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Preface 

Microcontrollers from Philips Semiconductors 

Philips Semiconductors supplies a wide range of microcontrollers based on 
mainstream architectures. By offering a large variety of product derivatives, Philips 
Semiconductors can meet a broad range of specific or unique application 
requirements. All of our microcontrollers are based on mainstream architectures to 
allow the user to take advantage of existing software and a vast array of third-party 
support. 

Philips Semiconductors S-bit microcontrollers are based on the popular SOC51 
architecture. We offer most of the industry standard products in this architecture as 
well as a large selection of powerful derivative products. These derivatives offer a 
wide assortment of features, including: additional memory, AID, PWM, additional 
timers, and many more. Many of the derivative microcontrollers have an 12C serial 
interface that allows them to be connected easily to over 70 other parts, increasing 
their capabilities even further. The 12C serial bus is covered in Section 2 of this 
book. Philips Semiconductors also offers the Controller Area Network (CAN) serial 
bus for automotive and industrial applications. This standard, developed by Bosch, 
offers high noise immunity and error correction for automotive and industrial 
environments. The CAN serial bus is covered in Section 5 of this book. The Low 
Power SOCL51 Family of derivatives may be found in Section 4. These devices 
operate over the wide vo~age range of 1.S - 6.0 volts and are ideal for portable and 
battery operations. This data book covers the SOC51 standard products and 
derivatives that Philips Semiconductors manufactures. 

Philips Semiconductors 16-bit microcontroller family is based on the 6S000 
architecture. While these are called 16-bit microcontrollers, the 6S000 CPU core 
architecture is 32-bit. This offers the user a great deal more processing power, 
when the need arises in a design to move from an S-bit to a 16-bit microcontroller. 
Philips Semiconductors 16-bit microcontrollers are software compatible with 
existing 6S000 code. As with our popular S-bit microcontrollers, EPROM and OTP 
versions of our 16-bit products are available. The 16-bit microcontrollers are also 
covered in a separate data book. 

Philips Semiconductors is developing a family of 32-bit microcontrollers based on 
the SPARC RiSe architecture. This family of microcontrollers will offer the ultimate 
in processing power for those applications that are computation intensive in an 
embedded control environment. 

Philips Semiconductors offers uncompromising quality, service, and support with all 
of its microcontroller products. For a complete family and the best in microcontroller 
products, look to Philips Semiconductors. 
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Philips Semiconductors 

80C51-Based 
8-Bit Microcontrollers 

March 1993 

Product Status 

DEFINITIONS 

Data Sheet 
Identification 

Objective Specification 

Product Status 

Fomudive or in Design 

Preliminary Specificafion Preproduction Product 

Product Specification Full Production 

iv 

Definition 

This data shoot contains the design target or goal specifications for 
product development Specifications may change in any manner 
without notice. 

This data sheet contains preliminary data, and supplementary dala 
will be published at a later date. Philips Semiconductors reserves the 
right to make changes at any time without notice in order to irrprove 
design and supply the best possible product. 

This dala sheet contains Final Specifications. Philips 
Semiconductors reserves the right to make changes at any time 
without notice. in order to ifllJrove design and supply the best 
possible product. 
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Example: P8 X C1L~ E B P N 

~ 1 T , .... _Am __ ""'" 
A = Plastic Leaded Chip Carrier (PLCC) 

o = ROM LESS B = Quad Rat Pack (QFP) 
3 = ROM FA = Hermetic Cerdip (window) 
7 = EPROM/OTP KA = CerQuad (window) 

N = Plastic Dual In-Line 
Exceptions: .. 

P80C32 = ROMless Philips Package Code 
P80C52 = ROM A = Plastic Leaded Chip Carrier (PLCC) 

B = Quad Flat Pack (QFP) 

This can be 2 or 3 digils------' F = Hermetic Cerdip (window) 
L = Cerquad (window) 
P = Plastic Dual In-Line 
LA = Ceramic Leaded Chip Carrier (window) 

L.. ___ Temperature 
B = O°C 10 +70°C 
F = -40°C to +85°C 
H = 40°C to +125°C 

L.. ____ Speed 
E = ISMHz 
G=20MHz 
I = 24MHz 

Example: SC 8 X C ~~ Bee N 40 

0= ROMLESS ___ ....IT ~ Pin Count 
3=ROM 
7 = EPROM/OTP Package Code 

Exceptions: 
SC80C31 = ROMless 
SC80C51 = ROM 

This can be 2 or 3 digits ------' 

,o~:~:'J exxx 

3=ROM 
7 = EPROM/OTP 

A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 
FA = Hermetic Cerdip (window) 
KA = CerQuad (window) 
N = Plastic Dual In-Line 

'---- Speed 
B = 0.5 to 12MHz 
C= 12MHz 
G = ISMHz 
L= 20MHz 
P = 24MHz 
Y=33MHz 

L-___ Temperature 
C = Commercial O°C to + 70°C 
A = Industrial-40°C to +85°C 

L-____ Revision (optional) 

-1 N 24 1 T Pin Count 

Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 
F = Ceramic Dual I n-Line 
K = CerQuad 
N = Plastic Dual In-Line 

L.. ____ Speed / Temperature Range 
-1 = 12MHz, O°C to +70°C 
-2 = 12MHz, -40°C to +85°C 
-3 = 0.5 to 12MHz, O°C to +70°C 
-4 = ISMHz, O°C to +70ac 
-5 = ISMHz, _40°C to +85°C 
-S = 12 or 16MHz, -55°C to +85°C 

ix 
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80C51 microcontroller family features guide 

Part Number Program Security Clock Frequency Temperature Ranges (OC) Packages 
(ROMless) Available? (MHz) Oto 70 -40 to +85 -55 to +125 PDIP CDIP PlCC ClCC PQFP 

87C75O Y 3.5 to 16 X X N24 F24 A28 
83C751 N 0.5 to16 X X X N24 A28 
87C751 Y 0.5 to 16 X X X N24 F24 A28 
83C752 N 3.5 to 16 X X N28 A28 
87C752 Y 3.51016 X X X N28 F28 A28 

8051AH (8031AH) N 3.51015 X X N40 A44 
80C51 B (80C31 B) Y 0.5 to 33 X X X N40 A44 B44 

87C51 Y 0.5 to 33 X X X N40 F40 A44 K44 B44 
8OCl51 (80Cl31) N 01012 (1) X N40(2) B44 

83Cl41 0 (80Cl410 N 01012(1) X N40(2) 
83C451 (80C451) N 3.51016 X X X N64 A68 L68 

87C451 Y 0.51016 X X X N64 A68 l68 
83C550 (80C55O) Y 3.51016 X X N40 A44 

87C550 Y 3.5 to 16 X X N40 F40 A44 K44 
83C851 (80C851) Y 1.2 to 12 X X N40 A44 844 

83C852 Y lto6 X (die only) 

83Cl580 N 010 16 (1) X (3) B64 

87C51FB Y 3.5 to 16 X N40 F40 A44 K44 
8052AH (8032AH) N 3.5 to 15 X X N40 A44 

80C52 (80C32) Y 3.51020 X X N40 A44 B44 

87C52 Y 3.5 to 20 X X X N40 F40 A44 K44 B44 
80CL52 (80CL32) N 1.2 to 16 (1) X N40 B44 
83C652 (80C652) Y 1.21016 X X -40 to +125 N40 A44 B44 

87C652 Y 1.2 to 20 X X X N40 F40 A44 K44 
83C575 (80C575) Y 4to 16 X X N40 A44 B44 

87C575 Y 4 to 16 X X N40 F40 A44 K44 B44 
83C552 (80C552) N 1.21030 X X -40 to +125 A68 880 

87C552 Y 1.21016 X A68 K68 
83C562 (80C562) N 1.21016 X X -40 to +125 AG8 

83C053 N 3.5 to 12 X 42SDIP 

83C054 N 3.5 to 12 X 42SDIP 
87C054 N 3.5 to 12 X 42SDIP 
87C055 N 3.5 to 20 X 42SDIP 
83C654 Y 1.2to 16 X X -40 to +125 N40 A44 B44 

87C654 Y 1.2 to 16 X X X N40 F40 A44 K44 844 
83CE654 Y 1.2 to 16 X X B44 

83Cl781 N Oto 16(1) X N40 B44 
87C524 Y 3.5 to 20 X X N40 F40 A44 K44 B44 

83C592 (80C592) N 1.2 to 16 X A68 K68 

87C592 Y 1.2to 16 X A68 K68 
83C528 (80C528) Y 1.2to 16 X X N40 A44 B44 

87C528 Y 3.5 to 20 X X N40 F40 A44 K44 B44 

1) Oscillator options start from 32kHz. 2) Also available in VS040 package. 3) Also available in VS056 Package. 
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80C51 microcontroller family features guide 

Part Number Memory Counter I/O Serial External Comments/ 

(ROMless) ROM EPROM RAM Timers Ports Interfaces Interrupts Special Features 

87C750 lK 64 1 (l6-bit) 2-3/8 - 2 Lowest cost. 24-pin Skinny DIP 

83C751 2K 64 1 (l6-blt) 2-3/8 12C (bit) 2 Low-Cost 24-pin Skinny 01 P 

87C751 2K 64 1 (l6-bit) 2-3/8 12C (bit) 2 Low-Cost 24-pin Skinny DIP 

83C752 2K 64 1 (l6-bit) 2-5/8 12C (bit) 2 5 Channel 8-bit AID. PWM Output 

87C752 2K 64 1 (l6-bit) 2-5/8 12C (bit) 2 5 Channel 8-bit AID. PWM Output 

SOSlAH (8031AH) 4K 128 2 4 UART 2 NMOS 

80CSl B (80C31 B) 4K 128 2 4 UART 2 CMOS 

87CSl 4K 128 2 4 UART 2 CMOS 

SOC151 (SOCL31) 4K 128 2 4 UART 10 Low Voltage (1.8V to 6V). Low Power 

83CL410 (SOCL410 4K 128 2 4 12C 10 Low Voltage (1.8V to 6V). Low Power 

83C451 (SOC4S1) 4K 128 2 7 UART 2 Extended I/O. Processor Bus Interface 

87C4S1 4K 128 2 7 UART 2 Extended I/O. Processor Bus Interface 

83CS50 (SOC550) 4K 128 2 + Watchdog 4 UART 2 8 Channel 8-bil AID 
87C550 4K 128 2 + Watchdog 4 UART 2 8 Channel 8-bit AID 

83C8S1 (SOC8S1) 4K 128 2 4 UART 2 256 Bytes EEPROM. 
SOC51 Pin-tor-Pin Compatible 

83C852 6K 256 2 (16-bit) 218 1 Smartcard Controller with 2K EEPROM 
(Data, Code) Cryplograhpic Calc Unit 

83C1580 6K 256 3 + Watchdog 5 UART,I2C 10 4 Channel 8-bit AID, PWM Output, 
Low Voltage (2.5V to 6V), Low Power 

87C51FB 8K 256 3+PCA 4 UART 2 PCA with capture, compare, and PWM functions 

8052AH (8032AH) 8K 256 3 4 UART 2 NMOS 

80C52 (80C32) 8K 256 3 4 UART 2 SOCSl Pin Compatible with Twice the 
Memory and 3rd timer. 

87C52 8K 256 3 4 UART 2 (see above) 

80CL52 (80CL32) 8K 256 3 4 UART 2 Low Voltage (1.8V to 6V), Low Power 
83C652 (80C652) 8K 256 2 4 UART,I2C 2 SOC51 Pin Compatible with Twice 

Memory and 12C 

87C652 8K 256 2 4 UART,I2C 2 (see above) 
83C575 (80C575) 8K 256 3 +PCA 4 UART 2 High Reliability. with Low Voltage Detect, 

+ Watchdog Osc Fail Detect, Analog Comparators, PCA 
87C575 8K 256 (see above) 4 UART 2 (see above) 

83C552 (SOC552) 8K 256 3 + Watchdog 6 UART,I2C 2 8 Channell0-bit AID, 2 PWM Outputs, 
Capture/Compare Timer 

87C552 8K 256 3 + Watchdog 6 UART,I2C 2 (see above) 
83C562 (80C562) 8K 256 3 + Watchdog 6 UART 2 8 Channel 8-bit AID, 2 PWM Outputs, 

Capture/Compare Timer 
83C053 8K 192 2 (l6-bit) 3.5 2 On-Screen Display,9 PWM Outputs, 

3 Software AID Inputs 
83C054 16K 192 2 (l6-blt) 3.5 2 (see above) 
87C054 16K 192 2 (l6-bit) 3.5 2 (see above) 
87C055 16K 256 2 (l6-bit) 3.5 2 (see above, extra RAM added) 
83C654 16K 256 2 4 UAAT,I2C 2 SOC51 Pin Compatible with 4X Program 

Memory, 256 RAM, and 12C 
87C654 16K 256 2 4 UART,I2C 2 (see above) 

B3CE654 16K 256 2 4 UART,I2C 2 83C654 with Reduced 
Electro Magnetic Interference (EMI) 

83CL781 16K 256 3 4 UART,I2C 10 Low Voltage (1.8V to 6V), Low Power 
B7C524 16K 512 3 + Watchdog 4 UART, 12C (bit) 2 512 RAM 

83C592 (BOC592) 16K 512 3 + Watchdog 6 UART,CAN 6 CAN Bus Controller with 8 x 10-bit AID, 
2 PWM outputs, Capture/Compare Timer 

87C592 16K 512 3 + Watchdog 6 UART,CAN 6 (see above) 
83C528 (SOC528) 32K 512 3 + Watchdog 4 UART, 12C (bit) 2 Large Memory for High Level Languages 

B7C528 32K 512 3 + Watchdog 4 UART, 12C (bit) 2 Large Memory for High Level Languages 

Note: all combinations of part type, speed, temperature, and package may not be available. 
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Single-chip 8-bit microcontroller 8031AH/8051AH 

PIN DESCRIPTIONS 

PIN NO. 

MNEMONIC DIP LCC 

Vss 20 22 

Vee 40 44 

PO. 0-0.7 39--32 43-36 

Pl.o--P1.7 1-8 2-9 

P2.o--P2.7 21-28 24--31 

P3.o--P3.7 10-17 11, 
13-19 

10 11 
11 13 
12 14 
13 15 
14 16 
15 17 
16 18 
17 19 

RST 9 10 

ALE 30 33 

PSEN 29 32 

~ 31 35 

XTALI 19 21 

XTAL2 18 20 

OSCILLATOR 
CHARACTERISTICS 

TYPE 

I 

I 

1/0 

110 

1/0 

110 

I 
0 
I 
I 
I 
I 

0 
0 

I 

1/0 

0 

I 

I 

0 

NAME AND FUNCTION 

Ground: OV reference. 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have Is written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory In this application, it uses strong 
internal pull-ups when emitting 1 s. 

Port 1 : Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1 s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1 s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins 
that are externally being pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. Port 2 emits the high-order address byte during fetches from 
external program memory and during accesses to external data memory that use 16-bit addresses 
(MOVX @DPTR). In this application, it uses strong internal pull-ups when emitting 1 s. During 
accesses to external data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents 
of the P2 special function register. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1 s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: lid. Port 3 also serves the special features of the 80C51 family, as listed below: 
RxD (P3.0): Serial input port 
TxD (P3.1): Serial output port 
TfITO (P3.2): External interrupt 
IJ'iIT1 (P3.3): External interrupt 
TO (P3.4): Timer a external input 
T1 (P3.5): Timer 1 external input 
WR (P3.S): External data memory write strobe 
RU (P3.7): External data memory read strobe 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on reset using only an external capacitor to 
Vee. 

Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator 
frequency, and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each access to external data memory. PSEN 
is not activated during fetches from internal program memory. 

External Access Enable: ~ must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH to OFFFH. If ~ is held high, the device executes from 
internal program memory unless the program counter contains an address greater than OFFFH. 

Crystal 1 : Input to the inverting oscillator amplifier. 

Crystal 2: Output from the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

high and low times specified in the data sheet 
must be observed. 

XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 

To drive the device from an external clock 
source, XTAL2 should be driven while XTAL 1 
is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Vee and RST 
should come up at the same time for a proper 
start-up. 
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BLOCK DIAGRAM 

PO.~.7 

r---------------
1 ~~~ 

1 
1 
~ 

1 

D 
-=-1 

l'SEII 

ALE 

Eli 
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Single-chip 8-bit microcontroller 8031 AH/8051 AH 

PART NUMBER SELECTION 

PHILIPS PHILIPS NORTli AMERICA 

TEMPERATURE DC FREQ. NUMBER 
ROMles. ROM ROMless ROM AND PACKAGE MHz DRAWING 

MAFB031AH2-12P MAF8051AH-2P SCNB031 HACN40 SCNB051 HACN40 -40 to +85, Plastic Dual 12 0415C 
In-Une Package 

MAB8031AH2-12P MABB051AH-2P SCNB031HCCN40 SCNB051HCCN40 o to +70, Plastic Dual 12 0415C 
In-Une Package 

SCNB031HCFN40 SCNB051 HCFN40 010 +70, Plastic Dual 15 0415C 
In-Une Package 

SCNB031 HAFN40 SCNB051HAFN40 -40 to +85, Plastic Dual 15 0415C 
In-Une Package 

MAB8031AH2-12WP MABB051AH-2WP SCNB031HCCA44 SCNB051 HCCA44 o to +70, Plastic Leaded 12 0403G 
Chip Carrier 

MAFB031AH2-12WP MAFB051AH-2WP SCNB031 HACA44 SCN8051 HACA44 -40 to +85, Plastic 12 0403G 
Leaded Chip Carrier 

SCN8031HCFA44 SCN8051 HCFA44 o to +70, Plastic Leaded 15 0403G 
Chip Carrier 

SCN8031 HAFA44 SCN8051 HAFA44 -40 to +85, Plastic 15 0403G 
Leaded Chip Carrier 

LOGIC SYMBOL 

Vee Vss 
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Single-chip 8-bit microcontroller 

DESCRIPTION 
The Philips 8031AH/8051AH is a 
high-performance microcontroller fabricated 
with Philips high-density highly reliable +5V, 
depletion-load, N-channel, silicon-gate, N500 
MOS process technology. It provides the 
hardware features, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effective controlier for applications 
requiring up to 64k bytes of program memory 
andlor up to 64k bytes of data storage. 

The 8051AH contains a 4k x 8 read-only 
program memory, a 128 x 8 read-only data 
memory, 32 I/O lines, two 16-bit 
counteritimers, a five-source, two-priority 
level nested interrupt structure, a serial I/O 
port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and on-chip oscillator and clock 
circuits. The 8031AH is identical, except that 
it lacks the program memory. For systems 
that require extra capability, the 8051 AH can 
be expanded using standard TTL compatible 
memories and byte oriented peripheral 
controllers. 

The 8051AH microcontroller, like its 8048 
predecessor, is efficient both as a controlier 
and as an arithmetic processor. It has 
extensive facilities for binary and BCD 
arithmetic and excels in bit-handling 
capabilities. Efficient use of program memory 
results from an instruction set consisting of 
44% one-byte, 41% two-byte, and 15% 
three-byte instructions. With a 12MHz crystal, 
58% of the instructions execute in IllS, 40% 
in 21ls and multiply and divide require only 
41ls. 

December 29, 1992 

FEATURES 
• Reduced supply current 

• 4k x 8 ROM (8051AH) 

• 128x8RAM 

• Four 8-bit ports, 32 I/O lines 

• Two 16-bit timer/eventcounters 

• High-performance fuli-duplex serial channel 

• External memory expandable to 128k 

• Boolean processor 

• Industry standard 8051 architecture: 

- Non-paged jumps 

- Direct addressing 

- Four 8-register banks 

- Stack depth up to 128-bytes 

- Multiply, divide, subtract, compare 

• Most instructions execute in IllS 

• 4j.ls multiply and divide 
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8031 AH/8051 AH 

PIN CONFIGURATIONS 

XTAL2 

XTAll 

Vss 

11 

I. 

Pin Function Pin 
1 NC 15 
2 Pl.D 16 
3 Pl.l 17 
4 Pl.2 18 
5 Pl.3 19 
6 Pl.4 20 
7 P1.5 21 
8 Pl.6 22 
9 Pl.7 23 
10 RST 24 
11 RxO/P3.0 25 
12 NC 26 
13 TxD/P3.1 27 
14 lmO/P3.2 2B 

29 

40 

28 

Function 
TI'lTf1P3.3 
TO/P3.4 
Tl/P3.5 
WR/P3.6 
lID1P3.7 
XTAL2 
XTALl 
Vss 
NC 
P2.OIAS 
P2.1IA9 
P2.21AlO 
P2.31Al1 
P2.4/A12 
P2.5.IA13 

PO.1/ADl 

PO.21AD2 

Po.31AD3 

PO.4/AD4 

PO.S/ADS 

PO.6/AD6 

PO.7/AD7 

ALE 

P2.7/A1S 

P2.6/A14 

P2.SfA13 

P2.4/A12 

P2.3/All 

P2.21Al0 

P2.1/A9 

P2.0/AS 

39 

29 

Pin Function 
30 P2.6/A14 
31 P2.7/A15 
32 I'S8I 
33 ALE 
34 NC 
35 Eli 
36 PO.7/AD7 
37 PO.61AD6 
38 PO.51AD5 
39 PO.4/AD4 
40 PO.31AD3 
4'1 PO.21AD2 
42 PO.1/A01 
43 Po.o/ADO 
44 V" 

853-{)096 08603 
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80C51 Family 

Table 2. Serial Codes 
OPERATION 

Program user EPROM 

Verify user EPROM 

Program key EPROM 

Verify key EPROM 

Program security bit 1 

Program security bit 2 

Verify security bits 

Read signature bytes 

NOTE: 
• Pulsed from V,H to V'L and returned to V'H. 

Program Verification 
The EPROM array can be verified by placing 
the part in the programming mode as 
described above and forcing the Vpp pin to 
the VOH level. Four machine cycles after 
addressing a location the contents of the 
addressed location will appear on Port 1. 

87C751 and 87C752 Signature Bytes 
The signature bytes for the 87C751 and 
87C752 are read differently and are in 
different locations than those on the B7C51. 
Due to its reduced pin count, the part has to 
be put into ·Signature Byte Read Mode" by 

March 1993 

80C51 family EPROM products 

SERIAL CODE PO.1 (PGMI) PO.2(Vpp) 

296H 

296H 

292H 

292H 

29AH 

298H 

29AH 

294H 

placing a la-bit serial data stream on the 
Reset pin. The proper code and the 
condmons of PO. 1 and PO.2, for this mode, 
are shown in Table 2. 

Once the part has been placed into the 
Signature Byte Read Mode, the signature 
bytes can be read by the same procedure as 
a normal verification of locations 01 EH and 
01 FH. The values are: 

01EH 15H indicates the part is made by 
Philips 

01FH 91H-87C751 
01 FH 95H - 87C752 
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-' Vpp 

V,H V ,H 
-' Vpp 

V,H V,H 

-' Vpp 

-' Vpp 

V,H V,H 

V,H V,H 

Programming Features 
The 87C751 has all of the special 
programming features incorporated within its 
EPROM array that the 87C51 has. It has an 
encryption key table and two security bits 
(lock bits). These function exactly as they do 
in the 87C51. They are programmed or 
verified by sending the proper oode over the 
RESET pin (see Table 2) and then following 
the 87C751 programming procedure as 
described previously. 

Erasure Characteristics 
The erasure procedure is exactly the same 
as that described for the 87C51. 



Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

80C51 Family 

EPROM Erasure 
Erasure of the EPROM occurs when the chip 
is exposed to light with wavelengths shorter 
than 4000 angstroms. Sunlight and 
fluorescent lighting have wavelengths in this 
range, so exposure to these light sources 
over an extended period of time (about I 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. It is recommended, for this reason, 
that an opaque label be placed over the 
window. If the part is subject to elevated 
temperatures or an environment where 
solvents are used, Kapton tape (Fluorglas 
part number 2345-5 or its equivalent) can be 
used. 

The recommended erasure procedure is to 
expose the chip to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2 . Exposing the EPROM to an 
ultraviolet lamp of 12,OOOflW/cm2 rating for 
20 to 40 minutes, at a distance of I inch, is 
adequate. 

Programming the 87C751 and 
87C752 
The 87C751 and 87C752 are programmed 
using a Quick-pulse programming algorithm 
that is similar to that used for the 87C5t. It 
differs from the 87C5t in that a serial data 

80C51 family EPROM products 

stream is used to place the 87C751 in the 
programming mode. 

Figure 3 shows a block diagram of the 
programming configuration for the 87C751. 
Port pin PO.2 is used for the programming 
voltage supply input (Vpp signal). Port pin 
PO.t is used for the program (PGM) signal. 

Port 3 accepts the address input for the 
EPROM location to be programmed. Both the 
high and low components of the eleven-bit 
address are presented to the part through 
port 3. Multiplexing of the address 
components is performed using ASEL (PO.O). 

Port I is used as a bidirectional data bus 
during programming and verify operations. 
During the programming mode, it accepts the 
byte to be programmed. In the verify mode, it 
returns the contents of the specified address 
location. 

The XI pin is the oscillator input and receives 
the master system clock. This clock should 
be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a I O-bit code with the LSB send 
first. Each bit is synchronized to the clock 
input XI. 

87C751 

To program the 87C751 the part must be put 
into the programming mode by presenting the 
proper serial code (see Table 2) to the 
RESET pin. To do this RESET should be held 
high for at least two machine cycles. Port 
pins PO. I and PO.2 will be at VOH as a result 
of this, but they must be driven high prior to 
sending the serial data stream on the RESET 
pin. The serial data bits can now be 
transmitted over the RESET pin placing the 
87C751 into one of the programming modes. 
Following the transmission of the last data bit, 
the reset pin should be held low. 

Next the address information for the location 
to be programmed is placed on Port 3 and 
ASEL is used to perform the address 
multiplexing. ASEL should be driven high and 
then Port 3 driven with the high-order address 
bits. ASEL is then driven low, latching the 
high-order bits internally. Port 3 can now be 
driven with the low 8 bits of the address, 
completing the addressing of the location to 
be programmed. 

A high-voltage Vpp level is now applied to the 
Vpp input. This sets Port 1 as an input port. 
The data to be programmed to the EPROM 
array should be placed on Port 1. A series of 
25 programming pulses is now applied to the 
PGM pin (PO. I ) to program the addressed 
EPROM location. 

vcc 

AO-A7/AB-A 10 P3.0-P3.7 v55 
~ 
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Programming 
Pul .... 

VppNIH::: 
Clock Source 

Address Strobe 

---

PO.O/A5EL 

Pl.D-Pl.7 Data Bus 

PO.' 

PO.> 

XTAl1 

Rese' 
Control ~ Reset 
Logic 

Figure 3. Programming Configuration 
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Table 1. EPROM Programming Modes 

MODe RST PSER ALEIPROG ~pp P2.7 P2.6 P3.7 P3.6 

Read signature 1 0 1 1 0 0 0 0 

Program code data 1 0 O· Vpp 1 0 1 1 

Verify code data 1 0 1 1 0 0 1 1 

Pgm encryption table 1 0 O' Vpp 1 0 1 0 

Pgm lock bit 1 1 0 O· Vpp 1 1 1 1 

Pgm lock bit 2 1 0 O' Vpp 1 1 0 0 

NOTES: 
1. -0" = valid low for that pin, "1" = valid high for that pin. 
2. Vpp = 12.75 ±O.25V. 
3. Vee; = 5V ±10% during programming and verification. 
• ALEiPROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOms (±IOIlS) and high for a 

minimum of lOllS. 

r-, 
AD-A1 

V 

1 

1 

1 

~ 
J... 

4-&MHz 

li 
'----

-= 

Program Verification 
If lock bit 2 has not been programmed the 
on-chip program memory can be read out for 
program verification. To verify the contents of 
the program memory, the address of the 
location to be read is applied to ports 1 and 2 
as shown in Figure 2. The other pins are held 
at the ·Verify Code Data" levels indicated in 
Table 1. The contents of the addressed 
location will appear on port O. For this 
operation external pull-ups are required on 
port 0 as shown in Figure 2. Note that if the 
encryption table has been programmed the 
data presented at port 0 will be the exclusive 
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.sv 
-

l..-

f--- 10kx 
vcc 

P1 PO PGUData 

RST ElINpp 

P3.6 ALEIPROG o 
87C51 

P3.7 !'SEN o 

XTAl2 1'2-7 

P2.6 o 

XTAL1 ~--1'2-0 Aa-Al1 
-1'2-3 v----.--

vss 

Figure 2. Program Verification 

NOR of the program byte with a byte from the 
encryption table. 

Signature Bytes 
The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
B7C51 manufactured by Philips. 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

104 

(030H) = 15H indicates the part is made by 
Philips 

(031 H) = 90H 87C451 9BH 87C528 
92H 87C51 9CH 87C592 
94H 87C552 9DH 87C524 
96H 87C550 9EH 87C598 
97H 87C52 9FH 87C598 
99H 87C654 SOH 87C575 

/87C652 B2H 87C51 FB 
9AH 80C52 
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aOC51 Family 

EPROM PRODUCTS 
Most of the 8OC51 derivative products offered 
by Philips are supported with an EPROM 
version. Currently available EPROM parts arc 
the 87C51 , 87C451 , 87C552, 87C52, 
87C752, and the 87C751. EPROM versions 
of the 87C550, 87C652, 87C654, and 
87C528 are now in development. 

All EPROM products are available in both 
windowed DIP and OTP package 
configurations. The windowed DIP package 
allows the EPROM to be erased under a 
strong UV light source, making program 
development easier and faster. The OTP 
(One Tome Programmable) version cannot be 
erased because there is no window through 
which the die could be exposed to UV light. 
While the EPROM can only be programmed 
once in the OTP package, the part costs less 
than in windowed DIP and therefore offers an 
advantage for those not desiring to use the 
masked ROM version of the part. 

The EPROM products are fully supported on 
the industry standard EPROM programmers. 

aOC51 family EPROM products 

Programming the 87C51 
The setup for programming the 
microcontroller is shown in Figure 1. Note 
that the part is running with a 4 to 6 MHz 
oscillator. The clock must be running because 
the device is executing internal address and 
program data transfers during the 
programming. 

To program the 87C51 , the address of the 
EPROM location to be programmed is 
applied to ports 1 and 2 as shown in Figure 1 . 
The code byte to be programmed into this 
location is applied to port o. RST, PSElII, and 
the pins of ports 2 and 3 specified in Table 1 
are held at the "Program Code Data" levels 
specified in the table. The ALEi!'"R"OG is then 
pulsed low 25 times to program the 
addressed location. 

Encryption Table 
The encryption table is a feature of the 
87C51 , and its derivatives, that protects the 
code from being easily read by anyone other 
than the programmer. The encryption table is 
16to 64 bytes of code, depending on the 
microcontroller, that are exclusive NORed 
with thc program code data as it is read out. 
The first byte is XNORed with the first 
location read, the second with the second 
read, etc. through the sixteenth byte read. 
The seventeenth byte is XNORed with the 
first byte of the encryption table, the 

eighteenth with the second, etc. and on in 
sixteen-byte groups. 

After the Encryption table has been 
programmed the user has to know its 
contents in order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 

The encryption table is programmed in the 
same manner as the program memory, but 
using the "Pgm Encryption Table" levels 
specified in Table 1. After the encryption table 
is programmed, verification cycles will 
produce only encrypted information. 

Lock Bit 
There are two lock bits on the 87C51 that, 
when set, prevent the program data memory 
from being read out or programmed further. 
To program the lock bits, repeat the 
programming sequence using the "Pgm Lock 
Bit" levels specified in Table 1. 

After the first lock bit is programmed, further 
programming of the code memory or the 
encryption table is disabled. The other lock 
bit can of course still be programmed. With 
only lock bit one programmed, the memory 
can still be read out for program verification. 
After the second lock bit is programmed, it is 
no longer possible to read out (verify) the 
program memory. 

.5V 

vcc -

.~ 

AD-A7 ~ p, PO PGM Data 
y------. 

, RST EJWpp +12.75V 

, P3.6 AlEJPROO 
25 100jl8 Pulses 
to Ground 

87C51 

, P3.7 PSER 0 

XTAL2 P2.7 , 

~ }-4.oMHz P2.6 0 

I_.I XTAll 
P2.0 AII-A11 

-P2.3 
~ VSS " 

~ 

Figure 1. Programming Configuration 
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XRL A,Rn 

Bytes: 

Cycles: 

Encoding: I .... O ___ 1_0_.L1_1 ___ r_r_.J 

Operation: XRL 
(A) f- (A) v (Rn) 

XRL A,direct 

Bytes: 2 

Cycles: 

Encoding: LI O ___ 1_°---JIL °::.-...:.--=O:........:1---.J 
Operation: XRL 

XRL A,@Ri 

Bytes: 

Cycles: 

(A) f- (A) v (direct) 

Encoding: LI_o ___ 1_0_.J.1_0 __ "":"''''':'''---1 

Operation: XRL 
(A) f- (A) v (Ri) 

XRL A,#data 

Bytes: 2 

Cycles: 

Encoding: 10 1 0 1 0 0 0 

Operation: XRL 
(A) f- (A) v #data 

XRL direct,A 

Bytes: 2 

Cycles: 1 

Encoding: 10 1 0 I 0 0 1 0 

Operation: XRL 
(direct) f- (direct) v (A) 

XRL direct,#data 

Bytes: 3 

Cycles: 2 

Encoding: 10 1 0 I 0 0 

Operation: XRL 
(direct) f- (direct) v #data 

March 1993 

I direct address 

80C51 family programmer's guide 
and instruction set 

I immediate data I 

I direct address 

direct address I I immediate data I 
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and instruction set 

XCHD A,@Ri 

Function: Exchange Digit 

Description: XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a hexadecimal 
or BCD digit, with that of the internal RAM location indirectly addressed by the specified register. The 
high-order nibbles (bits 7-4) of each register are not affected. No flags are affected. 

Example: RO contains the address 20H. The Accumulator holds the value 36H (0011011 OB). Internal RAM location 
20H holds the value 75H (01110101B). The instruction, 

XCHD A,@RO 

will leave RAM location 20H holding the value 76H (0111011 OB) and 35H (00110101 B) in the Accumulator. 

Bytes: 

Cycles: 

Encoding: .... 1_ 1 __ 0_1_.L-0 ____ --' 

Operation: XCHD 
(A3.o) ¢ «Ri3.o)) 

XRL <dest-byte>,<src-byte> 

Function: Logical Exclusive-OR for byte variables 

Description: XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the 
results in the destination. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

(Note: When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, notthe input pins.) 

Example: Ifthe Accumulator holds OC3H (11000011B) and register 0 holds OAAH (10101010B) then the instruction, 

XRL A,RO 

March 1993 

will leave the Accumulator holding the value 69H (01101001 B). 

When the destination is a directly addressed byte, this instruction can complement combinations of bits in 
any RAM location or hardware register. The pattern of bits to be complemented is then determined by a 
mask byte, either a constant contained in the instruction or a variable computed in the Accumulator at 
run-time. The instruction, 

XRL Pl,#00110001B 

will complement bits 5, 4, and 0 of output Port 1. 
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80C51 Family 

SWAP A 

Function: Swap nibbles within the Accumulator 

80C51 family programmer's guide 
and instruction set 

Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator (bits 3-0 and bits 
7-4). The operation can also be thought of as a four-bit rotate instruction. No flags are affected. 

Example: The Accumulator holds the value OC5H (11000101 B). The instruction, 

SWAP A 

leaves the Accumulator holding the value 5CH (010111 OOB). 

Bytes: 1 

Cycles: 

Encoding: ... 1_1 ___ 0_0_.L1_0 ___ 0_0_-, 

Operation: 

XCH A,cbyt&> 

Function: Exchange Accumulator with byte variable 

Description: XCH loads the Accumulator with the contents of the indicated variable, at the same time writing the original 
Accumulator contents to the indicated variable. The source/destination operand can use register, direct, or 
register-indirect addressing. 

Example: RO contains the address 20H. The Accumulator holds the value 3FH (00111111 B). Internal RAM location 
20H holds the value 75H (01110101B). The instruction, 

XCH A,@RO 

will leave the RAM location 20H holding the values 3FH (OOllllllB) and 75H (01110101B) in the 
Accumulator. 

XCH A,Rn 

Bytes: 

Cycles: 

Encoding: ... I_l ___ o __ o--''--___ r_r_-' 

Operation: XCH 
(A) p(Rn) 

XCH A,direct 

Bytes: 2 

Cycles: 

Encoding: .... 11 ___ 0_0-----1.1_0 __ 0_1---1 

Operation: XCH 

XCH A,@Ri 

Bytes: 

Cycles: 

(A) P (direct) 

Encoding: 1L.~ ___ o_o_.l.I_o ____ ---I 

Operation: XCH 
(A) p«R;)) 

1 direct address 
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and instruction set 

SUBB A, csrc-byte> 

Function: Subtract with borrow 

Description: SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the result 
in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed for bit 7, and clears e 
otherwise. (If e was set before executing a SUBB instruction, this indicates that a borrow was needed for 
the previous step in a multiple precision subtraction, so the carry is subtracted from the Accumulator along 
with the source operand.) Ae is set if a borrow is needed for bit 3, and cleared otherwise. OV is set if a 
borrow is needed into bit 6, but not into bit 7, or into bit 7, but not bit 6. 

When subtracting signed integers OV indicates a negative number produced when a negative value is 
subtracted from a positive value, or a positive result when a positive number is subtracted from a negative 
number. 

The source operand allows four addressing modes: register, direct, register-indirect, or immediate. 

Example: The Accumulator holds Oe9H (11001001 B), register 2 holds 54H (010101 OOB), and the carry flag is set. 

SUBB A,Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

SUBB A,direct 

Bytes: 

Cycles: 

Encoding: 

Operation: 

SUBB A,@Ri 

Bytes: 

Cycles: 

Encoding: 

Operation: 

SUBB A,#data 

Bytes: 

Cycles: 

Encoding: 

Operation: 

March 1993 

The instruction, 

SUBB A,R2 

will leave the value 74H (01110100B) in the Accumulator, with the carry flag and AC cleared but OV set. 

Notice that OC9H minus 54H is 75H The difference between this and the above result is due to the carry 
(borrow) flag being set before the operation. If the state of the carry is not known before starting a single or 
multiple-precision subtraction, it should be explicitly cleared by a eLR e instruction 

11 0 0 1 r r 

SUBB 
(A) ~ (A) - (e) - (Rn) 

2 

11 0 0 1 10 0 1 I direct address 

SUBB 
(A) ~ (A) - (e) - (direct) 

11 0 0 1 10 

SUBB 
(A) ~ (A) - (e) - (Ri) 

2 

11 0 0 1 10 0 0 I immediate data I 
SUBB 
(A) ~ (A) - (e) - (#data) 
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SETB <bit> 

Function: Set Bit 

Description: SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable bit. No 
other flags are affected. 

Example: The carry flag is cleared. Output Port 1 has been written with the value 34H (0011 01 OOB). The instructions, 

SETB C 
SETB P1.0 

will leave the carry flag set to 1 and change the data output on Port 1 to 35H (00110101 B). 

SETB C 

Bytes: 

Cycles: 

Encoding: 11 0 1 
1 0 0 1 1 

Operation: SETB 
(C)(-1 

SETB bit 

Bytes: 2 

Cycles: 

Encoding: 11 0 1 
1 0 0 1 0 bit address 

Operation: SETB 
(bit) (- 1 

SJMP rei 

Function: Short Jump 

Description: Program control branches unconditionally to the address indicated. The branch destination is computed by 
adding the signed displacement in the second instruction byte to the PC, after incrementing the PC twice. 
Therefore, the range of destinations allowed is from 128 bytes preceding this instruction to 127 bytes 
following it. 

Example: The label "RELADR" is assigned to an instruction at program memory location 0123H. The instruction, 

SJMP RELADR 

Bytes: 

Cycles: 

Encoding: 

Operation: 

March 1993 

will assemble into location 0100H. After the instruction is executed, the PC will contain the value 0123H. 

(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, the 
displacement byte of the instruction will be the relative offset (0123H-01 02H) = 21 H. Put another way, an 
SJMP with a displacement of OFEH would be a one-instruction infinite loop.) 

2 

2 

11 0 0 0 
1 0 0 0 0 reI. address 

SJMP 
(PC) (- (PC) + 2 
(PC) (- (PC) + rei 
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RR A 

Function: Rotate Accumulator Right 

80C51 family programmer's guide 
and instruction set 

Description: The eight bits in the Accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7 position. No 
flags are affected. 

Example: The Accumulator holds the value OC5H (11000101 B). The instruction, 

RR A 

leaves the Accumulator holding the value OE2H (1110001 OB) with the carry unaffected. 

Bytes: 

Cycles: 

Encoding: 1000010011 

Operation: RR 

RRC A 

(An) ~ (An.'), n = 0 - 6 
(A7) ~ (AO) 

Function: Rotate Accumulator Right through the Carry flag 

Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. Bit 0 moves 
into the carry flag; the original state of the carry flag moves into the bit 7 position. No other flags are 
affected. 

Example: The Accumulator holds the value OC5H (11000101 B), and the carry is zero. The instruction, 

RRC A 

leaves the Accumulator holding the value 62 (0110001 OB) with the carry set. 

Bytes: 1 

Cycles: 

Encoding: 1 0 0 0 1 1 0 0 1 1 

Operation: RRC 
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(An) ~ (An.,), n = 0 - 6 
(A7}~(C) 

(C) (- (AO) 
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RL A 

Function: Rotate Accumulator Left 
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Description: The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 position. No 
flags are affected. 

Example: The Accumulator holds the value OC5H (11000101 B). The instruction. 

RL A 

leaves the Accumulator holding the value BBH (10001011 B) with the carry unaffected. 

Bytes: 

Cycles: 

Encoding: I 0 0 1 0 I 0 0 1 1 

Operation: RL 

RLC A 

(An+1) ~ (An). n = 0 - 6 
(AO)~(A7) 

Function: Rotate Accumulator Left through the Carry flag 

Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 7 moves into 
the carry flag; the original state of the carry flag moves into the bit 0 position. No other flags are affected. 

Example: The Accumulator holds the value OC5H (11000101 B). and the carry is zero. The instruction. 

RLC A 

leaves the Accumulator holding the value BBH (1000101 OB) with the carry set. 

Bytes: 

Cycles: 

Encoding: I 0 0 1 1 I 0 0 1 1 

Operation: RLC 
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(An+,) ~ (An). n = 0 - 6 
(AO)~(C) 

(C)~(A7) 
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RET 

Function: Return from subroutine 

80C51 family programmer's guide 
and instruction set 

Description: RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack 
Pointer by two. Program execution continues at the resulting address, generally the instruction 
immediately following an ACALL or LCALL. No flags are affected. 

Example: The Stack Pointer originally contains the value OSH. Internal RAM locations OAH and OSH contain the 
values 23H and 01 H, respectively. The instruction, 

RET 

will leave the Stack Pointer equal to the value 09H. Program execution will continue at location 0123H. 

Bytes: 

Cycles: 2 

Encoding: LI_o_o __ 1_0_.L-0 __ o_ 1 __ o-J 

Operation: RET 

RETI 

(PC,s-s) f- ((SP)) 
(SP) f- (SP) - 1 
(PC7-0) f- ((SP)) 
(SP) f- (SP) - 1 

Function: Return from interrupt 

Description: RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the interrupt 
logic to accept additional interrupts at the same priority level as the one just processed. The Stack Pointer 
is left decremented by two. No other registers are affected; the PSW is not automatically restored to its 
pre-interrupt status. Program execution continues at the resulting address, which is generally the 
instruction immediately after the point at which the interrupt request was detected. If a lower- or same-level 
interrupt has been pending when the RETI instruction is executed, that one instruction will be executed 
before the pending interrupt is processed. 

Example: The Stack Pointer originally contains the value OSH. An interrupt was detected during the instruction 
ending at location 0122H. Internal RAM locations OAH and OSH contain the values 23H and 01 H, 
respectively. The instruction, 

RETI 

will leave the Stack Pointer equal to 09H and return program execution to location 0123H. 

Bytes: 

Cycles: 2 

Encoding: ... 10 __ 0 __ 1_1_-,-0 __ 0_1_0--, 

Operation: RET I 
(PC'5S) f- ((SP)) 
(SP) f- (SP) - 1 
(PC7-o) f- ((SP)) 
(SP) f- (SP) - 1 
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POP direct 

Function: Pop from stack 

80C51 family programmer's guide 
and instruction set 

Description: The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is 
decremented by one. The value read is then transferred to the directly addressed byte indicated. No flags 
are affected. 

Example: The Stack Pointer originally contains the value 32H, and internal RAM locations 30H through 32H contain 
the values 20H, 23H. and 01 H, respectively. The instruction sequence, 

POP DPH 
POP DPL 

will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this point the 
instruction, 

POP SP 

will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was decremented 
to 2FH before being loaded with the value popped (20H). 

Encoding: ... ll ___ 0_l---oLl_o_o_o_o---, 

Operation: POP 

PUSH direct 

(direct) t- ((SP)) 
(SP) t- (SP) - 1 

Function: Push onto stack 

I direct address 

Description: The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the 
internal RAM location addressed by the Stack Pointer. Otherwise no flags are affected. 

Example: On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the value 0123H. 
The instruction sequence, 

PUSH DPL 
PUSH DPH 

will leave the Stack Pointer set to OBH and store 23H and 01 H in internal RAM locations OAH and OBH. 
respectively. 

Bytes: 2 

Cycles: 2 

Encoding: LI_l ___ 0_0_..r..I_o __ o_o_o----J 

Operation: PUSH 
(SP) t- (SP) + 1 
((SP)) t- (direct) 

I direct address 
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ORL C,<src-bit> 

Function: Logical-OR for bit variables 

80C51 family programmer's guide 
and instruction set 

Description: Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state otherwise. A slash 
("r) preceding the operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. No other flags are 
affected. 

Example: Set the carry flag if and only if Pl.0 = 1, ACC.? = 1, or OV = 0: 

ORL C,Pl.0 ;LOAD CARRY WITH INPUT PIN Pl 0 
ORL C,ACC.? ;OR CARRY WITH THE ACC. BIT? 
ORL C,IOV ;OR CARRY WITH THE INVERSE OF Ov. 

ORL C,bit 

Bytes: 2 

Cycles: 2 

Encoding: 10 1 1 10 0 1 0 bit address 

Operation: ORL 
(C) (- (C) v (bit) 

ORL C,Ibit 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 1 0 10 0 0 0 bit address 

Operation: ORL 
(C) (- (C) v (Oii) 
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ORL A,dlrect 

Bytes: 2 

Cycles: 

Encoding: L.1_o ___ o_o_J.1..:0_..:-_O=--.:...1 --1 

Operation: ORL 

ORL A,@RI 

Bytes: 

Cycles: 

Encoding: 

Operation: 

(A) ~ (A) v (direct) 

1o ° ° 1o 

ORL 
(A) ~ (A) v ((R;)) 

ORL A,#data 

Bytes: 2 

Cycles: 

Encoding: LI o ___ o_o_.LI_o ___ o_o_J 

Operation: ORL 
(A) ~ (A) v #data 

ORL direct,A 

Bytes: 2 

Cycles: 

Encoding: L.I o ___ o--.-.:o_J.I.:.O_.:...O_l:......0::....J 

Operation: ORL 
(direct) ~ (direct) v (A) 

ORL direct,#data 

Bytes: 3 

Cycles: 2 

Encoding: 10 ° 0 
I ° 0 

Operation: ORL 
(direct) ~ (direct) v #data 
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I direct address 

80C51 family programmer's guide 
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I immediate datal 

I direct address 

direct address I I immediate data I 
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NOP 

Function: 

Description: 

Example: 

Bytes: 

Cycles: 

No Operation 

Execution continues at the following instruction. Other than the PC, no registers or flags are affected. 

It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A simple 
SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must be inserted. This 
may be done (assuming are enabled) with the instruction sequence, 

CLR P2.7 
NOP 
NOP 
NOP 
NOP 
SETB P2.7 

Encoding: 1-10 __ 0 __ 0_ 0_--,-_0_0 __ 0_0_-, 

Operation: NOP 
(PC) f-- (PC) + 1 

ORL <dest-byte>,<src-byte> 

Function: Logical-OR for byte variables 

Description: ORL performs the bitwise logical-OR operation between the indicated variables, storing the results in the 
destination byte. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, not the input pins. 

Example: If the Accumulator holds OC3H (11000011 B) and RO holds 55H (010101018) then the instruction, 

ORL A,RO 

ORL A,Rn 

Bytes: 

Cycles: 

will leave the Accumulator holding the value OD7H (110101118). 

When the destination is a directly addressed byte, the instruction can set combinations of bits in any RAM 
location or hardware register. The pattern of bits to be set is determined by a mask byte, which may be 
either a constant data value in the instruction or a variable computed in the Accumulator at run-time. The 
instruction, 

ORL Pl,#001100108 

will set b~s 5, 4, and 1 of output Port 1. 

Encoding: I-I_o ___ o __ o---''--___ r __ r --I 

Operation: ORL 
(A) f-- (A) v (Rn) 
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MOVX @Ri,A 

Bytes: 

Cycles: 2 

Encoding: 11 1 1 10 0 

Operation: MOVX 
((Ri)) (- (A) 

MOVX @DPTR,A 

Bytes: 

Cycles: 2 

Encoding: 11 1 1 10 0 0 0 

Operation: MOVX 
((DPTR» (- (A) 

MUL AB 

Function: Multiply 

80C51 family programmer's guide 
and instruction set 

Description: MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The low-order byte 
of the sixteen-bit product is left in the Accumulator, and the high-order byte in B. If the product is greater 
than 255 (OFFH) the overflow flag is set; otherwise it is cleared. The carry flag is always cleared. 

Example: Originally the Accumulator holds the value 80 (SOH). Register B holds the value 160 (OAOH).The 
instruction, 

Bytes: 

MUL AB 

will give the product 12,800 (3200H), so B is changed to 32H (0011001 OB) and the Accumulator is cleared. 
The overflow flag is set, carry is cleared. 

Cycles: 4 

Encoding: 11 0 1 0 1 0 0 0 

Operation: MUL 
(Ah.o (- (A) x (B) 
(B),5-8 
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MOVC A,@A+PC 

Bytes: 1 

Cycles: 2 

Encoding: 11 0 0 0 10 0 1 1 

Operation: MOVC 
(PC) t- (PC) + 1 
(A) t- «A) + (PC» 

MOVX c:dest-byte>,<src-byte> (Not implemented in the 8XC752 or 8XC752) 

Function: Move External 

Description: The MOVX instructions transfer data between the Accumulator and a byte of external data memory, hence 
the "X' appended to MOV. There are two types of instructions, differing in whether they provide an eight·bit 
or sixteen-bit indirect address to the external data RAM. 

In the first type, the contents of RO or R1 in the current register bank provide an eight-bit address 
multiplexed with data on PO. Eight bits are sufficient for external 1/0 expansion decoding or for a relatively 
small RAM array. For somewhat larger arrays, port pins can be used to output higher-order address bits. 
These pins would be controlled by an output instruction preceding the MOVX. 

In the second type of MOVX instruction, The Data Pointer generates a sixteen-bit address. P2 outputs the 
high-order eight address bits (the contents of DPH) while PO mu~iplexes the low-order eight bits (DPL) 
with data. The P2 Special Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when accessing very large data arrays 
(up to 64k bytes), since no additional instructions are needed to set up the output ports. 

I! is possible in some situations to mix the two MOVX types. A large RAM array with its high-order address 
lines driven by P2 can be addressed via the Data Pointer, or with code to output high-order address bits to 
P2 followed by a MOVX instruction using RO or R1. 

Example: An external 256 byte RAM using multiplexed addressldata lines is connected to the 8051 Port O. Port 3 
provides control lines for the external RAM. Ports 1 and 2 are used for normal 110. Registers 0 and 1 
contain 12H and 34H. Location 34H of the external RAM holds the value 56H. The instruction sequence, 

MOVX A,@R1 
MOVX @RO,A 

copies the value 56H into both the Accumulator and external RAM location 12H. 

MOVX A,@Ri 

Bytes: 

Cycles: 2 

Encoding: 11 1 0 1 0 0 

Operation: MOVX 
(A) t- «Ri» 

MOVX A,@DPTR 

Bytes: 

Cycles: 2 

Encoding: 11 1 0 I 0 0 0 0 

Operation: MOVX 
(A) t- «DPTR» 
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MOV DPTR,#data16 

Function: Load Data Pointer with a 16-bit constant 

80C51 family programmer's guide 
and instruction set 

Description: The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded into the second 
and third bytes of the instruction. The second byte (DPH) is the high·order byte, while the third byte (DPL) 
holds the low-order byte. No flags are affected. 

This is the only instruction which moves 16 bits of data at once. 

Example: The instruction, 

MOV DPTR,#1234H 

will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H. 

Bytes: 3 

Cycles: 2 

Encoding: .. 1_1_0 __ 0 __ ...J1,--0_0 __ 0 __ o---, immed. data15-81 immed. data7-0 

Operation: MOV 
(DPTR) <c- (#data'5-O) 
DPH 0 DPL <c- #data,5_8 D#data7.o 

MOVC A,@A+<base-reg> 

Function: Move Code byte 

Description: The MOVC instructions load the Accumulator with a code byte, or constant from program memory. The 
address of the byte fetched is the sum of the original unsigned eight-bit Accumulator contents and the 
contents of a sixteen-bit base register, which may be either the Data Pointer or the PC. In the latter case, 
the PC is incremented to the address of the following instruction before being added with the Accumulator; 
otherwise the base register is not altered. Sixteen-bit addition is performed so a carry-out from the 
low-{)rder eight bits may propagate through higher-order bits. No flags are affected. 

Example: A value between a and 3 is in the Accumulator. The following instructions will translate the value in the 
Accumulator to one of four values defined by the DB (define byte) directive: 

REL_PC: INC A 
MOVC A,@A+PC 
RET 
DB 66H 
DB 77H 
DB 8aH 
DB 99H 

If the subroutine is called with the Accumulator equal to 01 H, it will return with 77H in the Accumulator. The 
INC A before the MOVC instruction is needed to "get around" the RET instruction above the table. H 
several bytes of code separated the MOVC from the table, the corresponding number would be added to 
the Accumulator instead. 

MOVC A,@A+DPTR 

Bytes: 

Cycles: 2 

Encoding: 11 a 0 1 10 a 1 1 

Operation: MOVC 
(A) <c- ((A) + (DPTR» 
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MOV @RI,dlrect 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 1 0 
1 0 

Operation: MOV 
«Ri» +- (direct) 

MOV @RI,#data 

Bytes: 2 

Cycles: 

Encoding: 10 1 1 10 

Operation: MOV 
«Ri» +- #data 

MOV <dest-blb,<src-blb 

Function: Move bit data 

I direct address 

80C51 family programmer's guide 
and instruction set 

I immediate datal 

Description: The Boolean variable indicated by the second operand is copied into the location specified by the first 
operand. One of the operands must be the carry flag; the other may be any directly addressable bit. No 
other register or flag is affected. 

Example: The carry flag is originally set. The data present at input Port 3 is 11000101 B. The data previously written 
to output Port 1 is 35H (00110101B). The instruction sequence, 

MOV P1.3,C 
MOV C,P3.3 
MOV P1.2,C 

will leave the carry cleared and change Port 1 to 39H (00111001 B). 

MOV C,bit 

Bytes: 2 

Cycles: 

Encoding: 11 0 1 0 10 0 1 0 bit address 

Operation: MOV 
(C)+- (bit) 

MOV bit,C 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 0 10 0 1 0 bit address 

Operation: MOV 
(bit)+- (C 
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MOV dlrect,A 

Bytes: 2 

Cycles: 

Encoding: 1 '-1 ___ 1_1--J..I_o __ 0_1--J 1 direct address 

Operation: MaV 
(direct) ~ (A) 

MOV direct,Rn 

Bytes: 2 

Cycles: 2 

Encoding: 11 ° ° ° 11 L-___ ..:.--L.:.-..:.-.-:.,.r.-:.,.r ___l 1 direct address 

Operation: MaV 
(direct) ~ (Rn) 

MOV dlrect,direct 

Bytes: 3 

Cycles: 2 

80C51 family programmer's guide 
and instruction set 

Encoding: 11 ° ° ° 10 L-____ -L __ -.:...O~l___l dir. addr. (src) 1 1 dir. addr. (dest) 1 
Operation: MaV 

(direct) ~ (direct) 

MOV dlrect,@RI 

Bytes: 2 

Cycles: 2 

Encoding: 1100010 
Operation: Mav 

(direct) ~ (Ri) 

MOV dlrect,#data 

Bytes: 3 

Cycles: 2 

Encoding: LIO ___ 1_1--1.1_0 __ 0-=----1:........1 
Operation: Mav 

(direct) ~ #data 

MOV @Ri,A 

Bytes: 

Cycles: 

Encoding: LI1 ___ 1_1--1.I_o __ ~:........J 
Operation: MaV 

«Ri» ~ (A) 

1 direct address 

direct address 1 1 immediate data 1 
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'MOV A,direct 

Bytes: 2 

Cycles: 

Encoding: 11 1 0 10 0 1 
Operation: MOV 

(A) ~ (direct) 

MOV A,@RI 

Bytes: 

Cycles: 

Encoding: 11 0 10 

Operation: MOV 
(A)~ (Ri) 

MOV A,#data 

Bytes: 2 

Cycles: 

Encoding: 10 1 1 10 0 0 

Operation: MOV 
(A)~ #data 

MOV Rn,A 

Bytes: 

Cycles: 

Encoding: 11 11 r r 

Operation: MOV 
(Rn)~ (A) 

MOV Rn,direct 

Bytes: 2 

Cycles: 2 

80C51 family programmer's guide 
and instruction set 

1 direct address I 

I immediate data I 

Encoding: 11 0 1 0 11 1...-__ ':'-~...J....~.:.-....:r:......:r:........J I direct address 

Operation: MOV 
(Rn) ~ (direct) 

MOV Rn,#data 

Bytes: 2 

Cycles: 

Encoding: 10 1 1 11 L-____ ..l-___ r_~r -J I immediate datal 

Operation: MOV 
(Rn) ~ #data 

"MOV A,ACC is not a valid instruction. 
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LJMP addr16 (Implemented In 87C751 and 87C752 for In-clrcult emulation only_) 

Function: long Jump 

Daacrlptlon: LJMP causes an uncond~ional branch to the indicated address, by loading the high-order and Iow-order 
bytes 01 the PC (respectively) w~h the second and third instruction bytes. The destination may therefore be 
anywhere in the full 64k program memory address space. No flags are affected. 

Example: The label "JMPADR" is assigned to the instruction at program memory location 1234H. The instruction, 

LJMP JMPADR 

at location 0123H will load the program counter with 1234H. 

Bytas: 3 

Cycle.: 2 

Encoding: I ° ° ° ° I ° ° 1 ° addrl5-addrS addr7-addrO 

Operation: LJMP 
«SP» +- addr 11;-8 

MOV cdest-byte>,carc-byt9> 

Function: Move byte variable 

Description: The byte variable indicated by the second operand is copied into the location specified by the first operand. 
The source byte is not affected. No other register or flag is affected. 

This is by far the most flexible operation. Fifteen combinations of source and destination addressing 
modes are allowed. 

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data present at input 
port 1 is l1oo1010B (OCAH). The instruction sequence, 

MOV A,Rn 

Bytas: 

Cycle.: 

MOV RO,#30H ;RO < = 30H 
MOV A,@RO ;A < = 40H 
MOV Rl,A ;Rl <=40H 
MOV B,@Rl ;B < = 10H 
MOV @Rl,Pl ;RAM (40H) < = OCAH 
MOV P2,Pl ;P2 #OCAH 

leaves the value 30H in register 0, 40H in both the Accumulator and register I, 10H in register B, and 
OCAH (1100101 OB) both in RAM location 40H and output on port 2. 

Encoding: Lll ___ 1_0---LI_l __ r_r----l 

Operation: MOV 
(A)+- (Rn) 
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JZ rei 

Function: Jump if Accumulator Zero 

80C51 family programmer's guide 
and instruction set 

Description: H all bits of the Accumulator are zero, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative~isplacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 

Example: The Accumulator originally holds 01 H. The instruction sequence, 

JZ LABELl 
DEC A 
JZ LABEL2 

will change the Accumulator to OOH and cause program execution to continue at the instruction identified 
by the label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: 1 L 0 ___ 1_°---,-1_0_0_0_0--, 

Operation: JZ 

LCALL addr16 

(PC) ~ (PC) + 2 
IFA=O 

THEN (PC) ~ (PC) + rei 

Function: Long Call 

rei. address 

Description: LCALL calls a subroutine located at the indicated address. The instruction adds three to the program 
counter to generate the address of the next instruction and then pushes the 16-bit result onto the stack 
(low byte first), incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL instruction. Program execution 
continues with the instruction at this address. The subroutine may therefore begin anywhere in the full 
64k-byte program memory address space. No flags are affected. 

Example: Initially the Stack Pointer equals 07H. The label "SUBRTN" is assigned to program memory location 
1234H. After executing the instruction, 

Bytes: 

Cycles: 

Encoding: 

Operation: 

March 1993 

LCALL SUBRTN 

at location 0123H, the Stack Pointer will contain 09H, internal RAM locations OSH and 09H will contain 
26H and 01 H, and the PC will contain 1235H. 

3 

2 

1o ° o 1 1 0 ° 1 ° addr15-addrS I I addr7 -addrO 

LCALL 
(PC) ~ (PC) + 3 
(SP) ~ (SP) + 1 
«SP» ~ (PCt-o) 
(SP) ~ (SP) + 1 
«SP» ~ (PC'5-s) 
(PC) ~ addr,5.o 
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JNC rei 

Function: Jump if Carry Not set 

80C51 family programmer's guide 
and instruction set 

Description: If the carry flag is a zero, branch to the address indicated; olherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice to point to the next instruction. The carry flag is not modified. 

Example: The carry flag is set. The instruction sequence, 

JNC LABELl 
CPL C 
JNC LABEL2 

will clear the carry and cause program execution to continue at the instruction identified by the label 
LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: LI o ___ o_I_LI_o __ o_o_o---J 

Operation: JNC 

JNZ rei 

(PC) f-- (PC) + 2 
IF (C) = ° 

THEN 
(PC) f-- (PC) + rei 

Function: Jump if Accumulator Not Zero 

rei. address 

Description: If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 

Example: The Accumulator originally holds OOH. The instruction sequence, 

JNZ LABELl 
INC A 
JNZ LABEL2 

will set the Accumulator to 01 H and continue at label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: I~O ___ I_I_ ... I_o_o __ o_o--, 

Operation: JNZ 
(PC) f-- (PC) + 2 
IFA*O 

THEN (PC) f-- (PC) + rei 

reI. address 
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JMP @A+OPTR 

Function: Jump indirect 

80C51 family programmer's guide 
and instruction set 

Description: Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and load the 
resulting sum to the program counter. This will be the address for subsequent instruction fetches. 
Sixteen-bit addttion is performed (modulo 216): a carry-out from the low-order eight bits propagates through 
the higher-order bits. Netther the Accumulator nor the Data Pointer is altered. No flags are affected. 

Example: An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will branch to 
one of four AJMP instructions in a jump table starting at JMP _ TBL: 

MOV DPTR,#JMP TBL 
JMP @A+DPTR -

JMP _TBL: AJMP LABELO 
AJMP LABELl 
AJMP LABEL2 
AJMP LABEL3 

If the Accumulator equals 04H when starting this sequence, execution will jump to label LABEL2. 
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other address. 

Bytes: 

Cycles: 2 

Encoding: ... 1 0 ___ 1_1_ ... 1_0 __ 0_1_1--1 

Operation: JMP 
(PC) ~ (A) + (DPTR) 

JNB bit,rel 

Function: Jump if Bit Not set 

Description: If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next instruction. 
The branch destination is computed by adding the signed relative-displacement in the third instruction byte 
to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not modified. 
No flags are affected. 

Example: The data present at input port 1 is 1100101 OB. The Accumulator holds 56H (0101011 OB). The instruction 
sequence, 

JNB Pl.3,LABEL 1 
JNB ACC.3,LABEL2 

will cause program execution to continue at the instruction at label LABEL2. 

Bytes: 3 

Cycles: 2 

Encoding: 10 0 1 1 I 0 0 0 0 

Operation: JNB 
(PC) ~ (PC) + 3 
IF (bit) = 0 

THEN 
(PC) ~ (PC) + rei 

btt address 
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JBC bit,rel 

Function: Jump if Bit is set and Clear bit 

80C51 family programmer's guide 
and instruction set 

Description: If the indicated bit is a one, branch to the address indicated; otherwise proceed with the next instruction. 
The bit will not be cleared if it is already a zero. The branch destination is computed by adding the signed 
relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first byte of 
the next instruction. No flags are affected. 

Note: When this instruction is used to test an output pin, the value used as the original data will read from 
the output data latch, not the input pin. 

Example: The Accumulator holds 56H (0101011 OB). The instruction sequence, 

JBC ACC.3,LABEL 1 
JBC ACC.2,LABEL2 

will cause program execution to continue at the instruction identified by the LABEL2, with the Accumulator 
modified to 52H (01010010B). 

Bytes: 3 

Cycles: 2 

Encoding: I ° 0 ° 1 I 0 ° 0 0 

Operation: JBC 

JC rei 

(PC) r (PC) + 3 
IF (bit) = 1 

THEN 
(bit) r ° 
(PC) r (PC) + rei 

Function: Jump if Carry is set 

bit address I I reI. address 

Description: If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice. No flags are affected. 

Example: The carry flag is cleared. The instruction sequence, 

JC LABEll 
CPL C 
JC LABEL2 

will set the carry and cause program execution to continue at the instruction identffied by the label 
LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: LI o ___ 0_0_ ... 1_0 __ 0_0_0---, 

Operation: JC 
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(PC) r (PC) + 2 
IF (C) = 1 

THEN 
(PC) r (PC) + rei 

reI. address 
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INC DPTR 

Function: Increment Data Pointer 

80C51 family programmer's guide 
and instruction set 

Description: Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an overflow of the 
low-order byte of the data pointer (DPL) from OFFH to ooH will increment the high-order byte (DPH). No 
flags are affected. 

This is the only 16-bit register which can be incremented. 

Example: Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 

INC DPTR 
INC DPTR 
INC DPTR 

will change DPH and DPL to 13H and 01 H. 

Bytes: 1 

Cycles: 2 

Encoding: 11 0 1 0 1 0 0 1 1 

Operation: INC 
(DPTR) f- (DPTR) + 1 

JB blt,rel 

Function: Jump if Bit set 

Description: If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the third instruction byte to 
the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not modified. No 
flags are affected. 

Example: The data present at input port 1 is 1100101 OB. The Accumulator holds 56 (0101011 OB). The instruction 
sequence, 

JB Pl.2,LABEL1 
JB ACC.2,LABEL2 

will cause program execution to branch to the instruction at label LABEL2. 

Bytes: 3 

Cycles: 2 

Encoding: 1 0 0 1 0 1 0 0 0 0 

Operation: JB 
(PC) f- (PC) + 3 
IF (bit) = 1 

THEN 
(PC) f- (PC) + rei 

bit address 
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Function: Increment 

Description: INC increments the indicated variable by 1. An original value of OFFH will overflow to OOH. No flags are 
affected. Three addressing modes are allowed: register, direct, or register-indirect. 

INC 

INC 

INC 

INC 

Note: When this instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, not the input pins. 

Example: Register 0 contains 7EH (011111108). Internal RAM locations 7EH and 7FH contain OFFH and 40H, 
respectively. The instruction sequence, 

A 

Bytes: 

Cycles: 

Encoding: 

Operation: 

Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

direct 

Bytes: 

Cycles: 

Encoding: 

Operation: 

@Ri 

Bytes: 

Cycles: 

Encoding: 

Operation: 

INC @RO 
INC RO 
INC @RO 

will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding (respectively) OOH and 
41H. 

10 0 0 0 I 0 o 0 

INC 
(A)~ (A) + 1 

10 0 0 0 r r 

INC 
(Rn) ~ (Rn) + 1 

2 

10 0 0 0 10 L-____ ----'I.-___ 0 __ 1---' direct address I 
INC 
(direct) ~ (direct) + 1 

10 0 0 0 10 1 i 

INC 
«Rill ~ «Rill + 1 
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DJNZ cbyte:.,crel-addr> 

Function: Decrement and Jump if Not Zero 

80C51 family programmer's guide 
and instruction set 

Description: DJNZ decrements the location indicated by 1, and branches to the address indicated by the second 
operand if the resulting value is not zero. An original value of OOH will underflow to OFFH. No flags are 
affected. The branch destination would be computed by adding the signed relative-displacement value in 
the last instruction byte to the PC, after incrementing the PC to the first byte of the following instruction. 

The location decremented may be a register or directly addressed byte. 

Note: When this instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, not the input pins. 

Example: Internal RAM locations 40H, 50H, and SOH contain the values 01 H, 70H, and 15H, respectively. The 
instruction sequence, 

DJNZ Rn,rel 

DJNZ 40H,LABEL_1 
DJNZ 50H,LABEL_2 
DJNZ SOH,LABEL_3 

will cause a jump to the instruction at LABEL_2 with the values OOh, SFH, and 15H in the three RAM 
locations. The first jump was not taken because the resu~ was zero. 

This instruction provides a simple was of executing a program loop a given number of times, or for adding 
a moderate time delay (from 2 to 512 machine cycles) with a single instruction. The instruction sequence, 

MOV R2,#8 
TOGGLE: CPL P1.7 

DJNZ R2,TOGGLE 

will toggle P1.7 eight times, causing four output pulses to appear at bit 7 of output Port 1. Each pulse will 
last three machine cycles, two for DJNZ and one to a~er the pin. 

Bytes: 2 

Cycles: 2 

Encoding: ... 11 ___ 0_1--1..1_1 __ r_r---l 

Operation: DJNZ 

DJNZ dlrect,rel 

(PC) E- (PC) + 2 
(Rn) E- (Rn) - 1 
IF (Rn) > 0 or (Rn) < 0 

THEN 
(PC) E- (PC) + rei 

Bytes: 3 

Cycles: 2 

Encoding: 

Operation: 
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o 1 1 0 

DJNZ 
(PC) E- (PC) + 2 
(direct) E- (direct) - 1 

o 1 

IF (direct) > 0 or (direct) < 0 
THEN 

(PC) E- (PC) + rei 

reI. address 

direct data reI. address 
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DIV AB 

Function: Divide 

80C51 family programmer's guide 
and instruction set 

Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsigned eight-bit integer in 
register B. 

The Accumulator receives the integer part of the quotient; register B receives the integer remainder. The 
carry and OV flags will be cleared. 

Exception: if B had originally contained OOH, the values returned in the Accumulator and B-register will be 
undefined and the overflow flag will be set. The carry flag is cleared in any case. 

Example: The Accumulator oontains 251 (OFBH or 11111011 B) and B contains 18 (12H or 00010010B). The 
instruction, 

DIV AB 

will leave 13 in the Accumulator (ODH or 00001101 B) and the value 17 (11 H or 00010001 B) in B, since 251 
= (13 x 18) + 17. Carry and OV will both be cleared. 

Bytes: 1 

Cycles: 4 

Encoding: 11 0 0 0 I 0 0 0 

Operation: DIV 
(A)158 f-- (A)/(B) 
(Bh-o 
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DEC byte 

Function: Decrement 

80C51 family programmer's guide 
and instruction set 

Description: The variable indicated is decremented by 1_ An original value of OOH will underflow to OFFH_ No flags are 
affected. Four operand addressing modes are allowed: accumulator, register, direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as the original data will be 
read from the output data latch, not the input pin. 

Example: Register 0 contains 7FH (011111118). Internal RAM locations 7EH and 7FH contain OOH and 40H, 
respectively. The instruction sequence, 

DEC A 

Bytes: 

Cycles: 

DEC @RO 

DEC RO 

DEC @RO 

will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 3FH. 

Encoding: I 0 0 0 1 I 0 0 0 

Operation: DEC 

DEC Rn 

Bytes: 

Cycles: 

(A)~ (A)-l 

Encoding: LI_0_0 __ 0 __ 1--''--___ r __ r--' 

Operation: DEC 

DEC direct 

Bytes: 

Cycles: 

Encoding: 

Operation: 

DEC @Ri 

Bytes: 

Cycles: 

(Rn) ~ (Rn) - 1 

2 

10 0 0 1 I 0 '--____ --''--___ 0 __ 1--1 direct address I 
DEC 
(direct) ~ (direct) -1 

Encoding: I 0 0 0 1 I 0 1 i 

Operation: DEC 
((R;)) ~ ((R;)) - 1 
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DA A 

Function: Decimal-adjust Accumulator for Addition 

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variable (each 
in packed-BCD format), producing two four-bit digits. Any ADD or AD DC instruction may have been used 
to perform the addition. 

If Accumulator bits 3-0 are greater than nine (xxx1010-xxxllll), or if the AC flag is one, six is added to the 
Accumulator, producing the proper BCD digit in the low-order nibble. This internal addition would set the 
carry flag if a carry-out of the low-order four-bit field propagated through all high-order bits, but it would not 
clear the carry flag otherwise. 

If the carry flag is now set, or if the four high-order bits now exceed nine (1 01 Oxxx-ll1xxxx), these 
high-order bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again, this 
would set the carry flag if there was a carry-out of the high-order bits, but wouldn't clear the carry. The 
carry flag thus indicates if the sum of the original two BCD variables is greater than 100, allowing multiple 
precision decimal addition. OV is not affected. 

All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal 
conversion by adding OOH, 06H, 60H, or 66H to the Accumulator, depending on initial Accumulator and 
PSW conditions. 

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD notation, nor does 
DA A apply to decimal subtraction. 

Example: The Accumulator holds the value 56H (0101011 OB) representing the packed BCD digits of the decimal 
number 56. Register 3 contains the value 67H (01100111 B) representing the packed BCD digits of the 
decimal number 67. The carry flag is set.. The instruction sequence, 

Bytes: 

Cycles: 

ADDC A,R3 
DA A 

will first perform a standard two's-complement binary addition, resulting in the value OBEH (1011111 OB) in 
the Accumulator. The carry and auxiliary carry flags will be cleared. 

The Decimal Adjust instruction will then alter the Accumulator to the value 24H (001001 OOB), indicating the 
packed BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56, 67, and 
the carry-in. The carry flag will be set by the Decimal Adjust instruction, indicating that a decimal overflow 
occurred. The true sum 56, 67, and 1 is 124. 

BCD variables can be incremented or decremented by adding 01 H or 99H. If the Accumulator initially 
holds 30H (representing the digits of 30 decimal), the the instruction sequence, 

ADD A,#99H 
DA A 

will leave the carry set and 29H in the AccumUlator, since 30 + 99 = 129. The low-order byte of the sum 
can be interpreted to mean 30 - 1 = 29. 

Encoding: LI_l ___ 0_1_..L1_0 ___ 0 __ 0---l 

Operation: DA 
-contents of Accumulator are BCD 
IF [[(A:w) > 9] v [(AC) = 1]] 

THEN(A3-o) ~ (A3.0) + 6 
AND 

IF [[(A7-4) > 9] v [(C) = 1]] 
THEN(A7 .• ) ~ (A7-4) + 6 
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CPL A 

Function: Comp/ement Accumulator 

80C51 family programmer's guide 
and instruction set 

Description: Each bit of the Accumulator is logically complemented (one's complement). Bits which previously 
contained a one are changed to a zero and vice-versa. No flags are affected. 

Example: The Accumulator contains 5CH (010111 OOB). The instruction, 

CPL A 

will leave the Accumulator set to 0A3H (10100011B). 

Bytes: 1 

Cycles: 

Encoding: .... 11 ___ 1_1 --,-1_0 __ 0_0---, 

Operation: CPL 
(A)~ 1 (A) 

CPL bit 

Function: Complement bit 

Description: The bit variable specified is complemented. A bit which had been a one is changed to zero and vice-versa. 
No other flags are affected. CLR can operate on the carry or any directly addressable bit. 

Note: When this instruction is used to modify an output pin, the value used as the original data will be read 
from the output data latch, notthe input pin. 

Example: Port 1 has previously been written with SDH (01011101 B). The instruction sequence, 

CPL P1.1 

CPL Pl.2 

will leave the port set to 5BH (01011011 B). 

CPL C 

Bytes: 

Cycles: 

Encoding: 11 0 1 1 
1 0 0 1 1 

Operation: CPL 
(C)~ 1 (C) 

CPL bit 

Bytes: 2 

Cycles: 1 

Encoding: 11 0 1 1 
1 0 0 1 0 bit address 

Operation: CPL 
(bit)~ 1 (bit) 
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CLR A 

Function: Clear Accumulator 

80C51 family programmer's guide 
and instruction set 

Description: 

Example: 

The Accumulator is cleared (all bits reset to zero). No flags are affected. 

The Accumulator contains 5CH (010111 OOB). The instruction, 

CLR A 

will leave the Accumulator set to OOH (OOOOOOOOB). 

Bytes: 

Cycles: 

Encoding: .... 11 ___ 1_0---'1_o ___ 0_0---' 

Operation: CLR 
(A)~O 

CLR bit 

Function: Clear bit 

Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry flag 
or any directly addressable bit. 

Example: Port 1 has previously been written with 50H (01011101B). The instruction, 

CLR Pl.2 

will leave the port set to 59H (01011001 B). 

CLR C 

Bytes: 

Cycles: 

Encoding: 11 ° ° 1 ° ° 1 1 

Operation: CLR 
(C)~O 

CLR bit 

Bytes: 2 

Cycles: 

Encoding: 11 ° ° 10 ° 1 ° bit address 

Operation: CLR 
(bit)~O 
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CJNE A,#data,rel 

Bytes: 3 

Cycles: 2 

80C51 family programmer's guide 
and instruction set 

Encoding: 11 0 1 1 I 0 a a I immediate data I I reI. address 

Operation: (PC) f- (PC) + 3 
IF (A) < > data 
THEN 

(PC) f- (PC) + relative offset 

IF (A) < data 
THEN 

ELSE 

CJNE Rn,#data,rel 

Bytes: 3 

Cycles: 2 

(C) f- 1 

(C) f- a 

Encoding: 11 a 1 1 11 
Operation: (PC) f- (PC) + 3 

IF (Rn) < > data 
THEN 

r r I immediate data I I reI. address 

(PC) f- (PC) + relative offset 

IF (Rn) < data 
THEN 

ELSE 

CJNE @Ri,#data,rel 

Bytes: 3 

Cycles: 2 

(C) f- 1 

(C) f-O 

Encoding: 11 a 1 1 I a 
Operation: (PC) f- (PC) + 3 

IF ((Ri» < > data 
THEN 

I immediate data I I reI. address 

(PC) f- (PC) + relative offset 

IF ((Ri)) < data 
THEN 

ELSE 
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(C) f-1 

(C) f-O 
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CJNE <dest-byte>,<src-byte>,rel 

Function: Compare and Jump if Not Equal 

80C51 family programmer's guide 
and instruction set 

Description: CJNE compares the magnitudes of the first two operands, and branches if their values are not equal. The 
branch destination is computed by adding the signed relative-displacement in the last instruction byte to 
the PC, after incrementing the PC to the start of the next instruction. The carry flag is set if the unsigned 
integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; otherwise, the carry is 
cleared. Neither operand is affected. 

The first two operands allow four addressing mode combinations: the Accumulator may be compared with 
any directly addressed byte or immediate data, and any indirect RAM location or working register can be 
compared with an immediate constant. 

Example: The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence, 

CJNE R7,#60H,NOT_EO 
R7 = 60H. 
IF R7 <60H. 
R7> 60H. 

sets the carry flag and branches to the instruction at label NOT_EO. By testing the carry flag, this 
instruction determines whether R7 is greater or less than 60H. 

If the data being presented to Port 1 is also 34H, then the instruction, 

WAIT: CJNE A,Pl,WAIT 

clears the carry flag and continues with the next instruction in sequence, since the Accumulator does equal 
the data read from Pl. (If some other value was being input on Pl, the program will loop at this point until 
the Pl data changes to 34H.) 

CJNE A,direct,rel 

Bytes: 3 

Cycles: 2 

Encoding: ... 1_1_0 __ 1_1_-,-0 ___ 0 __ 1--1 

Operation: (PC) f- (PC) + 3 
IF (A) < > (direct) 
THEN 

1 direct address 

(PC) f- (PC) + relative offset 

IF (A) < (direct) 
THEN. 

ELSE 
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ANL C,<src-bil> 

Function: Logical-AND for bit variables 

80C51 family programmer's guide 
and instruction set 

Description: If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the carry flag 
in its current state. A slash ("r) preceding the operand in the assembly language indicates that the logical 
complement of the addressed bit is used as the source value, but the source bit itself is not affected. No 
other flags are affected. 

Only direct addressing is allowed for the source operand. 

Example: Set the carry flag n, and only if, Pl.0 = 1, ACC.? = 1, and OV = 0: 

MOV C,Pl.0 ;LOAD CARRY WITH INPUT PIN STATE 

ANL C,ACC.7;AND CARRY WITH ACCUM. BIT? 

ANL C,IOV ;AND WITH INVERSE OF OVERFLOW FLAG 

ANL C,bit 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 0 0 I 0 0 1 0 bit address 

Operation: ANL 
(C) f- (C) /\ (bit) 

ANL C,Ibit 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 1 1 0 0 0 0 bit address 

Operation: ANL 
(C) f- (C) /\ 1 (bit) 
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ANL A,Rn 

Bytes: 

Cycles: 

Encoding: 10 0 1 r r 

Operation: ANL 
(A) ~ (A) A (Rn) 

ANL A,direct 

Bytes: 2 

Cycles: 

Encoding: 10 0 1 1 0 0 1 

Operation: ANL 
(A) ~ (A) A (direct) 

ANL A,@Ri 

Bytes: 

Cycles: 

Encoding: 10 0 1 1 0 

Operation: ANL 
(A) ~ (A) A ((Ri)) 

ANL A,#data 

Bytes: 2 

Cycles: 

Encoding: 10 0 1 1 0 0 0 

Operation: ANL 
(A) ~ (A) A #data 

ANL direct,A 

Bytes: 2 

Cycles: 

Encoding: 10 0 1 1 0 0 1 0 

Operation: ANL 
(A) ~(direct) A (A) 

ANL direct,#data 

Bytes: 3 

Cycles: 2 

Encoding: LI_o ___ 0_1_..I.1_0 __ 0 ___ ...l 

Operation: ANL 
(direct) ~(direct) A #data 
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1 direct address 

80C51 family programmer's guide 
and instruction set 

I immediate data I 

1 direct address 

I direct address I immediate data I 
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AJMP addr11 

Function: Absolute Jump 

Description: AJMP transfers program execution to the indicated address, which is formed at run-time by concatenating 
the high-order five bits of the PC (after incrementing the PC twice), opcode bits 7-5, and the second byte 
of the instruction. The destination must therefore be within the same 2k block of program memory as the 
first byte of the instruction following AJMP. 

Example: The label "JMPADR" is at program memory location 0123H. The instruction, 

AJMP JMPADR 

is at location 0345H and will load the PC with 0123H. 

Bytes: 2 

Cycles: 2 

Encoding: I al0 a9 a8 0 o 0 0 1 I a7 a6 a5 a4 a3 a2 al aO 

Operation: AJMP 
(PC) f- (PC) + 2 
(PC,o-o) f- page address 

ANl <dest-byte>,<src-byte> 

Function: Logical-AND for byte variables 

Description: ANL performs the bitwise logical-AND operation between the variables indicated and stores the results in 
the destination variable. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, notthe input pins. 

Example: If the Accumulator holds OC3H (110000118) and register 0 holds 55H (010101018) then the instruction, 

ANL A,RO 
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will leave 41 H (010000018) in the Accumulator. 

When the destination is a directly addressed byte, this instruction will clear combinations of bits in any 
RAM location or hardware register. The mask byte determining the pattern of bits to be cleared would 
either be a constant contained in the instruction or a value computed in the Accumulator at run-time. The 
instruction, 

ANL Pl,#01110018 

will clear bits 7, 3, and 2 of output port 1. 
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ADDC A,<src-byte> 

Function: Add with Carry 

Description: ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator contents, 
leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is a 
carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag 
indicates an overflow occurred. 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number produced as the 
sum of two positive operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 

Example: The Accumulator holds OC3H (110000118) and register 0 holds OAAH (101010108) with the carry flag set. 
The instruction, 

AD DC A,RO 

will leave 6EH (011011108) in the Accumulator with AC cleared and both the Carry flag and OV set to 1. 

AD DC A,Rn 

Bytes: 

Cycles: 

Encoding: 10 0 1 1 r r 

Operation: ADDC 
(A) ~ (A) + (C) + (Rn) 

AD DC A,direct 

Bytes: 2 

Cycles: 

Encoding: 10 0 1 1 0 0 1 I direct address 

Operation: ADDC 
(A) ~ (A) + (C) + (direct) 

AD DC A,@Ri 

Bytes: 

Cycles: 

Encoding: 10 0 1 1 0 

Operation: ADDC 
(A) ~ (A) + (C) + «Ri» 

ADDC A,#data 

Bytes: 2 

Cycles: 

Encoding: 10 0 1 1 0 0 0 1 immediate data 1 

Operation: ADDC 
(A) ~ (A) + (C) + #data 
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Description: ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator. The carry 
and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared 
otherwise. When adding unsigned integers, the carry flag indicates an overflow occurred. 

OV is set if there is a carry-<>ut of bit 6 but not out of bit 7, or a carry-<>ut of bit 7 but not bit 6; otherwise OV 
is cleared. When adding signed integers, OV indicates a negative number produced as the sum of two 
positive operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 

Example: The Accumulator holds OC3H (110000118) and register a holds OAAH (101010108). The instruction, 

ADD A,RO 

will leave 6DH (011011018) in the Accumulator with the AC flag cleared and both the Carry flag and OV 
set to 1. 

ADD A,Rn 

Bytes: 

Cycles: 

Encoding: IL o __ 0 __ 1_0_-L. ___ r_r_....I 

Operation: ADD 
(A) r (A) + (Rn) 

ADD A,direct 

Bytes: 2 

Cycles: 

Encoding: I a a 1 0 I a 
Operation: ADD 

ADD A,@Ri 

Bytes: 

Cycles: 

(A) r (A) + (direct) 

Encoding: I a a 1 0 I a 
Operation: ADD 

(A) r (A) + «Rill 

ADD A,#data 

Bytes: 2 

Cycles: 

Encoding: I a 0 1 0 I a 
Operation: ADD 

(A) r (A) + #data 

a 1 

o a 

I direct address 

I immediate datal 
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ACALL addr11 

Function: Absolute Call 
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Description: ACAll unconditionally calls a subroutine located at the indicated address_ The instruction increments the 
PC twice to obtain the address of the following instruction. then pushes the 16-bit result onto the stack 
(low-order byte first) and increments the Stack Pointer twice. The destination address is obtained by 
successively concatenating the five high-order bits of the incremented PC. opcode bits 7-5. and the 
second byte of the instruction. The subroutine called must therefore start within the same 2k block of the 
program memory as the first byte of the instruction following ACAll. No flags are affected. 

Example: Initially SP equals 07H. The label "SUBRTN" is at program memory location 0345 H. After executing the 
instruction. 

ACAlL SUBRTN 

at location 0123H. SP will contain OSH. internal RAM locations 08H and OSH will contain 25H and 01 H. 
respectively. and the PC will contain 0345H. 

Bytes: 2 

Cycles: 2 

Encoding: I a10aS a8 1 I 0 0 0 1 

Operation: ACAlL 
(PC) ~ (PC) + 2 
(SP) ~ (SP) + 1 
(SP)~(P~.(J) 
(SP) ~ (SP) + 1 
(SP) ~ (PCl 5-8) 
(PC1().(J) ~ page address 

I a7 a6 a5 a4 I a3 a2 a1 aO 
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Table 7. 8OC51 Instruction Set Summary (Continued) 

MNEMONIC DESCRIPnON 

BOOLEAN VARIABLE MANIPULATION (Continued) 

JB rei Jump if direct bit is set 

JNB rei 

JBC bit,rel 

PROGRAM BRANCHING 

ACALL addr11 

LCALL addr16 

RET 

RETI 

AJMP addr11 

LJMP addr16 

SJMP rei 

JMP @A+DPTR 

JZ rei 

JNZ rei 

CJNE A,direct,rel 

CJNE A,#data,reI 

CJNE RN,#data,rel 

CJNE @Ri,#data,rel 

DJNZ Rn,rel 

DJNZ direct, rei 

NOP 

Jump if direct bit is not set 

Jump if direct bit is set and clear bit 

Absolute subroutine call 

Long subroutine call 

Return from subroutine 

Return from interrupt 

Absolute jump 

Long jump 

Short jump (relative addr) 

Jump indirect relative to the DPTR 

Jump if Accumulator is zero 

Jump if Accumulator is not zero 

Compare direct byte to Ace and jump if not equal 

Compare immediate to Ace and jump if not equal 

Compare immediate to register and jump if not 
equal 

Compare immediate to indirect and jump if not 
equal 

Decrement register and jump if not zero 

Decrement direct byte and jump if not zero 

No operation 

BYTE 
OSCILLATOR 

PERIOD 

2 24 

2 24 

3 24 

2 24 

3 24 

24 

24 

2 24 

3 24 

2 24 

1 24 

2 24 

2 24 

3 24 

3 24 

3 24 

3 24 

2 24 

3 24 

12 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 7. 8OC51 Instruction Set Summary (Continued) 

MNEMONIC DESCRIPTION BYTE 
OSCILLATOR 

PERIOD 

DATA TRANSFER (Continued) 

MOV A,#data Move immediate data te Accumulator 2 12 

MOV Rn,A Move Accumulater te register 12 

MOV Rn,direct Move direct byte to register 2 24 

MOV RN,#data Move immediate data to register 2 12 

MOV direct,A Move Accumulator te direct byte 2 12 

MOV direct,Rn Move register to direct byte 2 24 

MOV direct,direct Move direct byte to direct 3 24 

MOV direct,@Ri Move indirect RAM to direct byte 2 24 

MOV direct,#data Move immediate data to direct byte 3 24 

MOV @Ai,A Move Accumulater to indirect RAM 12 

MOV @Ai,direct Move direct byte te indirect RAM 2 24 

MOV @Ai,#data Move immediate data to indirect RAM 2 12 

MOV DPTA,#data16 Load Data Pointer with a 16-bit constant 3 24 

MOVC A,@A+DPTA Move Code by1e relative to DPTA te Ace 24 

MOVC A,@A+PC Move Code byte relative to PC to Ace 24 

MOVX A,@Ai Move external RAM (S-bit addr) to Ace 24 

MOVX A@DPTR Move external RAM (16-bit addr) to Ace 24 

MOVX A,@Ai,A Move Ace to extemal RAM (S-bit addr) 24 

MOVX @DPTR,A Move Ace te external RAM (16-bit addr) 24 

PUSH direct Push direct byte onto stack 2 24 

POP direct Pop direct byte from stack 2 24 

XCH A,An Exchange register with Accumulator 12 

XCH A,direct Exchange direct by1e with Accumulator 2 12 

XCH A,@Ai Exchange indirect RAM with Accumulater 12 

XCHD A,@Ai Exchange low-order digit indirect RAM with Ace 12 

BOOLEAN VARIABLE MANIPULATION 

CLA C Clear carry 12 

CLA bit Clear direct bit 2 12 

SETS C Set carry 12 

SETS bit Set direct bit 2 12 

CPL C Complement carry 12 

CPL bit Complement direct bit 2 12 

ANL C,bit AND direct bit to carry 2 24 

ANL C,Ibit AND complement of direct bit to carry 2 24 

OAL C,bit OA direct bit te carry 2 24 

OAL C,ibit OA complement of direct bit to carry 2 24 

MOV C,bit Move direct bit te carry 2 12 

MOV bit,C Move carry to direct bit 2 24 

JC rei Jump if carry is set 2 24 

JNC rei Jum p if carry not set 2 24 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 7. 80C51 Instruction Set Summary (Continued) 

MNEMONIC DESCRIPTION BYTE 
OSCILLATOR 

PERIOD 

ARITHMETIC OPERATIONS (Continued) 

INC direct Increment direct byte 2 12 

INC @Ri Increment indirect RAM 12 

DEC A Decrement Accumulator 12 

DEC Rn Decrement Register 12 

DEC direct Decrement direct byte 2 12 

DEC @Ri Decrement indirect RAM 12 

INC DPTR Increment Data Pointer 24 

MUL AS Multiply A and B 48 

DIV AS Divide A by B 48 

DA A Decimal Adjust Accumulator 12 

LOGICAL OPERATIONS 

ANL A,Rn AND Register to Accumulator 12 

ANL A,direct AND direct byte to Accumulator 2 12 

ANL A,@Ri AND indirect RAM to Accumulator 12 

ANL A,#data AND immediate data to Accumulator 2 12 

ANL direct,A AND Accumulator to direct byte 2 12 

ANL direct,#data AND immediate data to direct byte 3 24 

ORL A,Rn OR register to Accumulator 12 

ORL A,direct OR direct byte to Accumulator 12 

ORL A,@Ri OR indirect RAM to Accumulator 12 

ORL A,#data OR immediate data to Accumulator 2 12 

ORL direct,A OR Accumulator to direct byte 2 12 

ORL direct,#data OR immediate data to direct byte 3 24 

XRL A,Rn Exclusive-OR register to Accumulator 12 

XRL A,direct Exclusive-OR direct byte to Accumulator 2 12 

XRL A,@Ri Exclusive-OR indirect RAM to Accumulator 12 

XRL A,#data Exclusive-OR immediate data to Accumulator 2 12 

XRL direct,A Exclusive-OR Accumulator to direct byte 2 12 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 24 

CLR A Clear Accumulator 12 

CPL A Complement Accumulator 12 

RL A Rotate Accumulator left 12 

RLC A Rotate Accumulator left through the carry 12 

RR A Rotate Accumulator right 12 

RRC A Rotate Accumulator right through the carry 12 

SWAP A Swap nibbles within the Accumulator 12 

DATA TRANSFER 

MOV A,Rn Move register to Accumulator 12 

MOV A,direct Move direct byte to Accumulator 2 12 

MOV A,@Ri Move indirect RAM to Accumulator 12 

All mnemonics COPYrighted © Intel Corporation 1980 
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80C51 FAMILY INSTRUCTION SET 

Table 7. 80C51 Instruction Set Summary 

Interrupt Response lime: Refer to Hardware Description Chapter. 

Instructions that Affect Flag Settings(1) 

Instruction Flag Instruction Flag 

C OV AC C OV AC 
ADD X X X CLRC 0 
ADDC X X X CPLC X 
SUBB X X X ANLC,bit X 
MUL 0 X ANLC,Ibit X 
DIV 0 X ANLC,bit X 
DA X ORLC,Ibit X 
RRC X MOV C,bit X 
RLC X CJNE X 
SETBC 1 

(1)Note that operations on SFR byte address 208 or bit addresses 209-215 (i.e., the PSW or bits in the PSW) will also affect flag settings. 

Rn 

direct 

Notes on instruction set and addressing modes: 

Register R7-RO 01 the currently selected Register Bank. 

8-bit internal data location's address. This could be an Internal Data RAM location (0-127) or a SFR [i.e., 1/0 port, 
oantrol register, status register, etc. (128-255)]. 

@Ri 

#data 

#data 16 

addr 16 

8-bit internal data RAM location (0-255) addressed indirectly through register Rl or RO. 

8-bit constant included in the instruction. 

16-bit oanstant included in the instruction 

16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program 
Memory address space. 

addr 11 

rei 

bit 

II-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bitoffset byte. Used by SJMP and all oanditional jumps. Range is -128 to + 127 
bytes relative to first byte of the following instruction. 

Direct Addressed bit in Internal Data RAM or Special Function Register. 

DESCRIPTION BYTE 
OSCILLATOR 

PERIOD MNEMONIC 

ARITHMETIC OPERATIONS 

ADD A,Rn 

ADD A,direct 

ADD A,@Ri 

ADD A,#data 

ADDC A,Rn 

ADDC A,direct 

ADDC A,@Ri 

ADDC A,#data 

SUBB A,Rn 

SUBB A,direct 

SUBB A,@Ri 

SUBB A,#data 

INC A 

INC Rn 
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Add register to Accumulator 

Add direct byte to Accumulator 

Add indirect RAM to Accumulator 

Add immediate data to Accumulator 

Add register to Accumulator with carry 

Add direct byte to Accumulator with carry 

Add indirect RAM to Accumulator with carry 

Add immediate data to Ace with carry 

Subtract Register from Ace with borrow 

Subtract direct byte from Ace with borrow 

Subtract indirect RAM from Ace with borrow 

Subtract immediate data from Ace with borrow 

Increment Accumulator 

I ncrement register 

60 

1 12 

2 12 

1 12 

2 12 

1 12 

2 12 

1 12 

2 12 

1 12 

2 12 

1 12 

2 12 

1 12 

1 12 
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For this purpose, nmer 1 is used in mode 2 (Auto-Reload). Refer to Timer Setup section of this chapter. 

Baud Rate = K x Osc Freq 
32 x 12 x [256 - (THill 

If SMOD = 0, then K = 1. 
It SMOD = I, then K = 2 (SMOD is in the PCON register). 

Most of the time the user knows the baud rate and needs to know the reload value for THI. 

THI = 256 _ K x Osc Freq 
384 x baud rate 

THI must be an integer value. Rounding off TH 1 to the nearest integer may not produce the desired baud rate. In this case, the 
user may have to choose another crystal frequency. 

Since the PCON register is not bit addressable, one way to set the bit is logical ~Ring the PCON register (i.e., ORL 
PCON,#80H). The address of PCON is 87H. 

SERIAL PORT IN MODE 2: 

The baud rate is fixed in this mode and is 1/32 or 1/64 of the oscillator frequency, depending on the value of the SMOD bit in the 
PCON register. 

In this mode none of the Timers are used and the clock comes from the internal phase 2 clock. 

SMOD = I, Baud Rate = 1132 Osc Freq. 

SMOD = 0, Baude Rate = 1/64 Osc Freq. 

To set the SMOD bit: ORL PCON,#80H. The address of PCON is 87H. 

SERIAL PORT IN MODE 3: 

The baud rate in mode 3 is variable and sets up exactly the same as in mode 1. 
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SCaN: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE. 

I SMO 

SMO 

SMl 

SM2 

REN 

TBB 

RBB 

TI 

RI 

NOTE 1: 

SMO 
0 
0 

SM1 I SM2 I REN I TB8 I RB8 I TI RI 

SCON.? 

SCON.6 

SCON.S 

SCON.4 

SCON.3 

SCON.2 

SCON.1 

SCON.O 

SM1 
0 

0 

Serial Port mode specifier. (NOTE 1) 

Serial Port mode specifier. (NOTE 1) 

Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, if SM2 is setto 1 then 
RI will not be activated if the received 9th data bit (RBB) is o. In mode 1, if SM2 = 1 then RI will not be 
activated if a valid stop bit was not received. In mode 0, SM2 should be o. (See Table 6.) 

Set/Cleared by software to Enable/Disable reception. 

The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software. 

In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2 = 0, RBB is the stop bit that was 
received. In mode 0, RBB is not used. 

Transmit interrupt flag. Set by hardware at the end of the Bth bittime in mode 0, or at the beginning of the 
stop bit in the other modes. Must be cleared by software. 

Receive interrupt flag. Set by hardware at the end of the Bth bit time in mode 0, or halfway through the 
stop bit time in the other modes (except see SM2). Must be cleared by software. 

Mode Description Baud Rate 
0 Shift Register Fosc/12 
1 8-bit UART Variable 
2 9-bit UART Fosc.!64 or Foscl32 
3 9-bit UART Variable 

SERIAL PORT SET-UP: 

Table 6. 

MODE 

0 
1 
2 
3 

0 
1 
2 
3 

GENERATING BAUD RATES 

Serial pon in Mode 0: 

SCON 

10H 
50H 
90H 
DOH 

NA 
70H 
BOH 
FOH 

SM2 VARIATION 

Single Processor 
Environment 
(SM2=O) 

Multiprocessor 
Environment 
(SM2= 1) 

Mode 0 has a fixed baud rate which is 1112 of the oscillator frequency. To run the serial port in this mode none of the 
Timer/Counters need to be set up. Only the SCON register needs to be defined. 

Baud Rate = osc1 :req 

Serial pon in Mode 1 : 

Mode 1 has a variable baud rate. The baud rate is generated by Timer 1. 
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TIMER/COUNTER 1 

Table 4. AS a Timer: 

MODE TIMER 1 
FUNCTION 

0 l3-bit Timer 

1 16-bit Timer 

2 8-bit Auto-Reload 

3 Does not run 

TableS. As a Counter: 

MODE COUNTER 1 
FUNCTION 

0 13-bit Timer 

1 l6-bit Timer 

2 8-bit Auto-Reload 

3 Not available 

NOTES: 
1. The timer is turned ON/OFF by setting/clearing bit TR 1 in the software. 

80C51 family programmer's guide 
and instruction set 

TMOD 

INTERNAL EXTERNAL 
CONTROL CONTROL 
(NOTE 1) (NOTE 2) 

OOH 80H 

10H 90H 

20H AOH 

30H SOH 

TMOD 

INTERNAL EXTERNAL 
CONTROL CONTROL 
(NOTE 1) (NOTE 2) 

40H COH 

50H DOH 

60H EOH 

- -

2. The Timer is turned ON/OFF by the 1-10-0 transition on JJiITT (P3.2) when TRl = 1 (hardware control). 
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Tables 2 through 5 give some values for TMOD which can be used to set up Timer 0 in different modes. 

It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any mode, the 
value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6). 

For example, if it is desired to run Timer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 COUNTER, then the value 
that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 

Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different point in the 
program by setting bit TRx (in TCON) to 1. 

TIMER/COUNTER 0 

Table 2. As a Timer: 

TMOD 

MODE TIMER 0 INTERNAL EXTERNAL 
FUNCTION CONTROL CONTROL 

(NOTE 1) (NOTE 2) 

0 13-bit limer OOH OBH 

1 16-bit limer 01H 09H 

2 B-bit Auto-Reload 02H OAH 

3 Two B-bit limers 03H OBH 

Table 3. As a Counter: 

TMOD 

MODE COUNTER 0 INTERNAL EXTERNAL 
FUNCTION CONTROL CONTROL 

(NOTE 1) (NOTE 2) 

0 13-bit limer 04H OCH 

1 16-bit limer 05H ODH 

2 8-bit Auto-Reload 06H OEH 

3 One B-bit Counter 07H OFH 

NOTES: 
1. The timer is turned ON/OFF by setting/clearing bit TRO in the software. 
2. The limer is turned ON/OFF by the l-to-O transition on TIiIm (P3.2) when TRO = 1 (hardware control). 
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TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE. 

I TFl TAl 

TFl TCON.7 

TRl TCON.6 

TFO TCON.5 

TRO TCON.4 

lEI TCON.3 

ITI TCON.2 

lEO TCON.l 

ITO TCON.O 

TFO I TRO I IEl ITl lEO ITO 

Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hardware as 
processor vectors to the interrupt service routine. 

Timer 1 run control bit. SeVcleared by software to turn Timer/Counter ION/OFF. 

Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as 
processor vectors to the service routine. 

Timer 0 run control bit. SeVcleared by software to turn Timer/Counter 0 ON/OFF. 

External Interrupt 1 edge flag. Set by hardware when External Interrupt edge is detected. Cleared by 
hardware when interrupt is processed. 

Interrupt 1 type control bit. SeVcleared by software to specify falling edgellow level triggered External 
Interrupt. 

External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared by 
hardware when interrupt is processed. 

Interrupt 0 type control bit. SeVcleared by software to specify falling edgellow level triggered External 
Interrupt. 

TMOD: TIMERfCOUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE. 

I GATE CIT I M1 MO I GATE I CIT Ml MO I 
'- ~-----------~/ '--------------~-----------~/ 

limer 1 TImer 0 

GATE When TRx (in TCON) is set and GATE = 1, TIMERlCOUNTERx will run only while INTx pin is high (hardware control). 
When GATE = 0, TIMERlCOUNTERx will run only while TRx = 1 (software control). 

CIT Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Counter operation 
(input from Tx input pin). 

Ml Mode selector bit. (NOTE 1) 

MO Mode selector bit. (NOTE 1) 

NOTE 1: 

M1 
o 
o 
1 
1 
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MO 
o 
1 
o 
1 

Operating Mode 
o 13-bitTimer (8048 compatible) 
1 16-bitTimer/Counter 
2 8-bit Auto-Reload Timer/Counter 
3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standart Timer 0 

control bits. THO is an8-bitTimer and is controlled by Timer 1 control bits. 
3 (Timer 1) Timer/Counter 1 stopped. 
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ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS: 

In order to assign higher priority to an interrupt the corresponding bit in the IP register must be set to 1. 

Remember that while an interrupt service is in progress, it cannot be interrupted by a lower or same level interrupt. 

PRIORITY WITHIN LEVEL: 

Priority within level is only to resolve simultaneous requests of the same priority level. 

From high to low, interrupt sources are listed below: 

lEo 
TFa 
lEI 
TFI 
RlorTI 

IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupt has a higher priority. 

PS PTI PXl I PTa pxa 

IP.l Not implemented, reserved for future use: 

IP.6 Not implemented, reserved for luture use: 

IP.5 Not implemented, reserved for future use: 

PS IP.4 Defines the Serial Port interrupt priority level. 

PTI IP.3 Delines the Timer 1 interrupt priority level. 

PXl IP.2 Defines External Interrupt 1 priority level. 

PTa IP.l Defines the Timer a interrupt priority level. 

pxa IP.a Defines the External Interrupt a priority level. 

• User software should not write Is to reserved bits. These bits may be used in future aOC51 products to invoke new features. 
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To use any of the interrupts in the BOC51 Family, the following three steps must be taken. 

1. Set the EA (enable all) bit in the IE register to 1. 

2. Set the corresponding individual interrupt enable bit in the IE register to 1. 

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 

INTERRUPT SOURCE VECTOR ADDRESS 

lEO 0003H 

TFO OOOBH 

lEI 0013H 

TFI 00IBH 

RI&TI 0023H 

In addition, for external interrupts, pins INTO and INTl (P3.2 and P3.3) must be set to 1, and depending on whether the interrupt 
is to be level or transition activated, bits ITO or ITl in the TCON register may need to be set to 1. 

ITx = ° level activated 

ITx = 1 transition activated 

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled. 

EA 

EA 

ES 

ETl 

EXl 

ETO 

EXO 

IE.7 

ES I ET1 I EX1 I ETO I EXO 

Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, each interrupt source is 
individually enabled or disabled by setting or clearing its enable bit. 

1E.6 Not implemented, reserved for future use: 

IE.5 Not implemented, reserved for future use: 

IE.4 

1E.3 

IE.2 

IE.l 

lE.O 

Enable or disable the serial port interrupt. 

Enable or disable the Timer 1 overflow interrupt. 

Enable or disable External Interrupt 1. 

Enable or disable the Timer ° overflow interrupt. 

Enable or disable External Interrupt O. 

• User software should not write 1 s to reserved bits. These bits may be used in future BOC51 products to invoke new features. 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit is 
provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE. 

CY AC 

CY PSW.7 

AC PSW.6 

FO PSW.5 

RS1 PSW.4 

RSO PSW.3 

OV PSW.2 

PSW.1 

FO I RS1 RSO ov 

Carry Flag. 

Auxiliary Carry Flag. 

Flag 0 available to the user for general purpose. 

Register Bank selector bit 1 (SEE NOTE 1). 

Register Bank selector bit 0 (SEE NOTE 1). 

Overflow Flag. 

Usable as a general purpose flag. 

P 

P PSW.O Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of '1' bus in 
the accumulator. 

NOTE: 
1. The value presented by RSO and RSI selects the corresponding register bank. 

RS1 RSO REGISTER BANK ADDRESS 

0 0 0 OOH-07H 

0 1 1 OBH-OFH 

1 0 2 10H-17H 

1 1 3 lBH-1FH 

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE. 

I SMOO I I GF1 I GFO I PO IOL 

SMOD Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1, the baud rate is doubled when the Serial 
Port is used in modes 1, 2, or 3. 

Not implemented, reserved for future use" 

Not implemented reserved for future use.· 

Not implemented reserved for future use.· 

GF1 General purpose flag bit. 

GFO General purpose flag bit. 

PO Power Down Bit. Setting this bit activates Power Down operation in the BOC51. (Available only in CMOS.) 

IDL Idle mode bit. Setting this bit activates Idle Mode operation in the BOC51 . (Available only in CMOS.) 

If 1 s are written to PO and IOL at the same time, PO takes precedence. 

• User software should not write 1 s to reserved bits. These bits may be used in future 8051 products to invoke new features. 
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P2 
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Pl 
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8 Bytes 
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PCON 

FF 

F7 

EF 

DF 

D7 

CF 

C7 

BF 

B7 

AF 

A7 

9F 

97 

8F 

87 

Figure 4. SFR Memory Map 
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Table 1. BOC51 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOl, OR ALTERNATIVE PORT FUNCTION 

RESET VALUE ADDRESS MSB LSB 

ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B* B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR Data pointer (2 bytes) 

DPH Data pointer high 83H OOH 

DPL Data pointer low 82H OOH 

AF AE AD AC AB AA A9 A8 

IE* Interrupt enable A8H EA I - I - I ES I ETI I EXI I ETO I EXO OxOOOOOOB 

BF BE BD BC B8 BA 89 B8 

IP' Interrupt priority B8H - I - I - I PS I PT1 I PXl I PTO I PXO xxOOOOOOB 

87 86 85 84 83 82 81 80 

PO* PortO 80H AD7 I AD6 I AD5 I AD4 I AD3 I AD2 I ADI I ADO FFH 

97 96 95 94 93 92 91 90 

Pl' Port 1 90H - I - I - I - I - I - I T2EX I T2 FFH 

A7 A6 A5 A4 A3 A2 Al AO 

P2' Port 2 AOH A15 I A14 I A13 I A12 I All I Al0 I A9 I A8 FFH 

B7 B6 B5 B4 B3 B2 Bl BO 

P3' Port 3 BOH RO"IWRI Tl I TO I rrm I Tf.lTO I TxD I Rxd FFH 

PCON1 Power control 87H SMOD I - I - I - I GFI I GFO I PD I IDL OxxxxxxxB 

D7 D6 D5 D4 D3 D2 Dl DO 

PSW' Program status word DOH CY I AC I FO I RSI I RSO I OV I - I P OOH 

SBUF Serial data buffer 99H xxxxxxxxB 

9F 9E 9D 9C 9B 9A 99 98 

SCON* Serial controller 98H SMO I SMI I SM2 I REN I TB8 I RB8 I TI I RI OOH 

SP Stack pointer 81H 07H 

8F 8E 8D 8C 88 8A 89 88 

TCON* limer control 88H TFl I TRl I TFO I TRO I lEI I ITI J lEO 1 ITO 

THO limer high 0 8CH OOH 

THl limerhigh 1 8DH OOH 

TLO limerlow 0 8AH OOH 

TL1 limerlow 1 88H OOH 

TMOD limermode 89H GATE I CiT I Ml I MO I GATE I crr I Ml I MO OOH 

NOTES: 
• 8it addressable 
1. Bits GF1, GFO, PD, and IDL of the PCON register are not implemented on the NMOS 8051/8031. 
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Figure 2_ 80C51 Data Memory 
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Figure 3. 128 Bytes of RAM Direct and Indirect Addressable 
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INSTRUCTION SET 

Memory Organization 

Program Memory 
The BOG51 has separate address spaces for 
program and data memory. The Program 
memory can be up to 64k bytes long. The 
lower 4k can reside on-chip. Figure 1 shows 
a map of the 80G51 program memory. 

The 80G51 can address up to 64k bytes of 
data memory to the chip. The MOVX 
instruction is used to access the external data 
memory. 

The BOG51 has 128 bytes of on-chip RAM, 
plus a number of Special Function Registers 
(SFRs). The lower 128 bytes of RAM can be 
accessed either by direct addressing (MOV 
data addr) or by indirect addressing (MOV 
@Ri). Figure 2 shows the Data Memory 
organization. 

FFFF 

1000 

OFFF 

0000 

March 1993 

60k 
Byte. 

External 

And 

4k ByleS 
Internal 

80C51 family programmer's guide 
and instruction set 

Direct and Indirect Address Area 
The 128 bytes of RAM which can be 
accessed by both direct and indirect 
addressing can be divided into three 
segments as listed below and shown in 
Figure 3. 
1. Register Banks 0-3: Locations 0 through 

1 FH (32 bytes). The device after reset 
defaults to register bank o. To use the 
other register banks, the user must select 
them in software. Each register bank 
contains eight 1-byte registers 0 through 
7. Reset initializes the stack pointer to 
location 07H, and it is incremented once 
to start from location 08H, which is the 
first register (RO) of the second register 
bank. Thus, in order to use more than one 
register bank, the SP should be initialized 
to a different location of the RAM where it 
is not used for data storage (i.e., the 
higher part of the RAM). 

2. Bit Addressable Area: 16 bytes have been 
aSSigned forthis segment, 20H-2FH. 

FFFF 

__ Or _ 

0000 

Figure 1. 8OCS1 Program Memory 
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Each one of the 128 bits of this segment 
can be directly addressed (0-7FH). The 
bits can be referred to in two ways, both 
of which are acceptable by most 
assemblers. One way is to refer to their 
address (i.e., 0-7FH). The other way is 
with reference to bytes 20H to 2FH. Thus, 
bits 0-7 can also be referred to as bits 
20.0-20.7, and bits 8-FH are the same as 
21.Q..21.7, and so on. Each of the 16 
bytes in this segment can also be 
addressed as a byte. 

3. Scratch Pad Area: 30H through 7FH are 
available to the user as data RAM. 
However, if the stack pointer has been 
initialized to this area, enough bytes 
should be left aside to prevent SP data 
destruction. 

Figure 2 shows the different segments of the 
on-chip RAM. 

64k 
Byte. 

External 
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(Mode 0), 
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80C51 family hardware description 

I State 4 I State 5 I Stale 6 I Stale 1 I State 2 I Stale 3 I State 4 I Stille 5 I 
P1 I P2 p, I P2 p, I P2 p, I P2 p, I P2 p, I P2 p, I P2 P' I P2 

PCHor 
P2SFR 

DPLorRi 
Out 

Data Out 

DPH or P2 SFR Out 

Figure 33. External Data Memory Write Cycle 

L 
peL Out if Program 

l#t-~-
PCHor 
P2SFR 

I State 4 I State 5 I State 6 I State 1 I State 2 I State 3 I State 4 I Stale 5 I 
P11P2 P11P2 P11P2 P11P2 P11P2 P11P2 P11P2 P11P2 

--Lb PO,Pl 

~ P2,P3,RST 

Old Data 

r RXD Pin Sampled 

POP1-~ 

P2,P3'RST~ 

New Data 

~-----,I 
RXD Sampled -----I J----

Figure 34. Port Operation 
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I State 1 I State 2 I State 3 I Slate 4 I Stale 5 I State 6 I State 1 I State 2 I 
P1 I P2 P1 I P2 P1 I P2 P1 I P2 P1 I P2 P1 I P2 P1 I P2 P1 I P2 

PCH Out PCH Out 

Figure 31. External Program Memory Fetches 

L 
L 

PCHOut 

I Slate 4 I State 5 I Slate 6 I Slate 1 I State 2 I State 3 I State 4 I State 5 I 
P11P2 P1 Ip2 P11P2 PlI P2 P11 P2 P11 P2 P11 P2 P11 P2 

L 
pel OUt if Program 

_____ : __ D_p~_~_r_R_1 _.l... ....... r--D.-t.-Sa-m-pl-ed-R-o~-t-+--+t--R-O-.t-_D~ 
PCHor 
P2SFR 

DPH or P2 SFR Out 

Figure 32. External Data Memory Read Cycle 
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02 

PO 

80C51 family hardware description 

Vee 

Rt 

----0 XTA12 

Q3 

n 
I Q4 n 

vss 

Figure 28. On-Chip Oscillator Circuitry in the CMOS Version of the 80C51 Family 

To internal 
timing circuits 

VCC 

BOC51 - XTAl1 - - XTA12 - -
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t------lDI-------~ 

Cl e2 

Figure 29. Using the CMOS On-Chip Oscillator 

8OC51 

NC --- XTA12 

External -tr Oscillator . 
Signal 

CMOS Gate 

---- XTAl1 

J-L..._V_s_S __ 

Quartz Crystal or 
Ceramic Resonator 

Figure 30. Driving the CMOS Family Parts with an External Clock Source 
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External 
Oscillator 
Signal 

TTL Gate with 
Totem-Pole Output 

Vee 

8051 

XTAL2 

XTAL1 

~ Vss 
'-------

Figure 21. Driving the NMOS 8051 Family Parts with an External Clock 

Internal Timing 
Figures 31 through 34 show when the various 
strobe and port signals are clocked internally. 
The figures do not show rise and fall times of 
the signals, nor do they show propagation 
delays between the XTAL2 signal and events 
at other pins. 

Rise and fall times are dependent on the 
external loading that each pin must drive. 
They are often taken to be something in the 
neighborhood of 10ns, measured between 
O.SV and 2.0V. 

Propagation delays are different for different 
pins. For a given pin they vary with pin 
loading, temperature, Vee, and 
manufacturing lot. If the XTAL2 waveform is 
taken as the timing reference, prop delays 

may vary up to ±200%. 

The AC Timings section of the data sheets do 
not reference any timing to the XTAL2 
waveform. Rather, they relate the critical 
edges of control and input signals to each 
other. The timings published in the data 
sheets include the effects of propagation 
delays under the specified test conditions. 

80C51 Pin Descriptions 
ALEIPROG: Address Latch Enable output 
pulse for latching the low byte of the address 
during accesses to external memory. ALE is 
emitted at a constant rate of 1/6 of the 
oscillator frequency, for external timing or 
clocking purposes, even when there are no 
accesses to external memory. (However, one 
ALE pulse is skipped during each access to 
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external Data Memory.) This pin is also the 
program pulse input (PROG) during EPROM 
programming. 

l'SEN: Program Store Enable is the read 
strobe to external Program Memory. When 
the device is executing out of external 
Program Memory, PSrn is activated twice 
each machine cycle (except that two PSrn 
activations are skipped during accesses to 
external Data Memory). PSrn is not 
activated when the device is executing out of 
internal Program Memory. 

ElI:Npp: When Ell: is held high the CPU 
executes out of internal Program Memory 
(unless the Program Counter exceeds OFFFH 
in the SOC51). Holding fA low forces the 
CPU to execute out of external memory 
regardless of the Program Counter value. In 
the BOC31 , fA must be externally wired low. 
In the EPROM devices, this pin also receives 
the programming supply voltage (Vpp) during 
EPROM programming. 

XTAL 1: Input to the inverting oscillator 
amplifier. 

XTAL2: Output from the inverting oscillator 
amplifier. 

Port 0: Port 0 is an S-bit open drain 
bidirectional port. As an open drain output 
port, it can sink eight LS TIL loads. Port a 
pins that have 1 s written to them float, and in 
that state will function as high impedance 
inputs. Port a is also the multiplexed 
low-order address and data bus during 
accesses to external memory. In this 
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application it uses strong internal pullups 
when emitting 1 s Port a emits code bytes 
during program verification. In this 
application, external pullups are required. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port 
with internal pullups. Port 1 pins that have 1 s 
written to them are pulled high by the internal 
pullups, and in that state can be used as 
inputs. As inputs, port 1 pins that are 
externally being pulled low will source current 
because of the internal pullups. 

Port 2: Port 2 is an B-bit bidirectional 1/0 port 
with internal pull ups. Port 2 emits the 
high-order address byte during accesses to 
external memory that use 16-bit addresses. 
In this application, it uses the strong internal 
pull ups when emitting 1 s. 

Port 3: Port 3 is an S-bit bidirectional 1/0 port 
with internal pullups. It also serves the 
functions of various special features of the 
SOC51 Family as follows: 

Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 

P3.7 

Alternate Function 
RxD (serial input port) 
TxD (serial output port) 
Tf\ITIj (external interrupt 0) 
lNTf (external interrupt 1) 
TO (timer a external input) 
T1 (timer 1 external input) 
WR (external data memory 
write strobe) 
FID (external data memory 
read strobe) 

Vee: Supply voltage 

Vss: Circuit ground potential 
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NMOS Version 
The on-chip oscillator circuitry for the 
NMOSmembers of the 80C51 family is a 
single stage linear inverter (Figure 25), 
intended for use as a crystal-controlled, 
positive reactance oscillator (Figure 26). In 
this application the crystal is operated in its 
fundamental response mode as an inductive 
reactance in parallel resonance with 
capacitance external to the crystal. 

The crystal specifications and capacitance 
values (C 1 and C2 in Figure 26) are not 
critical. 30pF can be used in these positions 
at any frequency with good quality crystals. A 
ceramic resonator can be used in place of the 
crystal in cost-sensitive applications. When a 
ceramic resonator is used, Cl and C2 are 
normally selected to be of somewhat higher 
values, typically, 47pF. The manufacturer of 
the ceramic resonator should be consulted for 
recommendation on the values of these 
capacitors. 

80C51 family hardware description 

To drive the NMOS parts with an external 
clock source, apply the external clock signal 
to XTAL2, and ground XTAL 1, as shown in 
Figure 27. A pullup resistor may be used (to 
increase noise margin), but is optional if VOH 

of the driving gate exceeds the V1H minimum 
specification of XTAL. 

CMOS Versions 
The on-chip oscillator circuitry for the 80C51 , 
shown in Figure 28, consists of a single stage 
linear inverter intended for use as a 
crystal-controlled, positive reactance 
oscillator in the same manner as the NMOS 
parts. However, there are some important 
differences. 

One difference is that the 80C51 is able to 
turn off its oscillator under software control 
(by writing a 1 to the PO bit in PCON). 
Another difference is that, in the 80C51, the 
internal clocking circuitry is driven by the 
signal at XTAL 1, whereas in the NMOS 
versions it is by the signal at XTAL2. 

The feedback resistor Rt in Figure 28 
consists of paralleled n- and p-channel FETs 
controlled by the PO bit, such that Rf is 
opened when PO = 1. The diodes 01 and 02, 
which act as clamps to Vcc and Vss, are 
parasitic to the Rf FETs. The oscillator can be 
used with the same external components as 
the NMOS versions, as shown in Figure 29. 
Typically, Cl = C2 = 30pF when the feedback 
element is a quartz crystal, and Cl = C2 = 
47pF when a ceramic resonator is used. 

To drive the CMOS parts with an external 
clock source, apply the external clock signal 
to XTAL 1, and leave XTAL2 float, as shown 
in Figure 30. 

The reason for this change from the way the 
NMOS part is driven can be seen by 
comparing Figures 26 and 28. In the NMOS 
devices the internal timing circuits are driven 
by the signal at XTAL2. In the CMOS devices 
the internal timing circuits are driven by the 
signal at XTAL 1. 

Tointemal r_ rU:. r~:,:~ 
XTAll ~\r _________ J--< ... -_· __ 02 _________ -l1 O. 

y, [i~ ----i", 

Vss 

8051 - -
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Figure 25. On-Chip Oscillator in the NMOS Version of the 8051 Family 

02 

XTAl1 -

0 
c. Of C2 

To internal 
timing circuits 

XTAl2 

Figure 26, Using the NMOS On-Chip Oscillator 

43 

Quartz Crystal or 
Ceramic Resonator 



Phlips Semiconductors 80C51-Based 8-Bit Microcontrollers 

80C51 Family 80C51 family hardware description 

101'1 =;: vccJ 
XTAL2 XTAl1 

8OC51 

RST 

I-"--D~ 
TimerBlocka 

.2kn 

vss cPU 

= JD[ 

Figure 22. Power·On Reset Circuit Figure 23. Idle and Power Down Hardware 

Symbol 

SMOD 

GF1 

GFO 

PD 

IDL 

(1IS9) 

ISMOOI - I 
Position 

PCON.7 

PCON.& 

PCON.5 

PCONA 

PCON.3 

PCON.2 

PCON.1 

PCON.O 

- I 
(LSB) 

GFl GFO I PO IOL I 
Name and Function 

Double Baud rate bit. When set to • 1 and Timer 1 i. ueed to gen· 
erale baud rate, and the Serial Port is used in modes " 2. or 3. 

Reserved. -. 
Reserved. 

General-purpose flag bit 

General-purpose ftag bit 

Power..l)own bit. Setting this bit activate. po1lller-down operation. 

Idle mode bit. Setting this bit activaaes idle mode operation. 

If 1. are written to PO .nclIDL at the same time. PO take. precedence. The reset value of PCON I. (OXXXOOOO).ln the NMOS 
devices, the PCON register only containe SMOO. The other tow bits are i~ only in the CMOS devices. User aoftware 
ahoU.d never write 1. to I81implemented bits" since they may be used in future producta.. 

The signal at the RST pin clears the IDL bit 
directly and asynchronously. At this time the 
CPU resumes program execution from where 
it left off; that is, at the instruction following 
the one that invoked the Idle Mode. As shown 
in Figure 21, two orthree machine cycles of 
program execution may take place before the 
internal reset algorithm takes control. On-chip 
hardware inhibits access to the internal RAM 
during this time, but access to the port pins is 
not inhibited, so, the insertion of 3 NOP 
instructions is recommended following the 
instruction that invokes idle mode. To 
eliminate the possibility of unexpected 
oUlputs at the port pins, the instruction 
following the one that invokes Idle should not 
be one that writes to a port pin or to external 
Data RAM. 

Power-Down Mode 
An instruction that sets PCON.l causes that 
to be the last instruction executed before 
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Figure 24. Power Control (peON) Register 

going into the Power Down mode. In the 
Power Down mode, the on-chip oscillator is 
stopped. With the clock frozen, all functions 
are stopped, the contents of the on-chip RAM 
and Special Function Registers are 
maintained. The port pins oulput the values 
held by their respective SFRs. The ALE and 
PSEIiI oulput are held low. 

The only exit from Power Down is a hardware 
reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 

In the Power Down mode of operation, Vee 
can be reduced to as low as 2V. Care must 
be taken, however, to ensure that Vee is not 
reduced before the Power Down mode is 
invoked, and that Vee is restored to its 
normal operating level, before the Power 
Down mode is terminated. The reset that 
terminates Power Down also frees the 
oscillator. The reset should not be activated 
before Vee is restored to its normal operating 
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level, and must be held active long enough to 
allow the oscillator to restart and stabilize 
(normally less than lams). 

ONCE Mode 
The ONCE ("on-circuit emulation") mode 
facilitates testing and debugging of systems 
using the device without the device having to 
be removed from the circuit. The ONCE 
mode is invoked by: 
1. Pull ALE low while the device in in reset 

and'l'SE'1'l is high; 

2. Hold ALE low as RST is deactivated. 

While the device is in the ONCE mode, the 
Port a pins go into a float state, and the other 
port pins and ALE and PSEIiI are weakly 
pulled high. The oscillator circuit remains 
active. While the device is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored after 
a normal reset is applied. 
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J.------- 12 Osc. Period. --------i 
1 ss 1 56 1 s. 1 52 1 531 541 ss 1 561 s. 1 S2 1 531 541 ss 1 561 s. 1 52 1 531 941 

RST: JIIIIII//It 

ALE: 

1'0: 

'--y-', 

SompleRST 

Table 1. 80C51 SFR Reset Values 

REGISTER RESET VALUE 

PC OOOH 
ACC OOH 
B OOH 
PSW OOH 
SP 07H 
DPTR OOOOH 
PO-P3 FFH 
IP XXXOOOOOB 
IE OXXOOOOOB 
TMOD OOH 
TCON OOH 
THO OOH 
TLO OOH 
THI OOH 
TL1 OOH 
SCON OOH 
SBUF Indeterminate 
PCON(NMOS) OXXXXXXXB 
PCON(CMOS) OXXXOOOOB 

Power-on Reset 
An automatic reset can be obtained when 
Vee is turned on by connecting the RST pin 

to Vee through a 1 Ollf capacitor and to V 55 

through an B.2k resistor, providing the Vee 
rise time does not exceed 1 millisecond and 
the oscillator start-up time does not exceed 
10 milliseconds. This power-on reset circuit is 
shown in Figure 22. The CMOS devices do 
not require the B.2k pulldown resistor, 
although its presence does no harm. 

When power is turned on, the circuit holds 
the RST pin high for an amount of time that 
depends on the value of the capacitor and the 

March 1993 

SompIeRST 

Figure 21. Reset Timing 

rate at which it charges. To ensure a good 
reset, the RST pin must be high long enough 
to allow the oscillator time to start-up 
(normally a few ms) plus two machine cycles. 

Note that the port pins will be in a random 
state until the oscillator has started and the 
internal reset algorithm has written Is to 
them. 

With this circuit, reducing Vee quickly to 0 
causes the RST pin voltage to momentarily 
fall below OV. However, this voltage is 
internally limited, and will not harm the 
device. 

Power-Saving MOdes of 
Operation 
For applications where power consumption is 
critical the CMOS version provides power 
reduced modes of operation as a standard 
feature. The power down mode in NMOS 
devices is no longer a standard feature. 

CMOS Power Reduction Mode 
CMOS versions have two power reducing 
modes, Idle and Power Down. The input 
through which backup power is supplied 
during these operations is Vee. Figure 23 
shows the internal circuitry which implements 
these features. In the Idle modes (IDL ~ 1), 
the oscillator continues to run and the 
Interrupt, Serial Port, and Timer blocks 
continue to be clocked, but the clock signal is 
gated off to the CPU. In Power Down (PD ~ 
1), the oscillator is frozen. The Idle and 
Power Down Modes are activated by setting 
bits in Special Function Register PCON. The 
address of this register is B7H. Figure 24 
details its contents. 
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1nIema11le_ Signal 

In the NMOS devices the PCON register only 
contains SMOD. The other four bits are 
implemented only in the CMOS devices. User 
software should never write 1 s to 
unimplemented bits, since they may be used 
in other BOCSl Family products. 

Idle Mode 
An instruction that sets PCON.O causes that 
to be the last instruction executed before 
going into the Idle mode, the internal clock 
signal is gated off to the CPU but not to the 
Interrup~ limer, and Serial Port functions. 
The CPU status is preserved in its entirety; 
the Stack Pointer, Program Counter, Program 
Status Word, Accumulator, and all other 
registers maintain their data during Idle. The 
port pins hold the logical states they had at 
the time Idle was activated. ALE and PS"EN 
hold at logic high levels. 

There are two ways to tenminate the Idle. 
Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware, 
terminating the Idle mode. The interrupt will 
be serviced, and following RETI, the next 
instruction to be executed will be the one 
following the instruction that put the device 
into Idle. 

The flag bits GFO and GF1 can be used to 
give an indication if an interrupt occurred 
during normal operation or during an Idle. For 
example, an instruction that activates Idle can 
also set one or both flag bits. When Idle is 
terminated by an interrupt, the interrupt 
service routine can examine the flag bits. The 
other way of terminating the Idle mode is with 
a hardware reset. Since the clock oscillator is 
still running, the hardware reset needs to be 
held active for only two machine cycles (24 
oscillator periods) to complete the reset. 
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This is the fastest possible response when C2 is the final cycle of an instruction other than REll or an access to IE or IP. 

External Interrupts 
The external sources can be programmed to 
be level-activated or transition-activated by 
setting or clearing bit ITl or ITO in Register 
TCON. If ITx ~ O. external interrupt x is 
triggered by a detected low at the INTx pin. If 
ITx ~ 1, external interrupt x is edge triggered. 
In this mode if successive samples of the 
INTx pin show a high in one cycle and a low 
in the next cycle, interrupt request flag lEx in 
TCON is set. Flag bit I Ex then requests the 
interrupt. 

Since the external interrupt pins are sampled 
once each machine cycle, an input high or 
low should hold for at least 12 oscillator 
periods to ensure sampling. If the external 
interrupt is transition-activated, the external 
source has to hold the request pin high for at 
least one cycle, and then hold it low for at 
least one cycle. This is done to ensure that 
the transition is seen so that interrupt request 
flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine 
is called. 

If the external interrupt is level-activated, the 
external source has to hold the request active 
until the requested interrupt is actually 
generated. Then it has to deactivate the 
request before the interrupt service routine is 
completed, or else another interrupt will be 
generated. 

Response Time 
The TNTO and TIiITT levels are inverted and 
latched into lEO and IEl at S5P2 of every 
machine cycle. The values are not actually 
polled by the circuitry until the next machine 
cycle. If a request is active and conditions are 
right for it to be acknowledged, a hardware 
subroutine call to the requested service 
routine will be the next instruction to be 
executed. The call itself takes two cycles. 
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Figure 20. Interrupt Response Timing Diagram 

Thus, a minimum of three complete machine 
cycles elapse between activation of an 
external interrupt request and the beginning 
of execution of the first instruction of the 
service routine. Figure 20 shows interrupt 
response timings. 

A longer response time would result if the 
request is blocked by one of the 3 previously 
listed conditions. If an interrupt of equal or 
higher priority level is already in progress, the 
additional wait time obviously depends on the 
nature of the other interrupt's service routine. 
If the instruction in progress is not in its final 
cycle, the additional wait time cannot be more 
the 3 cycles, since the longest instructions 
(MUL and DIV) are only 4 cycles long, and if 
the instruction in progress is RETI or an 
access to IE or IP, the additional wait time 
cannot be more than 5 cycles (a maximum of 
one more cycle to complete the instruction in 
progress, plus 4 cycles to complete the next 
instruction if the instruction is MUL or DIV). 

Thus, in a single-interrupt system, the 
response time is always more than 3 cycles 
and less than 9 cycles. 

Single-Step Operation 
The BOC51 interrupt structure allows 
single-step execution with very little software 
overhead. As previously noted, an interrupt 
request will not be responded to while an 
interrupt of equal priority level is still in 
progress, nor will it be responded to after 
RETI until at least one other instruction has 
been executed. Thus, once an interrupt 
routine has been entered, it cannot be 
re-entered until at least one instruction of the 
interrupted program is executed. One way to 
use this feature for single-step operation is to 
program one of the external interrupts (e.g., 
I NTO) to be level-activated. The service 
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routine for the interrupt will terminate with the 
following code: 

JNB P3.2,$ ;Wait Till TNTO Goes High 
JB P3.2,$ ;Wait Till TNTO Goes Low 
RETI ;Go Back and Execute One 

Instruction 

Now if the INTO pin, which is also the P3.2 
pin, is held normally low, the CPU will go right 
into the External Interrupt 0 routine and stay 
there until INTO is pulsed (from low to high to 
low). Then it will execute RETI, go back to 
the task program, execute one instruction, 
and immediately re-enter the External 
Interrupt 0 routine to await the next pulsing of 
P3.2. One step of the task program is 
executed each time P3.2 is pulsed. 

Reset 
The reset input is the RST pin, which is the 
input to a Schmitt Trigger. A reset is 
accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The 
CPU responds by generating an internal 
reset, with the timing shown in Figure 21. 

The external reset signal is asynchronous to 
the internal clock. The RST pin is sampled 
during State 5 Phase 2 of every machine 
cycle. The port pins will maintain their current 
activities for 19 oscillator periods after a logic 
1 has been sampled at the RST pin; that is, 
for 19 to 31 oscillator periods after the 
external reset signal has been applied to the 
RST pin 

The internal reset algorithm writes Os to all 
the SFRs except the port latches, the Stack 
Pointer, and SBUF. The port latches are 
initialized to FFH, the Stack Pointer to 07H, 
and SBUF is indeterminate. Table 1 lists the 
SFR reset values. The internal RAM is not 
affected by reset. On power up the RAM 
content is indeterminate. 
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(MSB) (LSB) (USB) 

En EX1 ETa I EXo 

Symbol Position Function Symbol Position 

EA 1E.7 Disables all interrupts. If EA ;:: 0, no interrupt IP.7 
will be acknowledged. If EA = 1, each intenupt 

IP.G source is individuafly enabled or disabled by 
setting or clearing its enable bit. 

IP.S 
IE.G Re .... ed 

PS IP.4 

IE.' Reeerved. 

ES 1E.4 Enables or disables the Serial Port interrupt. If 
ES = D, the Serial Port interrupt ia disabled.. PTl IP.3 

ET. 1E.3 Enable. or disables the Timer 1 Overflow inter-
rupt.lf En = 0, the Timer 1 interrupt is disabled. 

PX. IP.2 
EX. 1E.2 Enables or disables ExternallntetfUpt 1. If EXl 

= 0, External Interrupt 1 is disabled. 

ETO IE.1 Enables or disables the Timer 0 Overtlow inter- PTa IP.l 
rupt_ If ETO ::;: 0, the limer 0 interrupt is dis-
abled. 

EXO IE.D Enables or disables ExlernallntelTupt. O. tf EXO 
pxa IP.a = 0, External Interrupt 0 ia disabled. 

Figure 18. Interrupt Enable Register (IE) Figure 19. 

How Interrupts Are Handled 
The interrupt lIags are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the 
preceding cycle, the polling cycle will find it 
and the interrupt system will generate an 
LCALL to the appropriate service routine, 
provided this hardware-generated LCALL is 
not blocked by any of the following 
conditions: 
I. An interrupt of equal or higher priority 

level is already in progress. 

2. The current (polling) cycle is not the final 
cycle in the execution of the instruction in 
progress. 

3. The instruction in progress is RETI or any 
write to the IE or IP registers. 

Any of these three conditions will block the 
generation of the LCALL to the interrupt 
service routine. Condition 2 ensures that the 
instruction in progress will be completed 
before vectoring to any service routine. 
Condition 3 ensures that if the instruction in 
progress is RETI or any access to IE or IP, 
then at least one more instruction will be 
executed before any interrupt is vectored to. 

The polling cycle is repeated with each 
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machine cycle, and the values polled are the 
values that were present at S5P2 of the 
previous machine cycle. Note that if an 
interrupt flag is active but not being 
responded to for one of the above conditions, 
if the flag is not still active when the blocking 
condition is removed, the denied interrupt will 
not be serviced. In other words, the fact that 
the interrupt flag was once active but not 
serviced is not remembered. Every polling 
cycle is new. 

The polling cycle/LCALL sequence is 
illustrated in Figure 20. 

Note that if an interrupt of higher priority level 
goes active prior to S5P2 of the machine 
cycle labeled C3 in Figure 20, then in 
accordance with tho above rules it will be 
vectored to during C5 and C6, without any 
instruction of the lower priority routine having 
been executed. 

Thus the processor acknowledges an 
interrupt request by executing a 
hardware-generated LCALL to the 
appropriate servicing routine. In some cases 
it also clears the flag that generated the 
interrupt, and in other cases it doesn't. It 
never clears the Serial Port flag. This has to 
be done in the user's software. It clears an 
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(LSB) 

x I Ps pn PX 1 PTO I PXO 

Function 

Reserved. 

Reserved. 

Re...-ved. 

Defines the Serial Port interrupt priority level. 
PS = 1 programs it to the higher priority level. 

Defines thelimer 1 inlerrupt priority level. PT1 
= 1 programs it to the higher priority level. 

Defines the Extemallnterrupt 1 priority level. 
PXl =1 programs It to the higher priority level. 

Enables or disables the Timer 0 Interrupt prior-
ity level. PTO = 1 programs it to the higher prior-
itylevel. 

Defines the Extemallnterrupt 0 priority level. 
PXO = 1 programs it to the higher priority level. 

Interrupt Priority Register (I P) 

external interrupt flag (lEO or lEI) only if it 
was transition-activated. The 
hardware-generated LCALL pushes the 
contents of the Program Counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to, as shown below: 

Source 
lEO 
TFO 
IE1 
TF1 
RI+TI 

Vector Address 
0OO3H 
OOOBH 
0013H 
001BH 
0023H 

Execution proceeds from that location until 
the RET I instruction is encountered. The 
RETI instruction informs the processor that 
this interrupt routine is no longer in progress, 
then pops the top two bytes from the stack 
and reloads the Program Counter. Execution 
of the interrupted program continues from 
where it left off. 

Note that a simple RET instruction would also 
have returned execution to the interrupted 
program, but it would have left the interrupt 
control system thinking an interrupt was still 
in progress, making future interrupts 
impossible. 
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TFl 

TI~ 
RI --L/---------.. 

Interrupts 
The BOCS1 provides 5 interrupt sources. 
These are shown in Figure 17. The External 
Interrupts mm and TJ\ITf can each be either 
level-activated or tran sition-activated, 
depending on bits ITO and ITl in Register 
TCON. The flags that actually generate these 
interrupts are bits lEO and IEl in TCON. 
When an external interrupt is generated. the 
flag that generated it is cleared by the 
hardware when the service routine is 
vectored to only if the interrupt was 
transition-activated. If the interrupt was 
level-activated, then the external requesting 
source is what controls the request flag, 
rather than the on-chip hardware. 

The Timer a and Timer 1 Interrupts are 
generated by TFO and TF1, which are set by 
a rollover in their respective Timer/Counter 
registers (except see Timer a in Mode 3). 
When a timer interrupt is generated. the flag 
that generated it is cleared by the on-chip 
hardware when the service routine is 
vectored to. 

The Serial Port Interrupt is generated by the 
logical OR of RI and TI. Neither 01 these flags 
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Figure 17. SOCS1 Interrupt Sources 

is cleared by hardware when the service 
routine is vectored to. In fact, the service 
routine will normally have to determine 
whether it was RI or TI that generated the 
interrupt, and the bit will have to be cleared in 
software. 

All of the bits that generate interrupts can be 
set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 

Each of these interrupt sources can be 
individually enabled or disabled by setting or 
clearing a bit in Special Function Register IE 
(Figure 18). IE also contains a global disable 
bit, EA, which disables all interrupts at once. 

Priority Level Structure 
Each interrupt source can also be individually 
programmed to one of two priority levels by 
setting or clearing a bit in Special Function 
Register IP (Figure 19). A low-priority 
interrupt can itself be interrupted by a 
high-priority interrupt, but not by another 
low-priority interrupt. A high-priority interrupt 
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Interrupt 
Sources 

can't be interrupted by any other interrupt 
source. 

If two request of different priority levels are 
received simultaneously, the request of 
higher priority level is serviced. If requests of 
the same priority level are received 
simultaneously, an internal polling sequence 
determines which request is serviced. Thus 
within each priority level there is a second 
priority structure determined by the polling 
sequence as follows: 

Source 
1. lEO 
2. TFO 
3. IEl 
4. TF1 
5. RI+TI 

Priority Within Level 
(highest) 

(lowest) 

Note that the "priority within level" structure is 
only used to resolve simultaneous requests 
of the same priority level. 

The IP register contains a number of 
unimplemented bits.IP.7, IP.6, and IP.5 are 
reserved in the 80CS1. User software should 
not write 1 s to these positions, since they 
may be used in other 8051 Family products. 
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Figure 16. Serial Port Mode 3 

37 



Phlips Semiconductors 80C51-Based 8-Bit Microcontrollers 

80C51 Family 

Phalle 2 Clock 
(112 fose) 

Mode 2 

SMOD=" 
(SMODis 
PCON.7) 

~ Write to SBUF 

Data Lse:Pl! 
Shift 

TxD 

11 

Stop Bit Geo. 

+ 16 Reset 

Write 
to 

SBUF 

80C51 family hardware description 

------- --'--'--~--~ 

TxD 

Transmit 

Stop Bit 

-=Bit De:c;..:.:tecto=::..., ----"~___JIIL__""_____'I1L____"'L._ __ ..RIL__.RIt..___J__..m_} Re"My. 
Sam IeTImes ...... 

Shift 

RI 

Figure 15. Serial Pori Mode 2 

March 1993 36 



Phlips Semiconductors 80C51-8ased 8-Bit Microcontrollers 

80C51 Family 

Timer 1 
Overflow 

.--..JI Write to SBUF 

Da .. 

Shift 

TxD 

TI 

Bit Detector 
Sam lelimes 

Shift 

RI 

March 1993 

LSO:PI, 

+ 16 Reset 

80C51 family hardware description 

Write 

10 ---li----~~r:~----~----~L:------_, SBUF 

Serial 
Port 

IntelTupt 

RX Clock RI 

RX Control 
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Figure 13. Serial Port Mode 0 
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As data bits come in from the right, 1 s shift 
out to the left. When the ° that was initiallY 
loaded into the rightmost position arrives at 
the leftmost position in the shift register, it 
flags the RX Control block to do one last shift 
and load SBUF. At SIPl of the 10th machine 
cycle after the write to SCaN that cleared RI, 
RECEIVE is cleared as RI is set. 

More About Mode 1 
Ten bits are transmitted (through TxD), or 
received (through RxD): a start bit (O), 8 data 
bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in SCaN. In the 
80CSI the baud rate is determined by the 
TImer 1 overflow rate. 

Figure 14 shows a simplified functional 
diagram of the serial port in Mode 1, and 
associated timings for transmit receive. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads a 1 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at SI PI of the machine 
cycle following the next rollover in the 
divide-by-16 counter. (Thus, the bit times are 
synchronized to the divide-by-16 counter, not 
to the ''write to SBUF" signaL) 

The transmission begins with activation of 
SEND which puts the start bit at TxD. One bit 
time later, DATA is activated, which enables 
the output bit of the transmit shift register to 
TxD. The first shift pulse occurs one bit time 
after that. 

As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivfate SEND and set TI. This occurs at 
the 10th divide-by-16 rollover after ''write to 
SBUF." 

Reception is initiated by a detected l-to-O 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1 FFH is written into 
the input shift register. Resetting the 
divide-by-16 counter aligns its rollovers with 
the boundaries of the incoming bit times. 

The 16 states of the counter divide each bit 
time into 16ths. At the 7th, 8th, and 9th 
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counter states of each bit time, the bit 
detector samples the value of RxD. The value 
accepted is the value that was seen in at 
least 2 of the 3 samples. This is done for 
noise rejection. If the value accepted during 
the first bit time is not 0, the receive circuits 
are reset and the unit goes back to looking 
for another l-to-O transition. This is to provide 
rejection of false start bits. If the start bit 
proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame 
will proceed. 

As data bits come in from the right, 1 s shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, load SBUF 
and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated.: 
1. Rl ~ 0, and 
2. Either SM2 ~ 0, 

or the received stop bit ~ 1. 

If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SBUF, and RI is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a l-to-O transition in RxD. 

More About Modes 2 and 3 
Eleven bits are transmitted (through TxD), or 
received (through RxD): a start bit (O), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (I) On transmit, the 9th data 
bit (TBS) can be assigned the value of 0 or 1. 
On receive, the 9the data bit goes into RBS in 
SCaN. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from Timer 1 

Figures 15 and 16 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 
Mode 1. The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
"write to SBUF" signal also loads TB8 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at 51 PI of the machine cycle 
following the next rollover in the divide-by-16 
counter. (Thus, the bit times are synchronized 
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to the divide-by-16 counter, not to the "write 
to SBUF" signaL) 

The transmission begins with activation of 
SEND, which puts the start bit at TxD. One 
bit time later, DATA is activated, which 
enables the output bit of the transmit shift 
register to TxD. The first shift pulse occurs 
one bit time after that. The first shift clocks a 
1 (the stop bit) into the 9th bit position of the 
shift register. Thereafter, only zeros are 
clocked in. Thus, as data bits shift out to the 
right, zeros are clocked in from the left. When 
TB8 is at the output position of the shift 
register, then the stop bit is just to the left of 
TBS, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set TI. This occurs at 
the 11 th divide-by-16 rollover after ''write to 
SUBF." 

Reception is initiated by a detected l-to-O 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1 FFH is written to the 
input shift register. 

At the 7th, 8th, and 9th counter states of each 
bit time, the bit detector samples the value of 
R-D. The value accepted is the value that 
was seen in at least 2 of the 3 samples. If the 
value accepted during the first bit time is not 
0, the receive circuits are reset and the unit 
goes back to looking for another l-to-O 
transition. If the start bit proves valid, it is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. 

As data bits come in from the right, Is shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
Modes 2 and 3 is a 9-bit register), it flags the 
RX Control block to do one last shift, load 
SBUF and RB8, and set RI. 

The signal to load SBUF and RB8, and to set 
RI, will be generated if, and only if, the 
following conditions are met at the time the 
final shift pulse is generated. 
1. Rl ~O,and 
2. Either SM2 ~ 0, 

or the received 9th data bit ~ 1. 

If either of these conditions is not met, the 
received frame is irretrievably lost, and RI is 
not set. If both conditions are met, the 
received 9th data bit goes into R88, and the 
first 8 data bits go into SBUF. One bit time 
later, whether the above conditions were met 
or not, the unit goes back to locking for a 
l-to-O transition at the RxD input. 
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(MSB) (LSB) 

SMO SMI SM2 REN TOO RBB TI RI 

Where St.llJ, SM1 specify the serial port mode, as follows: 

SIlO SMI Mode Description Baud Rate • TBS is the 911l data bit 1hat will be ... namitted in modes 2 
and 3. Set or clear by software as de.red. 

0 0 shift register 10Sef12 
8.,.' UART variable 

0 9~tUART IOscJ64 
or 

IOSC/32 
9-bit UART variabie 

RB8 in modes 2 and 3, is the 9th data bit 1hat was ret:eived. 

• TI 

In mode 1, if SM2 = 0, RB8 is the .topbit that was re
ceived in mode 0, RBS i. not used. 

5M2 enables 'the multiprocessor communication feature in 
modes 2 and 3. In mode 2 or 3. if SM2 i. set to 1 .. then 
RI will not be activa\ed if the received 9th data bit 
(R88) i. D. In mode 1, if 5M2 = 1, then AI will not be
activated if a valid stop bit WillS not received. In mode 
0, 5M2 should be O. 

• RI 

i. the transmit interrupt flag. Set by hardware at the 
end of the 8th bit time in mode 0, or at the beginning 
of the stop bit In 1he other modes, in any serial Iran ... 
misaion. Must be cleared by software. 

ia1he receive interrupt flag. Set by hardware at the 
end of 'the 8th bit time in mode 0, or halfway through 
the stop bit time in the other modes, in any serial re
ception (except see 5M2). Must be cleared by soft
ware. 

• REN enables serial reception. Set by software to enable 
reception. Clear by software to disable reception. 

Figure 11. Serial Port Control (SCON) Register 

Timer 1 

Reload 
Baud Rate lose SMOD err Mode Value 

Mode 0 Max: 1.67MHz 20MHz X X X X 
Mode 2 Max: 625k 20M Hz 1 X X X 
Mode'. 3 Max: 1 ()tL2k 20MHz 1 0 2 FFH 

192k 1 L059MHz 1 0 2 FDH 
9.6k 11.059MHz 0 0 2 FDH 
4.8k 11.059MHz 0 0 2 FAH 
2.4k 11.0S9MHz 0 0 2 F4H 
1.2k 11.059MHz 0 0 2 EBH 
137.5 11.986M 0 0 2 1DH 
110 6MHz 0 0 2 72H 
110 12MHz 0 0 1 FEEBH 

Figure 12. Timer 1 Generated Commonly Used Baud Rates 

More About Mode 0 
Serial data enters and exits through RxD~ 
TxD outputs the shift clock. 8 bits are 
transmitted/received: 8 data bits (LSB first)~ 
The baud rate is fixed a 1/12 the oscillator 
frequency. 

Figure 13 shows a simplified functional 
diagram of the serial port in Mode 0, and 
associated timing~ 

Transmission is initiated by any instruction 
that uses SBUF as a destination register~ The 
''write to SBUF" signal at S6P2 also loads a 1 
into the 9th position of the transmit shift 
register and tells the TX Control block to 
commence a transmission. The internal 
timing is such that one full machine cycle will 
elapse between "write to SBUF" and 
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activation of SEND. 

SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enable SHIFT CLOCK to the 
alternate output function line of P3~ 1. SHIFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, Sl, and 
S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift are shifted to the right one position. 

As data bits shift oul to the right, zeros come 
in from the left~ When the MSB of the data 
byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position, is just to the left of the 
MSB, and all positions to the left of that 
contain zeros~ This condition flags the TX 
Control block to do one last shift and then 
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deactivate SEND and set Tl ~ Both of these 
actions occur at Sl Pl of the 10th machine 
cycle after "write to SBU F." 

Reception is initiated by the condition 
REN ~ 1 and Rl ~ O~ At S6P2 of the next 
machine cycle, the RX Control unit writes the 
bits 11111110 to the receive shift register, and 
in the next clock phase activates RECEIVE 

RECEIVE enable SHIFT CLOCK to the 
alternate output function line of P3~ 1 ~ SHIFT 
CLOCK makes transitions at S3Pl and S6Pl 
of every machine cycle. At S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 
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Standard Serial Interface 
The serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost.) The serial port receive and transmit 
registers are both accessed at Special 
Function Register SBUF. Writing to SBUF 
loads the transmit register, and reading SBUF 
accesses a physically separate receive 
register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits 
through RxD. TxD outputs the shift clock. a 
bits are transmittedlreceived (LSB first). The 
baud rate is fixed at 1/12 the oscillator 
frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), a data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RBa in 
Special Function Register SCaN. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): start bit (0), 
B data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TBB in SCaN) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TBB. 
On receive, the 9th data bit goes into RBB in 
Special Function Register SCaN, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 

Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), B data bits (LSB first), a programmable 
9th data bit, and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 
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In all four modes, transmission is initiated by 
any instruction that uses SBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

Multiprocessor Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RBB. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RBB = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows: 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

Serial PorI Control Register 
The serial port control and status register is 
the Special Function Register SCaN, shown 
in Figure 11. This register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBB and RBB), 
and the serial port interrupt bits (TI and RI). 
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Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency 112. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = 

2SMOD 
~ x (Oscillator Frequency) 

In the BOC51 , the baud rates in Modes 1 and 
3 are determined by the limer 1 overflow 
rate. 

Using Timer 1 to Generale Baud Rates 
When limer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the limer 1 overflow rate 
and the value of SMOD as follows: 

Mode 1, 3 Baud Rate = 

2SMOD 
~ X (Timer 1 Overflow Rate) 

The TImer 1 interrupt should be disabled in 
this application. The limer itself can be 
configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for "timer" operation, in the 
auto-reload mode (high nibble of TMOD = 
oo10B). In that case the baud rate is given by 
the formula: 

Mode 1, 3 Baud Rate = 

2SMOD x Oscillator Frequency 
32 12 X [256-(TH1)] 

One can achieve very low baud rates with 
limer 1 by leaving the limer 1 interrupt 
enabled, and configuring the limer to run as 
a 16-bit timer (high nibble of TMOD = 0001B), 
and using the limer 1 interrupt to do a 16-bit 
software reload. Figure 12 lists various 
commonly used baud rates and how they can 
be obtained from limer 1. 
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CiT =0 

Interrupt 

11 Pin 

__ --'1 CiT = , 

TR' ~~~~~~--j 

~
--

Gate 

TN'T'n Pin 

Figure 9. TImer/Counter 1 Mode 2: 8-Bit Auto-Load 

&--G------ 1112fOSC 

1/12fOSC ~~~~~~~~ 
CiT =0 

lOPin ~~~~~~----"t CIT = 1 

TRO ~~~~~---l 

Conlrol 

1112fOSC ~~~~~~~~~~~~~--tr?Y--< ' 
~,trOI 

TR1~ 

Interrupt 

{~JI-~~~--1"c:J-- Interrupt 

Figure 10. TImer/Counter 0 Mode 3: Two 8-Bit Counters 
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(MSB) (LSB) 

Gale 

CIT 

T1 Pin 

Gale 

INTrPin 

S:s:mbol Position 

TF1 TCON.7 

TR1 TCON.6 

TFO TeORS 

TAO TCON.4 
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Gale CiT Ml MO 

Timer 1 

Gating control when set. Timer/Counter "x" is en
abled only while "JRTi" pin is high and "TRx" con
trol pin is set. When cleared Timer "x" is enabled 
whenever "TRx" control bit is set. 

Timer or Counter Selector cleared for limer opera
tion (input from internal .system dock). Set for 
Counter operation (input from "Tx" input pin). 

Gale 

M1 

o 

CiT 

Timer 0 

"11 

loll 

o 

o 

"10 

Ope<a'ng 

8048 limer "TLx" serves as S-bit prescaJer. 

16-bit Timer/Counter "THx" and "lu" are 
cascaded; there is no preacaler. 

8-bit: auto-reload limerlCounter "THx" holds 
a value which is to be reloaded into "Tu" 
each time it overflow.. 

(Timer 0) TLD is an 8-bit TImer/Coomer con
trolled by the standard limer 0 control bits. 
THO ia an 8-bit timer only controlled by Tim
er 1 co"lro1 bits. 

(Timer 1) Timer/Counter 1 stopped. 

Figure 6. Timer/Counter Mode Control (TMOD) Register 

CIT = 0 
Interrupt 

Control 

TR1-------J 

Figure 7. Timer/Counter 1 Mode 0: 13·Bit Counter 

(MSB) 

TF1 TRl TFO TAO IEl 

Name and Significance 

Timer 1 overflow flag. Set by hardware on 
Timer/Counter overflow. Cleared by hardware 
when processor vectors to interrupt routine. 

Timer 1 RUn control bit Set/cleared by soft-
ware to turn Timer/Counter onloff. 

Timer 0 overflow flag. Set by hardware on 
Timer/Counter ovetflQw. Cleared by hardware 
when processor vectors to interrupt routine. 

Timer 0 Run control bit. Set/cleared by soft-
WN"e to turn Timer/Counter onloff. 

ITl lEO 

Symbol Position 

IE1 TCON.3 

IT1 TCON.2 

lEo ICON.l 

ITO TCON.O 

(LSB) 

ITO 

Name and Significance 

Interrupt 1 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when interrupt processed. 

Interrupt 1 Type control bit. Set/deared by 
software to specify falling edgellow level trig
gered external interrupts. 

Interrupt 0 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when imerrupt proce8ged. 

Interrupt 0 Type control bit. Set/deared by 
software to specify falling edgel10w level trig
gered external interrupts. 

Figure 8. Timer/Counter Conlrol (TCON) Register 
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Accessing External Memory 
Accesses to external memory are of two 
types: accesses to external Program Memory 
and accesses to external Data Memory. 
Accesses to external Program Memory use 
signal PSffi (program store enable) as the 
read strobe. Accesses to external Data 
Memory use RO or WR (alternate functions of 
P3.7 and P3.6) to strobe the memory. 
Fetches from external Program Memory 
always use a IS-bit address. Accesses to 
external Data Memory can use either a 16-bit 
address (MOVX @ DPTR) or an 8-bit 
address (MOVX @Ri). 

Whenever a 16-bit address is used, the high 
byte of the address comes out on Port 2, 
where it is held for the duration of the read or 
write cycle. Note that the Port 2 drivers use 
the strong pull ups during the entire time that 
they are emitting address bits that are 1 s. 
This is during the execution of a MOVX 
@DPTR instruction. During this time the Port 
2 latch (the Special Function Register) does 
not have to contain 1 s, and the contents of 
the Port 2 SFR are not modified. If the 
external memory cycle is not immediately 
followed by another external memory cycle, 
the undisturbed contents of the Port 2 SFR 
will reappear in the next cycle. 

If an 8-bit address is being used (MOVX 
@Ri), the contents of the Port 2 SFR remain 
at the Port 2 pins throughout the external 
memory cycle. This will facilitate paging. 

In any case, the low byte of the address is 
time-multiplexed with the data byte on Port D. 
The ADDRIDATA signals drive both FETs in 
the Port 0 output buffers. Thus, in this 
application the Port a pins are not open-drain 
outputs, and do not require external pullups. 
ALE (Address Latch Enable) should be used 
to capture the address byte into an external 
latch. The address byte is valid at the 
negative transition of ALE Then, in a write 
cycle, the data byte to be written appears on 
Port 0 just before WR is activated, and 
remains there until after WR is deactivated. In 
a read cycle, the incoming byte is accepted at 
Port 0 just before the read strobe is 
deactivated. 

During any access to external memory, the 
CPU writes OFFH to the Port a latch (the 
Special Function Register), thus obliterating 
whatever information the Port a SFR may 
have been holding. 

External Program Memory is accessed under 
two conditions: Whenever signal EA is active; 
or whenever the program counter (PC) 
contains a number that is larger than OFFFH 
(in the 80CS1). 

March 1993 

This require that the ROMless versions have 
EA wired low to enable the lower 4k program 
bytes to be fetched from external memory. 

When the CPU is executing out of external 
Program Memory, all B bits of Port 2 are 
dedicated to an output function and may not 
be used for general purpose I/O. During 
external program fetches they output the high 
byte of the PC. During this time the Port 2 
drivers use the strong pullups to emit PC bits 
that are IS. 

Timer/Counters 
The BOCSI has two 16-bit Timer/Counter 
registers: Timer a and Timer 1. Both can be 
configured to operate either as timers or 
event counters (see Figure 6). 

In the "Timer" function, the register is 
incremented every machine cycle. Thus, one 
can think of it as counting machine cycles. 
Since a machine cycle consists of 12 
oscillator periods, the count rate is 1/12 of the 
oscillator frequency. 

In the "Counter" function, the register is 
incremented in response to a 1-to-O transition 
at its corresponding external input pin, TO or 
Tl. In this function, the external input is 
sampled during S5P2 of every machine 
cycle. 

When the samples show a high in one cycle 
and a low in the next cycle, the count is 
incremented. The new count value appears in 
the register during S3P 1 of the cycle 
following the one in which the transition was 
detected. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1-to-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. There are no 
restrictions on the duty cycle of the external 
input signal, but to ensure that a given level is 
sampled at least once before it changes, it 
should be held for at least one full cycle. In 
addition to the ''Timer'' or "Counter" selection, 
Timer a and Timer 1 have four operating 
modes from which to select 

Timer 0 and Timer 1 
The ''Timer" or "Counter" function is selected 
by control bits CIT in the Special Function 
Register TMOD. These two Timer/Counters 
have four operating modes, which are 
selected by bit-pairs (Ml, MO) in TMOD. 
Modes 0, 1, and 2 are the same for both 
Timers/Counters. Mode 3 is different The 
four operating modes are described in the 
following text 

Mode 0 
Putting either Timer into Mode a makes it 
look like an 804B Timer, which is an 8-bit 
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Counter with a divide-by-32 prescaier. 
Figure 7 shows the Mode a operation as it 
applies to Timer 1. 

In this mode, the Timer register is configured 
as a 13-bit register. As the count rolls over 
from all 1 s to all as, it sets the Timer interrupt 
flag TF1. The counted input is enabled to the 
Timer when TRI ~ 1 and either GATE ~ a or 
TJiITl ~ I. (Setting GATE ~ 1 allows the Timer 
to be controlled by external input TJiITl, to 
facilitate pulse width measurements). TRI is 
a control bit in the Special Function Register 
TCON (Figure B). GATE is in TMOD. 

The 13-bit register consists of all 8 bits of 
THI and the lower 5 bits of TLI. The upper 3 
bits of TL 1 are indeterminate and should be 
ignored. Setting the run flag (TR1) does not 
clear the registers. 

Mode 0 operation is the same for the Timer 0 
as for Timer 1. Substitute TRO, TFO, and 
fI\ITO for the corresponding Timer 1 signals in 
Figure 7. There are two different GATE bits, 
one for Timer 1 (TMOD.7) and one for Timer 
o (TMOD.3). 

Mode 1 
Mode 1 is the same as Mode 0, except that 
the Timer register is being run with all 16 bits. 

Mode2 
Mode 2 configures the Timer register as an 
8-bit Counter (TL 1) with automatic reload, as 
shown in Figure 9. Overilow from TL 1 not 
only sets TF1, but also reloads TL1 with the 
contents of TH 1, which is preset by software. 
The reload leaves TH1 unchanged. 

Mode 2 operation is the same for 
Timer/Counter o. 

Mode 3 
Timer 1 in Mode 3 simply holds its count The 
effect is the same as setting TRI ~ O. 

Timer a in Mode 3 establishes TLO and THO 
as two separate counters. The logic for Mode 
3 on Timer 0 is shown in Figure 10. TLO uses 
the Timer 0 control bits: CIT, GATE, TRO, 
INTO, and TFO. THO is locked into a timer 
function (counting machine cycles) and takes 
over the use ofTR1 and TFI from Timer 1. 
Thus, THO now controls the "Timer 1" 
interrupt. 

Mode 3 is provided for applications requiring 
an extra a-bit timer on the counter. With 
Timer a in Mode 3, an BOCSI can look like it 
has three Timer/Counters. When Timer 0 is in 
Mode 3, Timer 1 can be turned on and off by 
switching it out of and into its own Mode 3, or 
can still be used by the serial port as a baud 
rate generator, or in fact, in any application 
not requiring an interrupt 
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VCC 

Enhancement Mode FET 

a. NMOS Configuration. 
The enhancement mode transistor is turned on for 2 oscillator periods after a makes a 0-to-1 transition. 

Q 

From Port 
Latch 

2 Osc. Periods 

V.C_C_+_VO-C_C_+t 
Input Data 

Read Port Pin 

b. CMOS Configuration. 
pFET1 is turned on for 2 oscillator periods after a makes a O-to-1 transition. 

During this time, pFET1 also turns on pFET3 through the inverter to form a latch which holds the 1. pFET2 is also on. 

Figure 5. Ports 1 and 3 NMOS and CMOS Internal Pullup Configurations 

Read-Modify-Write Feature 
Some instructions that read a port read the 
latch and others read the pin. Which ones do 
which? The instructions that read the latch 
rather than the pin are the ones that read a 
value. possibly change it, and then rewrite it 
to the latch. These are called 
"read-modify-write" instructions. The 
instructions listed below are read-modify-write 
instructions. When the destination operand is 
a port, or a port bit, these instructions read 
the latch rather than the pin: 

ANL (logical AND, eg., ANL Pl ,A) 
ORL (logical OR, e.g., ORL P2,A) 
XRL (logical EX-OR, e.g., 

XRL P3,A) 
JBC Oump if bit ~ 1 and clear bit, 

e.g., JBC Pl.1 ,LABEL) 
CPL (complement bit, eg., 

CPL P30) 
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Port 2 is similar except that it holds the strong pullup on while emitting 1 s that are address bits. 
(See Accessing External Memory.) 

INC 
DEC 
DJNZ 

(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not 
zero, e.g., DJNZ P3,LABEL) 

MOV,PX,Y,C (move carry bit to bit Y of 
Port X) 

CLR PX.Y (clear bit Y of Port X) 
SET PX Y (set bit Y of Port X) 

It is not obvious that the last three 
instructions in this list are read-modify-write 
instructions, but they are. They read the port 
byte, all 8 bits, modify the addressed bit, then 
write the new byte back to the latch. 

The reason that read-modify-write 
instructions are directed to the latch rather 
than the pin is to avoid a possible 
misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to 
drive the base of a transistor. When a 1 is 
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written to the bit, the transistor is turned on. If 
the CPU then reads the same port bit at the 
pin rather than the latch, it will read the base 
voltage of the transistor and interpret it as a 
O. Reading the latch rather than the pin will 
return the correct value of 1. 
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'See Figure 5 for details of the internal pullup. 

Vee 

Vee 

Internal 
Pullup' 

1m Sua 

WriselQ 
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Read 
Pin 

b. PorI 1 Bit 

Alternate 
Output 

Function Vee 

Internal 
Pullup* 

Int.Bus 

Write to 
Latch 

Read 
Alternate Pin 

Input 
Function 

d. PorI 3 Bit 

Figure 4. BOC5l Port Bit latches and 1/0 Buffers 

In the NMOS 8051 part, the fixed part of the 
pullup is a depletion mode transistor with the 
gate wired to the source. This transistor will 
allow the pin to source about 0.25mA when 
shorted to ground. In parallel with the fixed 
pullup is an enhancement mode transistor, 
which is aclivated during S 1 whenever the 
port bit does a O-to-l transition. During this 
interval, if the port pin is shorted to ground, 
this extra transistor will allow the pin to 
source an additional 30mA. 

In the CMOS 80CS1, the pullup consists of 
three pFETs. It should be noted that an 
n-channel FET (nFET) is turned on when a 
logical 1 is applied to its gate, and is turned 
off when a logical 0 is applied to its gate. A 
p-channel FET (pFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate 
sees a 1. 
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pFETl in Figure 5 is the transistor that is 
turned on for 2 oscillator periods after a O·to-l 
transition in the port latch. While it's on, it 
turns on pFET3 (a weak pullup), through the 
inverter. This inverter and pPET form a latch 
which holds the 1. 

Note that if the pin is emitting a 1, a negative 
glitch on the pin from some external source 
can turn off pFET3, causing the pin to go into 
a float state. pFET2 is a very weak pullup 
which is on whenever the nFET is off, in 
traditional CMOS style. It's only about 1/10 
the strength of pFET1. Its function is to 
restore a 1 to the pin in the event the pin had 
a 1 and lost it to a glitch. 

Port Loading and Interfacing 
The output buffers of Ports 1, 2, and 3 can 
each drive 4 LS TTL inputs. These ports on 
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NMOS versions can be driven in a normal 
manner by a TTL or NMOS circuit. Both 
NMOS and CMOS pins can be driven by 
open-collector and open-drain outputs, but 
note that O-to-l transitions will not be fast. 

In the NMOS device, if the pin is driven by an 
open-collector output, a O-to-l transition will 
have to be driven by the relatively weak 
depletion mode FET in Figure 5a. In the 
CMOS device, an input 0 turns off pullup 
pFET3, leaving only the very weak pullup 
pFET2 to drive the transition. 

Port 0 output buffers can each drive 8 LS TTL 
inputs. They do, however, require external 
pullups to drive NMOS inputs, except when 
being used as the ADDRESS/DATA bus for 
external memory. 
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cy PSW.7 Canyllog. OV PSW.2 OVerllow flag. 

AC PSW.6 AuxiRary Carry llag. (Few BCD PSW.1 U .... _noble ftag. 
oporati .... ) p PSW.O Parity flag. Set/cleared by hardware 

AI PSW.5 Rag 0. (AVIllable 1O.he uoer for each inatruclion cycle 10 Indicate an 
gonarolpu ......... ) oddJeven number of "ana" bita in 1he 

RS. PSWA llegi_ bank oeIeC1 conlrol_ • Accumulator, I.e., even parity. 

RSO PSW.3 and 0. Setlcleared by IIOftwara to 
detennine working register bank NOTE: 

(-
The contenl8 of (AS1, RSO) enable the working register No1e~ 

All the Port 3 pins are multifunctional. They 
are not only port pins, but also serve the 
functions of various special features as listed 
below: 

Port 
Pin Alternate Function 
P3.0 RxD (serial input port) 
P3.1 TxD (serial output port) 
P3.2 JJiITij (external interrupt) 
P3.3 TfITf (external interrupt) 
P3.4 TO (Timer/Counter 0 external input) 
P3.5 T1 (TimerICounter 1 external input) 
P3.6 WR (external Data Memory write 

strobe) 
P3.7 'AU (external Data Memory read 

strobe) 

The alternate functions can only be activated 
if the corresponding bit latch in the port SFR 
contains a 1. Otherwise the port pin remains 
atO. 

110 Configurations 
Figure 4 shows a functional diagram of a 
typical bit latch and I/O buffer in each of the 
four ports. The bit latch (one bit in the port's 
SFR) is represented as a Type D flip-flop, 
which will clock in a value from the internal 
bus in response to a "write to latch" signal 
from the CPU. The level of the port pin itself 
is placed on the internal bus in response to a 
"read pin" signal from the CPU. Some 
instructions that read a port activate the "read 
latch" signal, and others activate the "read 
pin" signal. 

As shown in Figure 4, the output drivers of 
Port 0 and 2 are switchable to an internal 
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benke.e 
follows: 

(o.O)-BankO 
(o,')-Bank • 
(1,0)-8ank 2 
(1,1)-Bank 3 

Figure 3, Program Status Word (PSW) Register 

ADDR and ADDRIDATA bus by an internal 
CONTROL signal for use in external memory 
accesses. During external memory accesses, 
the P2 SFR remains unchanged, but the PO 
SFR gets 1 s written to it. 

Also shown in Figure 4 is that if a P3 bit latch 
contains a I, then the output level is 
controlled by the signal labeled "alternate 
output function." The actual P3.X pin level is 
always available to the pin's alternate input 
function, if any. 

Ports I, 2, and 3 have internal pullups, and 
Port 0 has open drain outputs. Each I/O line 
can be independenUy used as an input or an 
output. (Port 0 and 2 may not be used as 
general purpose I/O when being used as the 
ADDRIDATA BUS for external memory during 
normal operation.) To be used as an input, 
the port bit latch must contain a I, which 
turns off the output driver FET. Then, for 
Ports I, 2, and 3, the pin is pulled high by a 
weak internal pull up, and can be pulled low 
by an external source. 

Port 0 differs in that its internal pullups are 
not active during normal port operation. The 
pullup FET in the PO output driver (see 
Figure 4) is used only when the port is 
emitting 1 s during external memory 
accesses. Otherwise the pullup FET is off. 
ConsequenUy PO lines that are being used as 
output port lines are open drain. Writing a 1 to 
the bit latch leaves both output FETs off, so 
the pin floats. In that condition it can be used 
as a high-impedance input. 
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(OOH-07H) 
(08H-OFH) 
(10H-17H) 
(18H-17H) 

Because Ports I, 2, and 3 have fixed internal 
pullups, they are sometimes called 
"quasi-bidirectional" ports. When configured 
as inputs they pull high and will source 
current (IlL, in the data sheets) when 
externally pulled low. Port 0, on the other 
hand, is considered "true" bidirectional, 
because when configured as an input it 
floats. 

All the port latches in the aoC51 have 1 s 
written to them by the reselfunction. If a 0 is 
subsequently written to a port latch, it can be 
reconfigured as an input by writing a 1 to it. 

Writing to a Port 
In the execution of an instruction that 
changes the value in a port latch, the new 
value aonves at the latch during SGP2 of the 
final cycle of the instruction. However, port 
latches are in fact sampled by their output 
buffers only during Phase 1 of an clock 
period. (During Phase 2 the output buffer 
holds the value it saw during the previous 
Phase 1). Consequently, the new value in the 
port latch won't actually appear at the output 
pin until the next Phase I, which will be at 
SI PI of the next machine cycle. 

If the change requires a O-to-l transition in 
Port I, 2, or 3, an additional pullup is turned 
on during SIP 1 and S 1 P2 olthe cycle in 
which the transition occurs. This is done to 
increase the transition speed. The extra 
pullup can source about 100 times the current 
that the normal pullup can. It should be noted 
that the internal pullups are field-effect 
transistors, not linear resistors. The pullup 
arrangements are shown in Figure 5. 
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Special Function Registers 
A Map of the on-chip memory area called the 
Special Function Register (SFR) space is 
shown in Fig ure 2. 

Note that in the SFRs not all of the addresses 
are occupied. Unoccupied addresses are not 
implemented on the chip. Read accesses to 
these addresses will in general return random 
data, and write accesses will have no effect. 

User software should not write 1 s to these 
unimplemented locations, since they may be 
used in other BOC51 Family derivative 
products to invoke new features. The 
functions of the SFRs are described in the 
text that follows. 

Accumulator 
ACC is the Accumulator register. The 
mnemonics for Accumulator-Specific 
instructions, however, refer to the 
Accumulator simply as A. 

B Register 
The B register is used during multiply and 
divide operations. For other instructions it can 
be treated as another scratch pad register. 

Program SlatusWord 
The PSW register contains program status 
information as detailed in Figure 3. 

Stack Pointer 
The Stack Pointer register is B bits wide. It is 

F8 

FO 

EB 

Ell 

D8 

DO 

C8 

CO 

B8 

BO 

AS 

AO 

98 

90 

88 

80 

B 

ACC 

psw 

IP 

P3 

IE 

P2 

SCON saUF 

Pl 

TCON TMOD 

PO SP 

incremented before data is stored during 
PUSH and CALL executions. While the stack 
may reside anywhere in on-chip RAM, the 
Stack Pointer is initialized to 07H after a 
reset. This causes the stack to begin at 
locations OSH. 

Data Pointer 
The Data Pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). Its 
intended function is to hold a 16-bit address. 
It may be manipulated as a 16-bit register or 
as two independent B-bit registers. 

Ports 010 3 
PO, PI, P2, and P3 are the SFR latches of 
Ports 0, I, 2, and 3, respectively. Writing a 
one to a bit of a port SFR (PO, PI, P2, or P3) 
causes the corresponding port output pin to 
switch high. Writing a zero causes the port 
output pin to switch low. When used as an 
input, the external state of a port pin will be 
held in the port SFR (i.e., if the external state 
of a pin is low, the corresponding port SFR bit 
will contain a 0; if it is high, the bit will contain 
a 1). 

Serial Data Buffer 
The Serial Buffer is actually two separate 
registers, a transmit buffer and a receive 
buffer. When data is moved to SBU F, it goes 
to the transmit buffer and is held for serial 
transmission. (Moving a byte to SBUF is what 

8 Bytes 

TLD TLl THQ THl 

DPL DPH 

l Bit Addressable 

Figure 2. aOCS1 SFR Memory Map 
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initiates the transmission.) When data is 
moved from SBUF, it comes from the receive 
buffer. 

Timer Registers Basic to B0C51 
Register pairs (THO, TLO), and (TH1, TL1) 
are the 16-bit Counting registers for 
limer/Counters 0 and I, respectively. 

Control Register for Ihe BOCS1 
Special Function Registers IP, IE, TMOD, 
TCON, SCON, and PCON contain control 
and status bits for the interrupt system, the 
limer/Counters, and the serial port. They are 
described in later sections. 

Port Structures and Operation 
All four ports in the BOC51 are bidirectional. 
Each consists of a latch (Special Function 
Registers PO through P3), an output driver, 
and an input buffer. 

The output drivers of Ports 0 and 2, and the 
input buffers of Port 0, are used in accesses 
to external memory. In this application, Port 0 
outputs the low byte of the external memory 
address, time-multiplexed with the byte being 
written or read. 

Port 2 outputs the high byte of the external 
memory address when the address is 16 bits 
wide. Otherwise, the Port 2 pins continue to 
emit the P2 SFR content. 

PCON 

FF 

F7 

EF 

E7 

OF 

07 

CF 

C7 

BF 

B7 

AF 

A7 

9F 

97 

SF 

87 
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HARDWARE DESCRIPTION 
This chapter provides a detailed description 
of the 80C51 microcontrolier (see Figure 1). 
Included in this description are: 
• The port drivers and how they function both 

as ports and, for Ports 0 and 2, in bus 
operations 

• The TImers/Counters 

• The Serial Interface 

• The Interrupt System 

PO.O-PO.7 

80C51 family hardware description 

P2.0-P2.7 

• Reset 

• The Reduced Power Modes in CMOS 
devices 

• The EPROM version of the 80C51 

(~~~~-~~~----~~~-~~ ~...u...,~~ ~~ ~~ ~ ~~-~ ~ ~ ~ ~ ~~ ~ ~I 
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fi 
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SBUF IE 

Interrupt, Serial 
Port. and Timer 

Blocks 

P1.0-P1.7 

Figure 1. 80C51 Architecture 
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Interrupt Priorities 
Each interrupt source can also be individually 
programmed to one of two priority levels by 
setting or clearing a bit in the SFR named IP 
(Interrupt Priority). Figure 18 shows the IP 
register. A low-priority interrupt can be 
interrupted by a high-priority interrupt, but not 
by another low-priority interrupt. A 
high-priority interrupt can't be interrupted by 
any other interrupt source. 

If two interrupt requests of different priority 
levels are received simultaneously, the 
request of higher priority is serviced. If 
interrupt requests of the same priority level 
are received simultaneously, an internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence. Figure 19 shows how 
the IE and IP registers and the polling 
sequence work to determine which if any 
interrupt will be serviced. 

In operation, all the interrupt flags are latched 
into the interrupt control system during 
State 5 of every machine cycle. The samples 
are polled during the following machine cycle. 
If the flag for an enabled interrupt is found to 
be set (1), the interrupt system generates an 
LCALL to the appropriate location in Program 
Memory, unless some other condition blocks 
the interrupt. Several conditions can block an 
interrupt, among them that an interrupt of 
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equal or higher priority level is already in 
progress. 

The hardware-generated LCALL causes the 
contents of the Program Counter to be 
pushed into the stack, and reloads the PC 
with the beginning address of the service 
routine. As previously noted (Figure 3), the 
service routine for each interrupt begins at a 
fixed location. 

Only the Program Counter is automatically 
pushed onto the stack, not the PSW or any 
other register. Having only the PC 
automatically saved allows the programmer 
to decide how much time should be spent 
saving other registers. This enhances the 
interrupt response time, albeit at the expense 
of increasing the programmer's burden of 
responsibility. As a result, many interrupt 
functions that are typical in control 
applications toggling a port pin for example, 
or reloading a timer, or unloading a serial 
buffer can often be completed in less time 
than it takes other architectures to complete. 

Simulating a Third Priority Level in 
Software 
Some applications require more than two 
priority levels that are provided by on-chip 
hardware in 80C51 devices. In these cases, 
relatively simple software can be written to 
produce the same effect as a third priority 
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level. First, interrupts that are to have higher 
priority than 1 are assigned to priority 1 in the 
Interrupt Priority (IP) register. The service 
routines for priority 1 interrupts that are 
supposed to be interruptable by priority 2 
interrupts are written to include the following 
code: 

PUSH IE 
MOV IE,#MASK 
CALL LABEL 

(execute service routine) 

POP IE 
RET 

LABEL: RET I 

As soon as any priority interrupt is 
acknowledged, the Interrupt Enable (IE) 
register is redefined so as to disable all but 
priority 2 interrupts. Then a CALL to LABEL 
executes the RETI instruction, which clears 
the priority 1 interrupt-in-progress flip-flop. At 
this point any priority 1 interrupt that is 
enabled can be serviced, but only priority 2 
interrupts are enabled. 

PO Ping IE restores the original enable byte. 
Then a normal RET (rather than another 
RETI) is used to terminate the service 
routine. The additional software adds 1 aI's 
(at 12MHz) to priority 1 interrupts. 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

80C51 Family 

(IISB) (LSB) 

I ~I x I x ES ET. EX. ETo I EXO 

Symbol Poal1ion Function 

Ell" IE.7 Disables all interrup .... If EX = 0, no interrupt 
wID be acknowledged. If EX = 1, each intelTUpt 
source is individually enabled or disabled by 
selling or dearing its enable bit 

IE.. Reserved. 

IE.. Reserved. 

ES lEA Enables or disables the Serial Port interrupt. " 
ES = 0, the Serial Port interrupt i. disabled. 

ET. IE.3 Enables or disables the Timer 1 Overflow inter· 
rupL If ET1 = 0. the Timer 1 ime ..... is disabled. 

EX. 1E.2 Enables or disables External Interrupt 1. If EXt 
= 0, Extemallnterrupt 1 is disabled. 

ETO IE •• Enables or disables the Timer 0 Overflow inter-
rupt..lf ETO = 0. the limer 0 interrupt i. dis-
abled. 

EXO IE.O Enables or disables Extemallntenupt O. If EXO 
= 0, External Interrupt 0 is cisabled. 

(IISB) 

Symbol 

PS 

PTI 

PX. 

Pro 

pXo 
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(LSB) 

PS PTI PX. PTO I PXO 

Position Function 
IP.7 Reserved. 

IP.6 Reserved. 

IP.> Reserved. 

IP.4 

IP.3 

IP.2 

IP •• 

IP.D 

Defines the Serial Port interrupt priority level. 
PS = 1 programs H to the higher priority level. 

Defines lhelimer 1 in1errupt priority level. PT1 = 
1 programs it to 1he higher priority level. 

Defines U1e Extemallnterrupt 1 priority level. 
PXl = 1 programe it to the higher priority level. 

Enables or disables the Timer 0 Interrupt prior
ity level. PTO = 1 programs it to the higher prior
Itylevel. 

Defines the Extemallntenupt 0 priority level. 
PXO = 1 progtllJl1$ it to 'the higher priority leVel. 

Figure 17. Interrupt Enable (IE) Register Figure 18. Interrupt Priority (IP) Register 
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~o__t------t--o... 
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Figure 19. Interrupt Control System 
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I 

L 

I 

L 

PCHout 

PCLout 
Valid 

S6 -I 

PClout 
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Figure 16. Bus Cycles in 80C51 Family Devices Executing from External Program Memory 
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Osc. 
(XTA12) 
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______ -!---'---'---'---'----J'-----jf-- - - - - --

I 
a. 1-byte, 1-cycle Instr~ction, e.g., INC A 

[ R •• d opcode. ( Reod 2nd bY"'. 

b. 2-byte, 1-cycle Instruction, e.g., ADD A,#data 
I 
I 
I 
I 
I 
I 

:;~::~iscard}1 

- - - - - - -i--1.-,--,--,----l'--,----;,---j!--'--,--,--,----l'--,--,.--;-.J- - - - --

- - - _ - - -'---'---'---'--_'--~L----II--_'--_'--_'--_'--_L---t __ - - - --

c. 1-byte, 2-cycle Instruction, e.g., INC DPTR 

Read opcode. 
(MOVX) 

- - - - - - -i--1.-,--,--

I 
I 
I 
I 
I 
I No 
I f.tch. 

I 
I 

Read next opcode again. 

No fetch. 

"L-,-_,-_+--'-'-,--'-,-_,--L_,-_,-_I-' _____ _ 

_ _ _ _ _ _ _ i--_L-_'--_'--_'----JL---J __ '--_'--_'--_'--_'----t __ - ___ _ 

DATA 

Access external memory. 

d. MOVX (1-byte, 2-cycle) 

Figure 15. State Sequence in BOC51 Family Devices 
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HMOS or 
CMOS 

XTAl.2 

Quartz cry.~r . i J.... Cl 
o,ce,all'llc ~ 

'.aona'o, --....... T T C2 

XTAl.2 

External 
clock XTAU 

signal 

vSS 

a. NMOS or CMOS 

Figure 16 shows the signals and timing 
involved in program fetches when the 
Program Memory is external. If Program 
Memory is external, then the Program 
Memory read strobe !'SEN is normally 
activated twice per machine cycle, as shown 
in Figure 16a. If an access to external Data 
Memory occurs, as shown in Figure 16b, two 
PSElIIs are skipped, because the address 
and data bus are being used for the Data 
Memory access. 

Note that a Data Memory bus cycle takes 
twice as much time as a Program Memory 
bus cycle. Figure 16 shows the relative timing 
of the addresses being emitted at Ports 0 and 
2, and of ALE and PSEJi!. ALE is used to 
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XTAll 

S- vss 

Figure 13. Using the On-Chip Oscillator 

External 
clock XTAL2 

signal 

XTALl 

VSS 

=-
b. NMOS Only 

Figure 14. Using an External Clock 

latch the low address byte from PO into the 
address latch. 

When the CPU is executing from internal 
Program Memory, PSEN is not activated, and 
program addresses are not emitted. However, 
ALE continues to be activated twice per 
machine cycle and so it is available as a 
clock output signal. Note, however, that one 
ALE is skipped during the execution of the 
MOVX instruction. 

Interrupt Structure 
The 80C51 and its ROMless and EPROM 
versions have 5 interrupt sources: 2 external 
interrupts, 2 timer interrupts, and the serial 
port interrupt. 
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(NC) XTAl.2 

External 
clock XTAll 

signal 

VSS 

:-

c. CMOS Only 

What follows is an overview of the interrupt 
structure for the device. More detailed 
information for specific members of the 
80C51 derivative family is provided in later 
chapters of this user's guide. 

Interrupt Enables 
Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit in the SFR named IE (Interrupt Enable). 
This register also contains a global disable 
bit, which can be cleared to disable all 
interrupts at once. Figure 17 shows the IE 
register. 
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The RL A instruction converts the index 
number (0 through 4) to an even number on 
the range 0 through 8, because each entry in 
the jump table is 2 bytes long: 

JUMP TABLE: 
AJMP CASEO 
AJMP CASE 1 
AJMP CASE 2 
AJMP CASE3 
AJMP CASE4 

Table 7 shows a single 'CALL addr" 
instruction, but there are two of them, LCALL 
and ACALL, which differ in the format in 
which the subroutine address is given to the 
CPU. CALL is a generic mnemonic which can 
be used if the programmer does not care 
which way the address is encoded. 

The LCALL instruction uses the 16-bit 
address format, and the subroutine can be 
anywhere in the 64k Program Memory space. 
The ACALL instruction uses the II-bit format, 
and the subroutine must be in the same 2k 
block as the instruction following the ACALL. 

In any case, the programmer specifies the 
subroutine address to the assembler in the 
same way: as a label or as a 16-bit constant. 
The assembler will put the address into the 
correct format for the given instructions. 

Subroutines should end with a RET 
instruction, which returns execution to the 
instruction following the CALL. 

RETI is used to return from an interrupt 
service routine. The only difference between 
RET and RETI is that RETI tells the interrupt 
control system that the interrupt in progress is 
done. If there is no interrupt in progress at the 
time RETI is executed, then the RETI is 
functionally identical to RET. 

Table 8 shows the list of conditional jumps 
available to the 80C51 user. All of these 
jumps specify the destination address by the 
relative offset method, and so are limited to a 
jump distance of -128 to + 127 bytes from the 
instruction following the conditional jump 
instruction. Important to note, however, the 
user specifies to the assembler the actual 

destination address the same way as the 
other jumps: as a label or a 16-bit constant. 

There is no Zero bit in the PSW. The JZ and 
JNZ instructions test the Aoeumulator data for 
that condition. 

The DJNZ instruction (Decrement and Jump 
if Not Zero) is for loop control. To execute a 
loop N times, load a counter byte with Nand 
terminate the loop with a DJNZ to the 
beginning of the loop, as shown below for N = 

10. 

MOV COUNTER,#10 
LOOP: (begin loop) 

• 
(end loop) 
DJNZ 
(continue) 

COUNTER,LOOP 

The CJNE instruction (Compare and Jump if 
Not Equal) can also be used for loop control 
as in Figure 12. Two bytes are specified in 
the operand field of the instruction. The jump 
is executed only if the two bytes are not 
equal. In the example of Figure 12, the two 
bytes were data in Rl and the constant 2AH. 
The initial data in R twas 2EH. Every time 
the loop was executed, Rl was decremented, 
and the looping was to continue until the Rl 
data reached 2AH. 

Another application of this instruction is in 
"greater than, less than" comparisons. The 
two bytes in the operand field are taken as 
unsigned integers. If the first is less than the 
second, then the Carry bit is set (1). If the first 
is greater than or equal to the second, then 
the Carry bit is cleared. 

cpu Timing 
All 80C51 microcontrollers have an on-Chip 
oscillator which can be used if desired as the 
clock source for the CPU. To use the on-chip 
oscillator, connect a crystal or ceramic 
resonator between the XTAL 1 and XTAL2 
pins of the microcontroller, and capacitors to 
ground as shown in Figure 13. 

Table B. Conditional Jumps in BOC51 Devices 

80C51 family architecture 

Examples of how to drive the clock with an 
external oscillator are shown in Figure 14. 
Note that in the NMOS devices (8051, etc.) 
the signal at the XTAL2 pin actually drives the 
internal clock generator. In the CMOS 
devices (SOC51, etc.), the signal at the 
XTAL 1 pin drives the internal clock generator. 
The internal clock generator defines the 
sequence of states that make up the aOC51 
machine cycle. 

Machine Cycles 
A machine cycle consists of a sequence of 6 
states, numbered SI through S6. Each state 
time lasts for two oscillator periods. Thus a 
machine cycle takes 12 oscillator periods or 
lfls if the oscillator frequency is t 2MHz. 

Each state is divided into a Phase 1 half and 
a Phase 2 half. Figure 15 shows that 
fetch/execute sequences in states and 
phases for various kinds of instructions. 
Normally two program fetches are generated 
during each machine cycle, even if the 
instruction being executed doesn't require it. 
If the instruction being executed doesn't need 
more code bytes, the CPU simply ignores the 
extra fetch, and the Program Counter is not 
incremented. 

Execution of a one-cycle instruction 
(Figures 15a and 15b) begins during State 1 
of the machine cycle, when the opcode is 
latched into the Instruction Register. A 
second fetch ooeurs during S4 of the same 
machine cycle. Execution is complete at the 
end of State 6 of this machine cycle. 

The MOVX instructions take two machine 
cycles to execute. No program fetch is 
generated during the second cycle of a 
MOVX instruction. This is the only time 
program fetches are skipped. The 
fetch/execute sequence for MOVX 
instructions is shown in Figure 15d. 

The fetch/execute sequences are the same 
whether the Program Memory is internal or 
external to the chip. Execution times do not 
depend on whether the Program Memory is 
internal or external. 

MNEMONIC OPERATION ADDRESSING MODES EXECUTION 

DIR IND REG IMM TIME (flS) 

JZ rei Jump if A = 0 Accumulator only 2 

JNZ rei Jump if A ~O Accumulator only 2 

DJNZ <byte>,rel Decrement and jump if not zero X X 2 

CJNE A,<byte>,rel Jump if A ~ <byte> X X 2 

CJNE <byte>,#data,rel Jump if <byte> ~ #data X X 2 
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Table 6_ SOC51 Boolean Instructions 
MNEMONIC 

ANL C,bit 

ANL C,Ibit 

ORL C,bit 

ORL C,Ibit 

MOV C,bit 

MOV bit,C 

CLR C 

CLR bit 

SETB C 

SETB bit 

CPL C 

CPL bit 

JC rei 

JNC rei 

JB bit, rei 

JNB bit,rel 

JBC bit,rel 

Jump Instructions 
Table 7 shows the list of unconditional jumps 
with execution time for a 12MHz clock. 

The table lists a single" JMP addr" instruction, 
but in fact there are three SJMP, LJMP, and 
AJMP, which differ in the format of the 
destination address. JMP is a generic 
mnemonic which can be used if the 
programmer does not care which way the 
jump is encoded. 

The SJMP instruction encodes the 
destination address as a relative offset, as 
described above. The instruction is 2 bytes 
long, consisting of the opcode and the 
relative offset byte. The jump distance is 
limited to a range of -128 to +127 bytes 
relative to the instruction following the SJMP. 

The LJMP instruction encodes the destination 
address as a 16-bit constant. The instruction 

OPERATION 

C = C.AND.bit 

C = C.AND .. NOT.bit 

C= C.OR.bit 

C = C.OR. .NOT.bit 

C=bit 

bit=C 

C=O 

bit=O 

C= 1 

bit= 1 

C = .NOT.C 

bit = .NOT.bit 

Jump ifC = 1 

Jump ifC =0 

Jump if bit = 1 

Jump if bit = 0 

Jump if bit = 1 ; CLR bit 

is 3 bytes long, consisting of the oPCOde and 
two address bytes. The destination address 
can be anywhere in the 64k Program Memory 
space. 

The AJMP instruction encodes the 
destination address as an l1-bit constant. 
The instruction is 2 bytes long, consisting of 
the opcode, which itself contains 3 of the 11 
address bits, followed by another byte 
containing the low 8 bits of the destination 
address. When the instruction is executed, 
these 11 bits are simply substituted for the 
low 11 bits in the PC. The high 5 bits stay the 
same. Hence the destination has to be within 
the same 2k block as the instruction following 
theAJMP. 

In all cases the programmer specifies the 
destination address to the assembler in the 
same way: as a label or as a 16-bit constant. 
The assembler will put the destination 

Table 7. Unconditional Jumps In 80C51 Devices 
MNEMONIC OPERAnON 

JMP addr Jump to addr 

JMP @A+DPTR Jump to A + DPTR 

CALL addr Call subroutine at addr 

RET Return from subroutine 

RETI Return from interrupt 

NOP No operation 
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EXEcunON nME (/lS) 

2 

2 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

address into the correct format for the given 
instruction. If the format required by the 
instruction will not support the distance to the 
specified destination address, a "Destination 
out of range" message is written into the List 
file. 

The JMP @A+DPTR instruction supports 
case jumps. The destination address is 
computed at execution time as the sum of the 
IS-bit DPTR register and the Accumulator. 
Typically, DPTR is set up with the address of 
a jump table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the 
Accumulator. The code to be executed might 
be as follows: 

MOV DPTR,#JUMP TABLE 
MOV A,INDEX_NUMBER 
RL A 
JMP @A+DPTR 

EXECUnON TIME (/lS) 

2 

2 

2 

2 

2 

1 
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Table 4. 80C51 Data Transfer Instructions that Access External Data Memory Space 
ADDRESS MNEMONIC OPERATION EXECUTION 

WIDTH 

8 bits MOVXA,@Ri 

8 bits MOVX@Ri,A 

16 bits MOVX A,@DPTR 

16 bits MOVX @DPTR,A 

Lookup Tables 
Table 5 shows the two instructions that are 
available for reading lookup tables in 
Program Memory. Since these instructions 
access only Program Memory, the lookup 
tables can only be read, not updated. 

If the table access is to extemal Program 
Memory, then the read strobe is PSElII. 

The mnemonic is MOVC for "move constant." 
The first MOVC instruction in Table 5 can 
accommodate a table of up to 256 entries 
numbered 0 through 255. The number of the 
desired entry is loaded into the Accumulator, 
and the Data Pointer is set up to point to the 
beginning of the table. Then: 

MOVC A,@A+DPTR 

copies the desired table entry into the 
Accumulator. 

The other MOVC instruction works the same 
way, except the Program Counter (PC) is 
used as the table base, and the table is 
accessed through a subroutine. First the 
number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 

MOV A,ENTRY NUMBER 
CALL TABLE 

The subroutine "TABLE" would look like this: 

TABLE: MOVC A,@A+PC 
RET 

The table itself immediately follows the RET 
(return) instruction in Program Memory. This 
type of table can have up to 255 entries, 
numbered 1 through 255. Number 0 cannot 
be used, because at the time the MOVC 
instruction is executed, the PC contains the 
address of the RET instruction. An entry 
numbered 0 would be the RET opcode itself. 

Boolean Instructions 
8OC51 devices contain a complete Boolean 
(single-bit) processor. The intemal RAM 

TIME(JUI) 

Read extemal RAM @Ri 2 

Write extemal RAM @ Ri 2 

Read external RAM @ DPTR 2 

Write extemal RAM @ DPTR 2 

contains 128 addressable bits, and the SFR 
space can support up to 128 addressable bits 
as well. All of the port lines are 
bit-addressable, and each one can be treated 
as a separate single-bit port. The instructions 
that access these bits are not just conditional 
branches, but a complete menu of move, sel, 
clear, complement, OR, and AND 
instructions. These kinds of bit operations are 
not easily obtained in other architectures with 
any amount of byte-oriented software. 

The instruction set for the Boolean processor 
is shown in Table 6. All bit accesses are by 
direct addressing. 

Bit addresses OOH through 7FH are in the 
Lower 128, and bit addresses SOH through 
FFH are in SFR space. 

Note how easily an intemal flag can be 
moved to a port pin: 

MOV C,FLAG 
MOV Pl.0,C 

In this example, FLAG is the name of any 
addressable bit in the Lower 128 or SFR 
space. An I/O line (the LSB of Port 1, in this 
case) is set or cleared depending on whether 
the flag bit is 1 or O. 

The Carry bit in the PSW is used as the 
single-bit Accumulator of the Boolean 
processor. Bit instructions that refer to the 
Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc.). The Carry bit also 
has a direct address, since it resides in the 
PSW register, which is bit-addressable. 

Note that the Boolean instruction set includes 
ANL and ORL operations, but not the XRL 
(Exclusive OR) operation. An XRL operation 
is simple to implement in software. Suppose, 
for example, it is required to form the 
Exclusive OR of two bits: 

C = bit1 .XRL. bit2 

The software to do that could be as follows: 

MOV C,bit1 
JNB bit2,OVER 
CPL C 

OVER: (continue) 

First, bit1 is moved to the Carry. If bit2 = 0, 
then C now contains the correct result. That 
is, bit1 .XRL. bit2 = bitl if bit2 = O. On the 
other hand, if bit2 = 1, C now contains the 
complement of the correct result. It need only 
be inverted (CPL C) to complete the 
operation. 

This code uses the JNB instruction, one of a 
series of bit-test instructions which execute a 
jump if the addressed bit is set (JC, JB, JBC) 
or if the addressed bit is not set (JNC, JNB). 
In the above case, bit2 is being tested, and if 
bit2 = 0, the CPL C instruction is jumped 
over_ 

JBC executes the jump if the addressed bit is 
set, and also clears the bit. Thus a flag can 
be tested and cleared in one operation. All 
the PSW bits are directly addressable, so the 
Parity bit, or the general purpose flags, for 
example, are also available to the bit-test 
instructions. 

Relative Offset 
The destination address for these jumps is 
specified to the assembler by a label or by an 
actual address in Program memory. However, 
the destination address assembles to a 
relative offset byte. This is a signed (two's 
complement) offset byte which is added to 
the PC in two's complement arithmetic if the 
jump is executed. The range of the jump is 
therefore -12S to + 127 Program Memory 
bytes relative to the first byte following the 
instruction. 

Table 5. aoC51 Lookup Table Read Instructions 
MNEMONIC OPERATION EXECUTION TIME (JUI) 

MOVC A,@A+DPTR Read program memory at (A + DPTR) 2 

MOVC A,@A+PC Read program memory at (A + PC) 2 
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Table 3. Data Transfer Instructions that Access Internal Data Memory Space 
MNEMONIC OPERATION ADDRESSING MODES EXECUTION 

DIR IND REG IMM TIME (flS) 

MOV A,<src> A = <src> X 

MOV <desl>,A <dest> = A X 

MOV <dest>,<src> <dest> = <src> X 

MOV DPTR,#dataI6 DPTR = 16-bit immediate constant 

PUSH <src> INC SP:MOV"@SP",<src> X 

POP <dest> MOV <dest>,"@SP":DEC SP X 

XCH A,<byte> ACC and <byte> exchange data X 

XCHD A,@Ri ACC and @Ri exchange low nibbles 

The XCH A, <byte> instruction causes the 
Accumulator and addressed byte to 
exchange data. The XCHD A, @Ri 
instruction is similar, but only the low nibbles 
are involved in the exchange. 

To see how XCH and XCHD can be used to 
facilitate data manipulations, consider first the 
problem of shifting an 8-digit BCD number 
two digits to the right. Figure 11 shows how 
this can be done using direct MOVs, and for 
comparison how it can be done using XCH 
instructions. To aid in understanding how the 
code works, the contents of the registers that 
are holding the BCD number and the content 
of the Accumulator are shown alongside each 
instruction to indicate their status after the 
instruction has been executed. 

After the routine has been executed, the 
Accumulator contains the two digits that were 
shifted out on the right. Doing the routine with 
direct MOVs uses 14 code bytes and 9fls of 
execution time (assuming a 12MHz clock). 
The same operation with XCHs uses only 9 
bytes and executes almost twice as fast. 

2A 2B 2C 2D 

To right-shift by an odd number of digits, a 
one-digit shift must be executed. 

Figure 12 shows a sample of code that will 
right-shift a BCD number one digit, using the 
XCHD instruction. Again, the contents of the 
registers holding the number and of the 
Accumulator are shown alongside each 
instruction 

First, pointers Rl and RD are set up to point 
to the two bytes containing the last four BCD 
digits. Then a loop is executed which leaves 
the last byte, location 2EH, holding the last 
two digits of the shifted number. The pointers 
are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction 
(Compare and Jump if Not Equal) is a loop 
control that will be described later. The loop 
executed from LOOP to CJNE for Rl = 2EH, 
2DH, 2CH, and 2BH. At that point the digit 
that was originally shifted out on the right has 
propagated to location 2AH. Since that 
location should be left with Os, the lost digit is 
moved to the Accumulator. 

2E ACC 

X X X 1 

X X 1 

X X X 2 

X 2 

2 

2 

X X 1 

X 1 

External RAM 
Table 4 shows a list olthe Data Transfer 
instructions that access external Data 
Memory. Only indirect addressing can be 
used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be 
either RD or Rl of the selected register bank, 
or a two-byte address, @DPTR. The 
disadvantage to using 16-bit addresses if only 
a few k bytes of external RAM are involved is 
that 16-bit addresses use all 8 bits of Port 2 
as address bus. On the other hand, 8-bit 
addresses allow one to address a few bytes 
of RAM, as shown in Figure 5, without having 
to sacrifice all of Port 2. All of these 
instructions execute in 2 fls, with a 12MHz 
clock. 

Note that in all external Data RAM accesses, 
the Accumulator is always either the 
destination or source of the data. 

The read and write strobes to external RAM 
are activated only during the execution of a 
MOVX instruction. Normally these signals are 
inactive, and in fact if they're not going to be 
used at all. their pins are available as extra 
110 lines, 

ACC 

MOV A,2EH 
MOV 2EH,2DH 
MOV 2DH,2CH 
MOV 2CH,2BH 
MOV 2BH,#0 

00 12 34 56 78 78 MOV R1,#2EH XX 

00 12 34 56 56 78 MOV RO,#2DH XX 

00 12 34 34 56 78 
00 12 12 34 56 78 loopfOf Rl ",2EH: 

00 00 12 34 56 78 LOOP: MOV A,@R1 00 12 34 56 78 78 

A. Using direct MOVs: 14 bytes, 9 Ils XCHD A,@RO 00 12 34 58 78 76 
SWAP A 00 12 34 58 78 67 
MOV @R1,A 00 12 34 58 67 67 
DEC R1 00 12 34 58 67 67 
DEC RO 00 12 34 58 67 67 

2A 2B 2C 2D 2E ACC 
CJNE R1,#2AH,LOOP 

CLR A 
XCH A,2BH 
XCH A,2CH 
XCH A,2DH 
XCH A2EH 

00 12 34 56 78 00 
00 00 34 56 78 12 
00 00 12 56 78 34 
00 00 12 34 78 56 
00 00 12 34 56 78 

loop for Rl = 2DH: 00 12 38 45 

I 
67 

I 
45 

loop for R1 = 2CH: 00 18 23 45 67 23 
08 01 23 45 67 01 

loop for R1 .2BH: 

B. Using XCHs: 9 bytes, 5 ~ CLR A 08 01 23 45 67 00 
XCH A,2AH 00 01 23 45 67 08 

Figure 11. Shilling a BCD Number Two Digits to the Right Figure 12. Shifting a BCD Number One Digit to the Right 
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Logical Instructions 
Table 2 shows the list of BOCSI logical 
instructions. The instructions that perform 
Boolean operations (AND, OR, Exclusive OR, 
NOT) on bytes perform the operation on a 
bit-by-bit basis. That is, if the Accumulator 
contains oo110101Band byte contains 
010100118, then: 

ANL A, <byte> 

will leave the Accumulator holding 
0001oo01B. 

The addressing modes that can be used to 
access the <byte> operand are listed in 
Table 2. 

The ANL A, <byte> instruction may take any 
of the form s: 

ANL A,7FH (direct addressing) 
ANL A,@Rl (indirect addressing) 
ANL A,R6 (register addressing) 
ANL A,#S3H (immediate constant) 

All of the logical instructions that are 
Accumulator-specific execute in II'S (using a 
12MHz clock). The others take 21'S 

Note that Boolean operations can be 
performed on any byte in the internal Data 
Memory space without going through the 
Accumulator. The XRL <byte>, #data 
instruction, for example, offers a quick and 
easy way to invert port bits, as in XRL PI, 
#OFFH. 

If the operation is in response to an interrupt, 
not using the Accumulator saves the time and 
effort to push it onto the stack in the service 
routine. 

The Rotate instructions (RL, A, RLC A, etc.) 
shift the Accumulator 1 bit to the left or right. 
For a left rotation, the MSB rolls into the LSB 
position. For a right rotation, the LSB rolls 
into the MSB position. 

The SWAP A instruction interchanges the 
high and low nibbles within the Accumulator. 
This is a useful operation in BCD 
manipulations. For example, if the 
Accumulator contains a binary number which 
is known to be less than 100, it can be 
quickly converted to BCD by the following 
code: 

MOVE 
DIV 
SWAP 
ADD 

B,#10 
AB 
A 
A,B 

Dividing the number by 10 leaves the tens 
digit in the low nibble of the Accumulator, and 
the ones digit in the B register. The SWAP 
and ADD instructions move the tens digit to 
the high nibble of the Accumulator, and the 
ones digit to the low nibble. 

Data Transfers 

Internal RAM 
Table 3 shows the menu of instructions that 
are avaijable for moving data around within 

Table 2. 80C51 Logical Instructions 

80C51 family architecture 

the internal memory spaces, and the 
addressing modes that can be used with 
each one. With a 12MHz ciock, all of these 
instructions execute in either 1 or 21'S. 

The MOV <dest>, <src> instruction allows 
data to be transferred between any two 
internal RAM or SFR locations without going 
through the Accumulator. Remember, the 
Upper 128 bytes of data RAM can be 
accessed only by indirect addressing, and 
SFR space only by direct addressing. 

Nole that in BOCSI devices, the stack resides 
in on-chip RAM, and grows upwards. The 
PUSH instruction first increments the Stack 
Pointer (SP), then copies the byte into the 
stack. PUSH and POP use only direct 
addressing to identify the byte being saved or 
restored, but the stack itself is accessed by 
indirect addressing using the SP register. 
This means the stack can go into the Upper 
128 bytes of RAM, if they are implemented, 
but not into SFR space. 

The Upper t 28 bytes of RAM are not 
implemented in the 80CSI nor in its ROMless 
or EPROM counterparts. With these devices, 
if the SP points to the Upper 128, PUSHed 
bytes are lost, and POPed bytes are 
indeterminate. 

The Data Transfer instructions include a 
16-bit MOV that can be used to initialize the 
Data Pointer (DPTR) for look-up tables in 
Program Memory, or for 16-bit external Data 
Memory accesses. 

MNEMONIC OPERATION ADDRESSING MODES EXECUTION 

DIR IND REG IMM TIME (f'S) 

ANL A,<byte> A = A.AND. <byte> X X X X 1 

ANL <byte>,A <byte> = <byte> .AND.A X 1 

ANL <byte>,#data <byte> = <byte> .AND.#data X 2 

ORL A,<byte> A = A.OR.<byte> X X X X 1 

ORL <byte>,A <byte> = <byte> .OR.A X 1 

ORL <byte>,#data <byte> = <byte> .OR.#data X 2 

XRL A,<byte> A = A.xOR. <byte> X X X X 1 

XRL <byte>,A <byte> = <byte> .xOR.A X 1 

XRL <byte>,#data <byte> = <byte> .xOR.#data X 2 

CRLA A=OOH Accumulator only 1 

CPLA A = .NOT.A Accumulator only 1 

RlA Rotate ACC Left 1 bit Accumulator only 1 

RLCA Rotate Left through Carry Accumulator only 1 

RRA Rotate ACC Right 1 bit Accumulator only 1 

RRCA Rotate Right through Carry Accumulator only 1 
f---

SWAP A Swap Nibbles in A Accumulator only 1 
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Addressing Modes 
The addressing modes in the 80C51 
instruction set are as follows: 

Direct Addressing 
In direct addressing the operand is specified 
by an 8-bit address field in the instruction. 
Only internal Data RAM and SFRs can be 
directly addressed. 

Indirect Addressing 
In indirect addressing the instruction specifies 
a register which contains the address of the 
operand. Both internal and external RAM can 
be indirectly addressed. 

The address register for 8-bit addresses can 
be RO or R 1 of the selected bank. or the 
Stack Pointer. The address register for 16-bit 
addresses can only be the 16-bit "data 
pointer" register. DPTR. 

Register Instructions 
The register banks. containing registers RO 
through R7. can be accessed by certain 
instructions which carry a 3-bit register 
specification within the opcode of the 
instruction. Instructions that access the 
registers this way are code efficient, since 
this mode eliminates an address byte. When 
the instruction is executed, one of the eight 
registers in the selected bank is accessed. 
One of four banks is selected at execution 
time by the two bank select bits in the PSW 

Register-Specific Instructions 
Some instructions are specific to a certain 
register. For example, some instructions 
always operate on the Accumulator, or Data 
Pointer, etc., so no address byte is needed to 
point to it. The opcode itself does that. 
Instructions that refer to the Accumulator as 
A assemble as accumulator specific opcodes. 

Immediate Constants 
The value of a constant can follow the 
opcode in Program Memory. For example, 

MOV A, #100 

loads the Accumulator with the decimal 
number 100. The same number could be 
specified in hex digits as 64H. 

Indexed Addressing 
Only program Memory can be accessed with 
indexed addressing, and it can only be read. 
This addressing mode is intended for reading 
look-up tables in Program Memory A 16-bit 
base register (either DPTR or the Program 
Counter) points to the base of the table, and 
the Accumulator is set up with the table entry 
number. 

The address of the table entry in Program 
Memory is formed by adding the Accumulator 
data to the base pointer. 

Another type of indexed addressing is used in 
the "case jump" instruction. In this case the 
destination address of a jump instruction is 
computed as the sum of the base pointer and 
the Accumulator data. 

Arithmetic Instructions 
The menu of arithmetic instructions is listed in 
Table 1. The table indicates the addressing 
modes that can be used with each instruction 
to access the <byte> operand. For example, 
the ADD A.<byte> instruction can be written 
as: 

ADD a, 7FH (direct addressing) 
ADD A, @RO (indirect addressing) 
ADD a, R7 (register addressing) 
ADD A, #127 (immediate constant) 

The execution times listed in Table 1 assume 
a 12MHz clock frequency. All of the arithmetic 

Table 1. 80C51 Arithmetic Instructions 

80C51 family architecture 

instructions execute in IllS except the INC 
DPTR instruction, which takes 21ls, and the 
Multiply and Divide instructions, which take 
4f1S. 

Note that any byte in the internal Data 
Memory space can be incremented without 
going through the Accumulator. 

One of the INC instructions operates on the 
16-bit Data Pointer. The Data Pointer is used 
to generate 16-bit addresses for external 
memory, so being able to increment it in one 
16-bit operation is a useful feature. 

The MUL AB instruction multiplies the 
Accumulator by the data in the B register and 
puts the 16-bit product into the concatenated 
B and Accumulator registers. 

The DIV AB instruction divides the 
Accumulator by the data in the B register and 
leaves the 8-bit quotient in the Accumulator. 
and the 8-bit remainder in the B register. 

Oddly enough, DIV AB finds less use in 
arithmetic "divide" routines than in radix 
conversions and programmable shift 
operations. An example of the use of DIV AB 
in a radix conversion will be given later. In 
shift operations, dividing a number by 2n 
shifts its n bits to the right. Using DIV AB to 
perform the division completes the shift in 
41ls and leaves the B register holding the bits 
that were shifted out. The DA A instruction is 
for BCD arithmetic operations. In BCD 
arithmetic, ADD and ADDC instructions 
should always be followed by a DA A 
operation, to ensure that the result is also in 
BCD. Note that DA A will not convert a binary 
number to BCD. The DA A operation 
produces a meaningful result only as the 
second step in the addition of two BCD bytes 

MNEMONIC OPERATION ADDRESSING MODES EXECUTION 

DIR IND REG IMM TIME (Ils) 

ADD A,<byte> A = A + <byte> X X X X 1 

AD DC A,<byte> A = A + <byte> + C X X X X 1 

SUBB A,<byte> A = A- <byte> - C X X X X 1 

INCA A=A+l Accumulator only 1 

INC <byte> <byte> = <byte> + 1 X X X 1 

INC DPTR DPTR = DPTR + 1 Data Pointer only 2 

DECA A=A-l Accumulator only 1 

DEC <byte> <byte> = <byte> - 1 X X X 1 

MULAB B:A ~ B xA ACC and B only 4 

DIVAB 
A ~ Int[A/B] 

ACC and B only 4 B ~ Mod[A/B] 
r-' 

DAA Decimal Adjust Accumulator only 1 
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FFH 

EOH Ace 

BOH Port 3 

ADH Port 2 

90H Port, 

SOH PortO 

Register-Mapped Ports 

Addresses that end in OH or 
8H are also 
bit-addreasable. 

Port Pins 
Accumulator 
PSW 
(Etc.) 

Figure 9. SFR Space 

CY AC FO RS1 RSO ov 

80C51 family architecture 

PSW7 

Carry flag receives carry out 
from bit 7 of ALU operands 

PSW6 
Auxiliary carry flag receives carry out from 

bit 3 of addition operands. 

~ L pswo 
Parity of accumulator set 
by hardware to 1 if it contains 
an odd number of 19; otherwise 
t is reset to o. i 

psw, 
User-definable flag 

PSW5 
General purpose status flag 

PSW4 
Register bank select bit 1 

PSW2 
Overflow flag set by 
arithmetic operations 

PSW3 
Register bank select bit 0 

Figure 10. PSW (Program Status Word) Register in 80C51 Devices 

80C51 FAMILY INSTRUCTION SET 
The SOCSI instruction set is optimized for 
8-bit control applications. It provides a variety 
of fast addressing modes for accessing the 
internal RAM to facilitate byte operations on 
small data structures. The instruction set 
provides extensive support for one-bit 
variables as a separate data type, allowi ng 
direct bit manipulation in control and logic 
systems that require Boolean processing. 

Program Status Word 
The Program Status Word (PSW) contains 
several status bits that reflect the current 

March 1993 

state of the CPU. The PSW, shown in 
Figure 10, resides in the SFR space. It 
contains the Carry bit, the Auxiliary Carry (for 
BCD operations), the two register bank select 
bits, the Overflow flag, a Parity bit, and two 
user-definable status flags. 

The Carry bit, other than serving the function 
of a Carry bit in arithmetic operations, also 
serves as the "Accumulator" for a number of 
Boolean operations. 

The bits RSO and RSI are used to select one 
of the four register banks shown in Figure 7. 
A number of instructions refer to these RAM 

11 

locations as RO through R7. The selection of 
which of the four is being referred to is made 
on the basis of the RSO and RS 1 at execution 
time. 

The Parity bit reflects the number of 1 s in the 
Accumulator: P = 1 if the Accumulator 
contains an odd number of 1 s, and P = 0 it 
the Accumulator contains an even number of 
Is. Thus the number of Is in the Accumulator 
plus P is always even. Two bits in the PSW 
are uncommitted and may be used as 
general purpose status flags. 
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fact accommodate 384 bytes, using a simple 
trick. Direct addresses higher than 7FH 
access one memory space, and indirect 
addresses higher than 7FHO access a 
different memory space. Thus Figure 6 shows 
the Upper 128 and SFR space occupying the 
same block of addresses, BOH through FFH, 
although they are physically separate entities. 

The Lower 128 bytes of RAM are present in 
all BOC51 devices as mapped in Figure 7. 
The lowest 32 bytes are grouped into 4 banks 
of 8 registers. Program instructions callout 
these registers as RO through R7. Two bits in 

the Program Status Word (pSW) select which 
register bank is in use. This allows more 
efficient use of code space, since register 
instructions are shorter than instructions that 
use direct addressing. 

The next 16 bytes above the register banks 
form a block of bit-addressable memory 
space. The 80C51 instruction set includes a 
wide selection of single-bit instructions, and 
the 128 bils in this area can be directly 
addressed by these instructions. The bit 
addresses in this area are OOH through 7FH. 

Data 

All of the bytes in the Lower 128 can be 
accessed by either direct or indirect 
addressing. The Upper 128 (Figure 8) can 
only be accessed by indirect addressing. 

Figure 9 gives a brief look at the Special 
Function Register (SFR) space. SFRs include 
the Port latches, timers, peripheral controls, 
etc. These registers can only be accessed by 
direct addressing. Sixteen addresses in SFR 
space are both byte- and bit-addressable. 
The bit-addressable SFRs are those whose 
address ends in OH or 8H. 

FFH .--------,..------, FFH 

Bank 
Select 
Hits in 
PSW 

Figure 5. Accessing External Data Memory 
If the Program Memory Is Internal, 

the Other Bits of P2 Are Available as I/O 

7FH 

2FH 

Bit-Addre88able Space 
Addreoaeao-7Fj (Bit } 

20H 

IFH t 11{ 
18H 

10H 

08H 

0 

10{ 
01 

00 

17H 

OFH 

07H 

4 Banks.' 
ster. 8Regi 

IID-R7 

Reset Value of 
Sblc:k Pointer 

Figure 7. Lower 128 Bytes of Internal RAM 
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• Accessible 
upper by Indirect 

128 Addressing 
Only 

eoH 

Ac:ceeaible 
by Direct 

Addressing 

eoH 

7FH ~ Accessible 
Lower by Direct 

128 and Indirect 
Addressing 

o 
Special 

Func:tion 
Registara 

{ 

P ..... SIa .... _ 

Control Bila, 
Timer, 
Regis ..... 
Stack Poin1er, 
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Figure 3. 80CSI Program Memory Figure 4. Executing from External Program Memory 

Data Memory 
The right half of Figure 2 shows the internal 
and external Data Memory spaces available 
to the 80C51 user. Figure 5 shows a 
hardware configuration for accessing up 10 2k 
bytes of external RAM. The CPU in this case 
is executing from inlernal ROM. Port 0 serves 
as a multiplexed address/data bus to the 
RAM, and 3 lines of Port 2 are being used to 
page the RAM. The CPU generates lID and 
WR signals as needed during external RAM 
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accesses. There can be up to 64k bytes of 
external Data Memol)'. External Data 
Memol)' addresses can be either 1 or 2 bytes 
wide. One~byte addresses are often used in 
conjunction with one or more olher 1/0 lines 
10 page the RAM. as shown in Figure 5. 

Two~byte addresses can also be used, in 
which case Ihe high address byte is emitted 
at Port 2. 

9 

Internal Data MernaI)' is mapped in Figure 6. 
The memol)' space is shown divided into 
three blocks, which are generally referred to 
as the Lower 128, the Upper 128, and SFR 
space. 

Internal Data Memol)' addresses are always 
one byte wide, which implies an address 
space of only 256 bytes. However, the 
addressing modes for internal RAM can in 
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80C51 ARCHITECTURE 

MEMORY ORGANIZATION 
All BOC51 devices have separate address 
spaces for program and data memory, as 
shown in Figures 1 and 2. The logical 
separation of program and data memory 
allows the data memory to be accessed by 
8-bit addresses, which can be quickly stored 
and manipulated by an 8-bit CPU. 
Nevertheless, 16-bit data memory addresses 
can also be generated through the DPTR 
register. 

Program memory (ROM, EPROM) can only 
be read, not written to. There can be up to 
64k bytes of program memory. In the 80CS1, 
the lowest 4k bytes of program are on-chip. 
In the ROMless versions, all program 
memory is external. The read strobe for 
external program memory is the PSEN 
(program store enable). 

Data Memory (RAM) occupies a separate 
address space from Program Memory. In the 
BOC51 , the lowest 128 bytes of data memory 
are on-chip. Up to 64k bytes of external RAM 
can be addressed in the external Data 
Memory space. In the ROMless version, the 
lowest 128 bytes are on-chip. The CPU 
generates read and write signals, RU and 
WR, as needed during external Data Memory 
accesses. 

External Program Memory and external Data 
Memory may be combined if desired by 
applying the RD and PSEN signals to the 
inputs of an AND gate and using the output of 
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External 
Interrupts 

80C51 family architecture 

the gata as the read strobe to the external 
Program/Data memory. 

Program Memory 
Figure 3 shows a map of the lower part of the 
Program Memory. After reset, the CPU 
begins execution from location OOOOH. As 
shown in Figure 3, each interrupt is assigned 
a fixed location in Program Memory. The 
interrupt causes the CPU to jump to that 
location, where it commences execution of 
the service routine. External Interrupt 0, for 
example, is assigned to location 0003H. I! 
External Interrupt 0 is going to be used, its 
service routine must begin at location 0003H. 
If the interrupt is not going to be used, its 
service location is available as general 
purpose Program Memory. 

The interrupt service locations are spaced at 
8-byte intervals: 0003H for External Interrupt 
O. OOOBH for limer 0, 0013H for External 
Interrupt 1. 001 BH for limer 1. etc. If an 
interrupt service routine is short enough (as is 
often the case in control applications). it can 
reside entirely within that 8-byte interval. 
Longer service routines can use ajump 
instruction to skip over subsequent interrupt 
locations, if other interrupts are in use. 

The lowest 4k bytes of Program Memory can 
either be in the on-Chip ROM or in an external 
ROM. This selection is made by strapping the 
EA (External Access) pin to either Vee, or 
Vss. In the 80C51 , if the EA pin is strapped to 
Vee, then the program fetches to addresses 
OOOOH through OFFFH are directed to the 
internal ROM. Program fetches to addresses 

PO P2 Pl P3 
'---.r---' 

Address/Data 

Figure 1. 80C51 Block Diagram 
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1000H through FFFFH are directed to 
external ROM. 

I! the EJ!\ pin is strapped to Vss. then all 
program fetches are directed to external 
ROM. The ROMless parts (8031. BOC31. 
etc.) must have this pin externally strapped to 
Vss to enable them to execute from external 
Program Memory. 

The read strobe to external ROM, PSrn. is 
used for all external program fetches. PSEN 
is not activated for internal program fetches. 

The hardware configuration for external 
program execution is shown in Figure 4. Note 
that 16 I/O lines (Ports 0 and 2) are dedicated 
to bus functions during external Program 
Memory fetches. Port 0 (PO in Figure 4) 
serves as a multiplexed address/data bus. It 
emits the low byte of the Program Counter 
(PCl) as an address, and then goes into a 
float state awaiting the arrival of the code 
byte from the Program Memory. During the 
time that the low byte of the Program Counter 
is valid on Port 0, the signal ALE (Address 
Latch Enable) clocks this byte into an 
address latch. Meanwhile, Port 2 (P2 in 
Figure 4) emits the high byte of the Program 
Counter (PCH). Then I'S"EliI strobes the 
EPROM and the code byte is read into the 
microcontroller. 

Program Memory addresses are always 16 
bits wide, even though the actual amount of 
Program Memory used may be less than 64k 
bytes. External program execution sacrifices 
two of the 8-bit ports. PO and P2. to the 
function of addressing the Program Memory. 

TXO RXO 

Counter 
Inputs 
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Table 2. 80C51 Derivative Comparisons 

DEVICE AID PORTS PWM TIMERS SERIAL PORT 

BOC51 - 4 - Two standard UART 

BOCL51 - 4 - Two standard UART 

aOC52 - 4 - Two standard, timer 2 UART 

83C053 - 3112 9 Two standard -
83CL41 0 - 4 - Two standard 12C 

83C451 - 7 - Two standard UART 

83C528 - 4 - Two standard, timer 2, watchdog (4 total) UART,12C 

83C550 a channel/8-bit 4 - Two standard, watchdog UART 

83C552 a channell1 O-bit 6 2 Two standard, timer 2, watchdog (4 total) UART,12C 

83C562 a channell8-bit 6 2 Two standard, timer 2, watchdog (4 total) UART 

83C575 4 comparators 4 5 Two standard, timer 2, PCA, watchdog UART 

87C592 8 channel/1 O-bit 6 2 Two standart, timer 2, watchdog UART,CAN 

83C652 - 4 - Two standard UART,12C 

83CS54 - 4 - Two standard UART,12C 

83C751 - 23/8 - One standard, extended to 1S-bit autoload 12C 

83C752 5 channel/a-bit 2518 1 One standard, extended to IS-bit autoload 12C 

83Ca51 - 4 - Two standard UART 

a3C852 - 2/8 - Two standard -
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83C562 
The 83C562 is an 80C51 derivative that is 
identical to the 83C552 except that the 12C 
interface has been removed and the A/D 
converter is 8 bit instead of 10 bit. 

The ROMless version of the 83C562 is the 
80C562. There is no EPROM version. For 
development and prototyping, the 87C552 
can be used. 

83C575 
The 83C575 is an 8OC51 derivative that 
contains all of the best derivative features 
that are available today. It is fully code 
compatible with the 80C51 and has the 
following features: 

• 8k program memory 

• 256 bytes RAM 

• 3 16-bit timers 

• Programmable counter array 

• Watchdog timer 

• Oscillator fail detection 

• Power fail detection 

• Enhanced UART 

• Power On flag 

• Low active reset 

• Port pins asynchronously reset low 

• 4 analog comparators 

• Port 2 active pull-ups can be disabled for 
open drain operation 

• 4 8-bit 110 ports 

• 40-pin DIP, 44-pin PLCC, 44-pin QFP 

The ROMless version of the 83C575 is the 
8OC575 and the EPROM version is the 
87C575. The EPROM version is available in 
both UV erasable and OTP. 

87C592 
The 87C592 is a microcontroller that is 
functionally fully compatible with the 80C51 
and it has a Control Area Network (CAN) bus 
interface on-chip. The 87C592 has all of the 
features of the 83C552 with the exception of 
the 12C serial interface. In addition, the 
87C592 has the following: 

• CAN bus interface 

• 16k EPROM program memory 

.512 bytes RAM 

• DMA transfer between the on-chip RAM to 
the CAN interface 

The 87C592 is available in 68-pin PLCC. 
Both UV erasable and OTP versions are 
available. 
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83C652 
The 83C652 is an 8OC5l with the following 
additions: an 8k ROM, 256 bytes RAM and 
12C serial port. 

The 83C652 is pin-far-pin compatible with the 
80C51 except for minor DC specifications on 
the 12C serial port pins. The ROMless version 
of the 83C652 is the 80C652 and the 
EPROM version is the 87C652. 

83C654 
This 8OC5l derivative is identical to the 
83C652 except that it has 16k of program 
ROM. It is pin-far-pin socket compatible with 
the 80C51. 

There is no ROMless version of this part 
because it would be identical to an 80C652. 
The EPROM version is the 87C654. 

83C751 
The 83C751 is a 24-pin derivative of the 
80C51 , for applications where small size and 
cost are of prime consideration. The 83C751 
is packaged in a 24-pin "skinny-dip" (.300 
wide) and in a 28-pin PLCC package. The 
following differences exist between the 
83C751 and the 80C51. The 83C751 has: 

• 2k bytes ROM 

• 64 bytes RAM 

• 12C serial port (no UART) 

• 19110 lines 

• Single level interrupt structure 

• One counter/timer with l6-bit autoload 

• No external memory expandability (data 
memory can be expanded using the 12C 
serial port and 12C compatible memory 
devices) 

Note that since there is no external 
expandability, the external memory 
addressing signals: WR, l'ID", P"SEN, 81:, and 
ALE are not present. Because of these 
differences, the instructions LJMP, LCALL, 
and MOVX execute as Naps in the 83C751. 

For all other instructions the 83C751 is 100% 
code compatible with the 80C5l and 
operates at full 80C51 speed. The EPROM 
version of the 83C751 is the 87C751. There 
is no ROMless version. 

83C752 
The 83C752 is a 28-pin derivative of the 
80C51 that is intended for use in automotive, 
electro-mechanical, and consumer 
applications. The 83C752 contains most of 
the features of the 80C51 with the following 
differences: 
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• 2k bytes ROM 

• 64 bytes RAM 

• Single level interrupt structure 

• One 16-bit counter/timer with 16-bit 
autoload 

• Two 8-bit and one 5-bit bidirectional 110 
ports 

• 12C serial interface 

• One PWM with timer, including overflow 
interrupt capability 

• Five channels of 8-bit AID 

• 28-pin packages, both DIP and PLCC 

The 83C752 does not have external memory 
expandability. The EPROM version of the 
83C752 is the 87C752. There is no ROMless 
version. 

83C851 
This 80C51 derivative has on-chip EEPROM 
It is socket compatible with the 80C51 and 
has all of the features of the 80C51. In 
addition to these standard features it has: 

• 256 bytes of EEPROM 

• EEPROM security mode 

• ROM code protection 

The ROMless version of the part is the 
80C85l. There is no EPROM version. 

83C852 
The 83C852 is an 80C51 derivative that has 
been developed for Secure Smart Card 
applications. The microcontroller has the 
same instruction set as the aOC5l. It has 
been specifically designed for conditional 
access and provides the highest level of 
software and access security. The features of 
the part are as follows: 

• 6k ROM program memory 

• 256 bytes RAM 

• 2k bytes of EEPROM 

• Security features 

• Two 16-bit timers 

• A special calculation unit that speeds up 
the execution time of public keys and 
secret keys cryptographic algorithms 

• Low frequency detect 

• Two 110 lines 

The 83C852 is a 6-pin microcontroller that is 
available in ROM version only. 



Philips Semiconductors 8OC51-Based a-Bit Microcontrollers 

80C51 Family 

External 1-
! 1 

cPU 

>-10j-. 

I I 

March 1993 

r 
1 

1 

1 

Bus 
Control 

! ! 
Watchdog 

TImer 
(8XC528, 
8XC550. 
81C552, 
8XC562, 
8XC575, 
8XC592) 

Fixed Rate 
TImer 

(83C75112) 

-, 
1 

1 

1 

I,/I--J 

32kROM 
in8XC528 

16k ROM 
In8XC054, 
8XC592, 
8XC654 

SkROIl 

> ~~~ 
8XC053, 
8XC552 
8XC562, 
8XC575, 
8XC652 

2kROM 
in 93C751, 
83C752 

256EEPROII 
83C851 

r--, 

128 I----} 
RAil 

-" , :". 

Four 110 Ports 

~ ;>. 

V ;,. " 

512 RAil 
InUXC52B, 
8XC592 

258 RAil 
in 8052, 
8XC52, 
8XC552, 
8XC582, 

> :~~~ 
8XC654 

64 RAil 
in 83C751, 
83C752 

--
I/O 

POI1 

-, 
1 

;>. n~ 
;,. 

PO P2 Pt P3 P4-PS-P6 

'----v----' 
Address/Data 

80C51 family overview 

I ~~5) I 
TImer 2 

1= 1 
I <::1!: 1 
I- ~C5922... .J 

Trmer 2 l..---
1 

(8052, 
8XC52, 
UXC529, 
8SC575) 1- > C_ 

Inputs 

Timer 1 I--
1-----1 

Timer 0 

Serial 
Po ... 

~ 1 

I--

AID 
(8XC55O, 
8XC552, 
8XC582, 
8XC592, 
8XC752) 

__ SCL 

__ !iff.irl 

TXD RXD 

PWMSya1em 

--". (8XC552, 
8IC582, 

V 8XC575, 
8XC592, 
8XC7S2) 

ilc 

Port 

rv-

NOTES: 
PO-P3 lor 8051, 8052, 8XC52, 8XCL410. 

8XC528, 8XC551, 8XC575, 8XC652, 8XC854 
PO-P5 for 8XC552. axC562. 8XC592 
PO-P6 for 8XC451 
Part of PO. and Pl. P3 for 8XC751 and 8XC752 

Figure 1. OOC51 Family Block Diagram 

5 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

80C51 Family 

8052 
The 8052 is an enhanced version of the 
8051. It is fabricated with NMOS technology, 
and is upwards compatible with the 8051. Its 
enhancements over the 8051 include: 

• 256 bytes of on-<>hip data RAM 

• Three counter/timers 

• A 6-source interrupt structure 

• 8k bytes of on-chip program memory 

• 40-pin DIP and 44-pin PLCC packages 

The ROMless version of the 8052 is the 
8032. 

80C52 
The 80C52 is the CMOS version of the 8052. 
Functionally it is fully compatible with the 
8052, but being CMOS it draws less current 
than its NMOS counterpart. 

The ROMless version of the 8OC52 is the 
80C32. The EPROM version is the 87C52. 

83C053 
The 83C053 is a derivative of the 8OC51 that 
is intended for use as the central control 
mechanism in a television. It provides tuner 
functions and has an on-screen display 
facility. The main features of the part are: 

• 8k ROM (83C053) 

• 16k EPROM (87C054) 

• 192 bytes RAM 

• On-screen display controller 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
controls 

• 128 x 10 display RAM 

• 60 x 18 x 14 character generator ROM 

• Eight6-bit PWM 

• One 14-bit PWM 

• Four high current open-drain port outputs 

• Twelve high voltage (+ 12V) open-drain 
outputs 

• Programmable video input and output 
polarities 

• 42-pin shrink DIP 

There is no ROMless version of the part. The 
EPROM version is the 87C054. 
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83CL41 0 
The 83CL410 is a derivative of the 8OC51 
that operates at very low supply levels and 
frequency. At lower supply levels and 
frequency, the part has dramatically reduced 
power dissipation. This part is ideally suited 
for low voltage battery operation. The part 
has all of the features of an 80C51 , except 
the full-duplex UART. The additional features 
of the 83CL41 0 are: 

• 12(; serial interface 

• Warm start from power-down mode 

• 32kHz to 20MHz frequency operation (can 
be operated to DC with an external 
oscillator) 

• Power supply range: 1.5to 6V 

This part is socket compatible with the 
aOC51. The ROMIess version is the 
aOCL410. There is no EPROM version. 

83C451 
The 83C451 is an extended 110 version of the 
aOC51 with the following features: 

• Seven 8-bit quasi-bidirectional 110 ports 
(PLCC version) 

• Six a-bit and one 4-bit quasi-bidirectional 
110 ports (DIP version) 

• Mailbox port (port 6) features: 

- Operation as normal quasi-bidirectional 
I/O port 

- Four handshake control pins 

- Control status register 

- Input and output buffer registers making 
port 6 suitable for: 

direct MPU interface 

parallel printer interface 

• 64-pin DIP and sa-pin PLCC packages 

All other aspects of the 83C451 are identical 
to the 80C51. The ROMless version of the 
a3C451 is the 8OC451 , and the 87C451 is the 
EPROM version. 

83C528 
This is an extended memory version of the 
80C51. It is socket compatible with the 
80GSI and has all of the 80CSI features 
plus: 

• 32k bytes of ROM 
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.512 bytes of RAM 

• A third IS-bit counterltimer (identical to the 
8OG52T2) 

• A watchdog timer with separate oscillator 

• An 12C serial port 

• Warm start from power-down mode 

The ROMless version of the 83C528 is the 
8OC528, and the EPROM version is the 
87C528. 

83C550 
The 83C550 is a 4O-pin derivative of the 
8OC51 that has an 8 channel, 8-bit NO 
converter. In addition to having all of the 
features of an 8OCS1, the part has: 

• 8 channel, 8-bit NO 

• Watchdog timer 

Although the 83C550 is available in a 40-pin 
package, it is not socket compatible with the 
8OCS1, because of its analog features. 

The ROMless version of the 83C550 is the 
8OC550 and the EPROM version is the 
87C550. 

83C552 
The 83C552 is an extended function 80CSI 
with the following features: 

• 8k bytes of ROM 

• 256 bytes RAM 

• 1 O-bit 8 channel ND 

• Counter/timer array with high speed 
outputs and capture inputs 

• Four counter/timers (including a watchdog 
timer) 

• Two PWM outputs 

• 8051 full duplex UART 

• Six 8-bitl/0 ports 

• 12C serial port 

• 68-pin PLCC package 

The 83C552 is 100% code compatible with 
the 80CSI. The ROMless version of the 
83C552 is the 80C552 and the EPROM 
version is the 87C552. 
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8OC51 FAMILY OVERVIEW 
The Philips 80C51 family of products is 
based on the industry standard for 8-bit high 
performance microcontrollers. The 
architecture for the family has been optimized 
for sequential real time control applications. 
The 8OC51 family of products are used in a 
wide range of applications from those that are 
relatively simple to applications in medical 
instrumentation and automobile control 
systems. All of the devices induded in the 
family are available in versions that have 
either internal ROM, EPROM, or CPU only. 
With the exception of the 83C751 and 752 
(which are limited to on-board memory) all of 
the devices in the family can address up to 
64k bytes of both program and data memory. 

The 80C51 family of microcontrollers indudes 
the devices listed in Table 1. The basic 
architecture of these devices is shown in 
Figure 1. 

8051 
The 8051 is the original member of the family. 
Among the leatures of the 8051 are: 

• 8-bit CPU optimized for control applications 

• Extensive Boolean processing (single-bit 
logic) capabilities 

• 32 bidirectional and individually 
addressable 110 lines 

• 128 bytes of on-chip data RAM 

• Two 16-bit timer/counters 

• Full duplex UART 

• 5-source interrupt structure with 2 priority 
levels 

• On-chip clock oscillator 

• 4k bytes of on-chip program memory 

• 64k bytes program memory address space 

• 64k bytes data memory address space 

• 40-pin DIP and 44-pin PLCC packages 

The 8031 is a CPU only version of the 8051 
and differs lrom the 8051 in that it does not 

Table 1. 80C51 Family of Mlcrocontrollers 

DEVICE ROMless EPROM ROM RAM 
NAME VERSION VERSION BYTES BYTES 

8051 8031 - 4k 128 

BOC51 8OC31 87C51 4k 128 

87C51FB - B7C51FB 16k 256 

8OCL51 - - 4k 128 

8052 8032 - 8k 256 

80C52 80C32 87C52 8k 256 

83C053 - 87C054 8k 192 

83CL410 8OCL410 - 4k 128 

83C451 BOC451 87C451 4k 128 

83C528 8OC528 87C528 32k 512 

83C550 BOC550 87C550 4k 128 _ 

83C552 8OC552 87C552 8k 256 

83C562 80C526 - 8k 256 

87C575 80C575 87C575 8k 256 

83CL580 8OCL580 -

87C592 - 87C592 16k 512 

87C598 - 87C598 32k 512 

83C652 80C652 87C652 8k 256 

83C654 - 87C654 16k 256 

87C750 - 87C750 Ik 64 

83C751 - 87C75 I 2k 64 

83C752 - 87C752 2k 64 

83C851 8OC851 - 4k 128 

83C852 - - 6k 256 

March 1993 3 

80C51 family overview 

have on-chip ROM. The 8031 fetches all 
instructions from external memory. 

8OC51 
The 80C51 is the CMOS version of the 8051. 
Functionally it is fully compatible with the 
8051, but being CMOS it draws less current 
than its NMOS counterpart. 

The ROMless version 01 the 80C51 is the 
80C31. The EPROM version is the 87C51. 

8OCL51 
The 80CL51 is a low power version of the 
8OC51. Functionally it is fully compatible with 
the 80C51 and 8051. The part can be 
operated at voltages from 1.8V to 6V and at 
oscillator frequencies from DC to 12MHz. The 
main benefit of this part is its ability to 
significantly reduce the current consumption 
in an application when it is operated at 
voltages and frequencies that are lower than 
those which the 80C51 will operate. 

tS-BIT CIRCUIT 
TIMERS TYPE 

2 NMOS 

2 HMOS 

4 CMOS 

2 SACMOS 

3 NMOS 

3 CMOS 

2 CMOS 

2 CMOS 

2 CMOS 

3+WD CMOS 

2+WD CMOS 

3+WD CMOS 

3+WD CMOS 

3+PCA+WD CMOS 

CMOS 

3+WD CMOS 

3+WD CMOS 

2 CMOS 

2 CMOS 

I CMOS 

I CMOS 

1 CMOS 

2 CMOS 

2 CMOS 
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8-bit microcontroller demonstration and 
evaluation boards 

12C demonstration board based on 84CXX derivatives (OM4151) 

12C LCD driver demonstration board with 84CXX microcontroller 

12C bus analyzer (with 84CXX) 

12C demonstration board based on 80C51 derivatives (S87COOK) 

8051 family demonstration board (OM4238, P8051 DB) 

8XC552 evaluation board (OM4128) 

CAN controller evaluation board (OM4130, PCAN-EVAL) 

8XC592 evaluation board (OM4239) 

68070 demonstration and evaluation board MicroCore I (OM4160, SM68070) 

90C100 family demonstration and evaluation board MicroCore III (OM4160/3, SM90C100) 
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Philips Semiconductors 80C51·Based 8-81t Mlcrocontrollers 

CMOS 16-bit microcontroller family 

16·BIT CONTROLLERS 

TYPE (EP)ROM RAM SPEED FUNCTIONS REMARKS DEVELOPM ENT TOOLS 
(MHz) 

68070 - - 17.5 2 DMA channels, MMU, UART, 16-bit 0M4160 Microcore 
timer, f2C, 68000 bus interface, 0M4161 (SBE68070) 
16Mb address range TRACE32-ICE60070 (Lauterbach) 

0M4222 90C Development 
system (planned) 

93Cl0l 34k 512 15 Derivative with low power modes Low power 
micro-
controller 

9OC100 - 512 15 UART, 12C, 3 16-bit timers, 0M4160/3 Microcore 3 
93C100 34k 512 15 BOC51 interface, 68000 interface, 0M4201WP (SBE90C110) 
97Cl00 32k 512 15 40 1/0 lines, 2Mb address range 0M4220 90C Development system 

(EPROM) TRACE32-ICE93Cll0 
(Lauterbach) 

16·BIT MICROCONTROLLER FAMILyl 

PART ROM RAM EEPROM 16·BIT SERIAL DMA COUNTER! EXTERNAL SPEED PACKAGES SPECIAL 
NO. VO 1/0 CHANNELS TIMER INTERRUPTS MHz FEATURES 

PORTS 

68070 - - - - UART, 2 12 6 10,12, PLCC84 Memory 
12C 15, OFP120 management unit 

17.5 68000 bus interface 

9OC100 - 512 - 2 + 1/2 UART, - 12 8 15 PLCCB4 80C51 bus interface 
12C OFP80 68000 bus interface 

93Cl00 34k 512 - 2 + 1/2 UART, - 12 8 15 PLCCB4 80CSl bus interface 
12C OFPOO 68000 bus interface 

97C100 32k 512 - 2 + 1/2 UART, - 12 8 15 PLCC84 80C51 bus interface 
EPROM 12C CLCC84 68000 bus interface 

OFP80 

NOTES: 
1. 68000 software compatible. 
2. 16-bit timer with two matchlcount'capture registers. 
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Philips Semiconductors 80C51~Based 8~Bit Microcontrollers 

CMOS and NMOS 8-bit microcontroller family 

3300 FAMILY CMOS 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS 
(MHz) SDS 

3315A 1.5k 160 10 DIL28/S028 20110 lines OM1083 OM1025(LCDS) 
8~bittimer 

VDD > 1.8V 

3343 3k 224 10 DIL28/S028 20110 lines OM1083 OM1025(LCDS) 
8~bittimer 

VDD > 1.8V 
Byte 12C 

3344A 2k 224 3.58 DIL28/S028 20110 lines OM107l OM1025(LCDS) 
8~bittimer +OM1028 
DTMF generator 

3346A 4k 128 10 DIL28/S028 20110 lines OM1076 
8~bit timer 
Byte 12C 
256 bytes EEPROM 
VDD < l.8V 

3347 1.5k 64 3.58 DIL20/S020 12110 lines OM1071 + OM1025(LCDS) 
8~bittimer Adapter_2 +OM1028 
DTMF generator 

3348A 8k 256 10 DIL28/S028 20110 lines OM1083 OM1025(LCDS) 
8~bittimer 
Byte 12C 
VDD < l.8V 

3349A 4k 224 3.58 DIL28/S028 20110 lines OM1071 OM1025(LCDS) 
8~bit timer + OM1028 
DTMF generator 

3350A 8k 128 3.58 VS064 30110 lines 
8~bit timer 
DTMF generator 
256 bytes EEPROM 

3351A 2k 64 3.58 DIL28/S028 20110 lines OM5000 
8~bittimer 

DTMF generator 
128 bytes EEPROM 

3352A 6k 128 3.58 DIL28/S028 20110 lines OM5000 
8~bittimer 

DTMF generator 
128 byte EEPROM 

3353A 6k 128 16 DIL28/S028 20110 lines March '92 OM5000 
8~bittimer 

DTMF generator 
Ringer out 
128 bytes EEPROM 

3354A 8k 256 16 QFP64 361/0 lines June '92 OM4829 + OM4829: Probe 
8~bittimer OM5003 base 
DTMF generator 
Ringer out 
256 bytes EEPROM 

3301B Piggyback for 3315, OM1083 
3343,3348 

3344B Piggyback for 3344, OM1071 
3347,3349 

3346B Piggyback for 3346 OM1076 
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CMOS and NMOS a-bit microcontroller family 

8400 FAMILY CMOS (Continued) 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS 
(MHz) SDS 

84C646 6k 192 10 DIP42 shrunk 30 1/0 lines 12C, RC OM4829+ OM4833 for 
84C846 8k 192 10 DOS clock = 12C, RC OM4832 LCD584 

PLL 
8 bit timer 
1-14 bit PWM 
4-6bitPWM 
4-7bitPWM 
3-4bitADC 
DOS: 64 disp. 
RAM 
62 char. fonts 
Char. blinking 
Shadow modes 
8 foreground 

colors/char. 
8 background 

colorslword 
DOS: clock: 
8 .. 20MHz 

84C85 8k 256 10 DIL40NS040 32 1/0 lines CM1070 
8-bittimer 
Byte 12C 

84C85B 0 256 10 Piggyback for C85 

84C853 8k 256 16 DIL40NS040 33 1/0 lines OM1081 
8-bittimer 
16-bit up/down 
counter 
16-bit timer with 
compare and 
capture 

84C853B 0 256 16 Piggyback for C853 

84C270 2k 128 10 DIL40NS040 81/0 lines OM1077 
84C470 4k 128 10 DIL40NS040 16'8 capture 

keyboard matrix 
8-bittimer 

84C270B 0 128 10 Piggyback for C270 

84C470B 0 128 10 470 also Piggyback for C470 
handles mech. 
keys 

84C271 2k 128 10 DIL40 8110 lines OM1078 
16'8 mech. 
keyboard matrix 
8-bittimer 

8400 FAMILY NMOS 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS EMULATOR REMARKS 
(MHz) TOOLS 

8411 lk 64 6 DIL28/S028 20110 lines OM1084 OM1025 
8421 2k 64 6 DIL28/S028 8-bit timer (LCDS)+ 
8441 4k 128 6 DIL28iS028 Byte 12C 
8461 6k 128 6 DIL28/S028 

OM1026 

8422 2k 64 6 DIL20 13110 lines PM8327/20+ On PMDS 
8442 4k 128 6 DIL20 8-bittimer PM8447 

Bitl2C 

8401B 0 128 6 28-pin Piggyback for 84Xl 
8401WP 0 128 6 PLCC68 Bond out 
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CMOS and NMOS 8-bit microcontroller family 

8400 FAMILY CMOS 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS 
(MHz) SDS 

84C21A 2k 64 10 DIL28/S028 20110 lines OM1083 OM1025 
84C41A 4k 128 10 DIL28/S028 8-bittimer (LSDS) 
84C81A 8k 256 10 DIL28/S028 Byte 12C 

84C22A 2k 64 10 DIL20/S020 131/0 lines OM1083 + OM1025 
84C42A 4k 64 10 DIL20/S020 8-bittimer Adapter_1 (LSDS) 
84C12A 1k 84 16 DIL20/S020 

DIL20/S020 

84COOB 0 256 10 28 pins 20110 lines Piggyback OM1080 
8-bittimer 
Byte 12C 

84COOT 0 256 10 VSO-56 ROMless OM1080 ._-
84C121 1k 64 10 DIL20/S020 131/0 lines OM1073 OM1025(LEDS) 

2 8-bit timers 
8 bytes 

84C121B 0 64 10 EEPROM Piggyback OM1027 

84C122A 1k 32 10 A:S020 Controller for 422/822 OM4830 
84C122B B:S024 remote control in dev. 
84C422A 4K 32 C:S028 A: 121/0 
84C422B B: 161/0 
84C822A 8K 32 C:20 1/0 
84C822B 
84C822C 

84C230 21 64 10 DIL40NS040 12110 lines OMlO72 
8-bittimer 
16"4 LCD drive 

84C430 4k 128 10 QFP64 241/0 lines OM1072 
8-bittimer 
Byte 12C 
24"4 LCD drive 

84C430BH 0 128 10 Piggyback for C230 
and C430 

84C633 6k 256 16 VS056 281/0 lines OM1086 
8-bittimer 
16-bit upldown 
counter 
16-bittimer 
with compare 
and capture 

84C6338 0 256 16 16"4 LCD drive 

84C440 4k 128 10 DIP42 shrunk RC: 29 1/0 lines 12C, RC OM1074 For emulation of 
84C441 4k 128 10 LC: 28 1/0 lines 12C, LC LC versions, 
84C443 4k 128 10 8-bit timer RC useOM1074 + 
84C444 4k 128 10 114-bitPWM LC adapter_3 + 
84C640 6k 128 10 56-bitPWM 12C, RC 2 adapter_5 
84C641 6k 128 10 3-bitADC 12C, LC 
84C643 6k 128 10 OSD 2L-16 RC 
84C644 6k 128 10 LC 
84C840 8k 192 10 12C, RC 
84C841 8k 192 10 12C, LC 
84C843 8k 192 10 RC Baud for LCDS 
84C844 8k 192 10 LC OM4831 
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Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

CMOS and NMOS 8-bit microcontroller family 

8051 FAMILY NMOS 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE THIRD PARTY REMARKS 
(MHz) SDS EMULATOR 

8051 4k 128 15 DIL40/PLCC44 UART, 2 timers OM1091 + 8052PC(M) 
8031 0 128 15 DIL40/PLCC44 OM1097 OPD-C51 B(N) 

8052 8k 256 15 DIL40/PLCC44 UART, 3 timers 0M4111 + 8052PC(M) 
8032 0 256 15 DIL40/PLCC44 UART, 3 timers OM4110 OPD-C51B(N) 

8048 FAMILY NMOS 

TYPE ROM RAM SPEED PACKAGE 
(MHz) 

8048 1k 64 11 DIL40/PLCC44 
8035 0 64 11 DIL40/PLCC44 

8049 2k 128 11 DIL40/PLCC44 
8039 0 128 11 DIL40/PLCC44 

8050 4k 256 11 DIL40/PLCC44 
8040 0 256 11 DIL40/PLCC44 

8048 FAMILY CMOS 

TYPE ROM RAM SPEED PACKAGE 
(MHz) 

80C49 2k 128 15 DIL40/PLCC44 
80C39 0 128 15 DIL40/PLCC44 
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Philips Semiconductors BOCS1-Based B-Bit Microcontroliers 

CMOS and NMOS 8-bit microcontroller family 

80CLXXX FAMILY CMOS 

TYPE ROM RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS 
(MHz) SDS 

BSCLOOO 0 256 12 Piggyback Piggyback 
CL410, CL411, 
CLS1, P80C51 

B5CL580 0 256 12 Piggyback Piggyback 04192 
CL580 

85CL781 0 256 12 Piggyback Piggyback 04/92 
CL7B1, CL7B2, 

CLS2 

BOCL51 4K 128 12 DIL40 2 timers, UART OM1079 
BOCL31 0 128 12 VS040 

BOCL52 8K 256 12 DIL401 3 timers, UART 01,93 OM1079 + OM1079: Probe 
80CL32 0 256 12 OFP44 OM5004 + base 

tbd OM5004: Probe 
adap 

83CL410 4k 128 12 DIL40 2 timers OM1079 
8OCL410 0 128 12 VS040 Byte 12C 

83CL411 4k 256 12 DIL401 2 timers 01,93 OM1079 
OFP44 UART 

83CL580 6k 256 16 OFP641 3timers, UART 04/92 OM1079 + OM1079: Probe 
VS056 Watchdo~ timer OM5004 base 

Byte I C, OM5004: Probe 
1 PWM adap 

4'8 bitADC 

83CL781 16k 256 12@ DIL40 3timers, UART 04/92 OM1079 + OM1079: Probe 
83CL782 16k 256 4.5V OFP44 Byte 12C OM5004 + base 

12@ tbd OM5004: Probe 
3V adap 

83CL167 16K 256 12 SDIL64 3timers In Dev OM4840 
83CL267 12K 256 12 OFP64 1·14 bit PWM OM1079 

4-6bitPWM 
4-7bitPWM 
4'4 bitADC 
Byte 12C 
160 charOSD 
126 char fonts 
4 char sizes 
Shadow mooes 
ODS PLLosc. 

10MHz 
Blinking 

83Cl168 16K 256 12 SDIL64 3timers In Dev OM4840 + 
83CL268 12K 256 12 OFP64 1-14 bit PWM OM1079 

4-6 bit PWM 
4-7 bit PWM 
4'4 bitADC 
RC 
preprocessor 

Byte 12C 
3 wire serial 110 
160 charOSD 
126 char fonts 
4 char sizes 
Shadow modes 
ODS PLL osc. 

10MHz 
Blinking 
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Philips Semiconductors 80C51-Based 8-Bit Microcontroliers 

CMOS and NMOS a-bit microcontroller family 

80C51 FAMILY CMOS (Continued) 

TYPE ROMI RAM SPEED PACKAGE FUNCTIONS REMARKS PROBE 
EPROM (MHz) SDS 

8OC592 0 512 16 LCC68/oFP80 BXC552 + CAN OM4110 + 
83C592 16k ROM 512 16 interface OM4112 
87C592 16k EPROM 512 16 

87CE598 32KROM 512 16 OFP80 8xC552 + CAN BO/83CE: OM4110+ 
87CE598 32KEPROM 512 16 interface samp: 01-93 OM4114 
8OCE59B 0 512 16 No 12C prod: 03-93 

87CE: 
prod: 01-93 

8OC652 0 256 16,24 DIL40/LCC44 UART, 2 timers OM1092+ 
83C652 8kROM 256 16,24 OFP44 Byte 12C OM1096 
87C652 8k EPROM 256 16,20 

83C6S4 16k ROM 256 16,24 DIL40/LCC44 UART, 2 timers OM1092+ 
87C654 16k EPROM 256 16,20 OFP44 Byte 12C OM1096 

83CE654 16k ROM 256 16 OFP44 UART, 2 timers 83C654 with OM1092 + 
Byte 12C Electromagneti OM1096 

c Compatibility 
improvements 

83C751 2kROM 64 16 DIP24 skinny 1 timer OMlO94P 
LCC28 Bitl2C 

87C751 2k EPROM 64 16 DIP24 skinny 

83C752 2kROM 64 16 DIP28, LCC28 1 timer, OM5072 
PWMoutput, 
58-bitADC 
inputs, 

83C752 2k EPROM 64 16 DIP 28, LCC28 Bitl2C 

80C851 0 128 16 DIL40/LCC44 UART, 2 timers OM1092 
83C851 4kROM 128 16 OFP44 256 byte 

83C852 6kROM 256 6 2k byte OM4119 
EEPROM 
smart card 
hardware CU 

83C053 8kROM 192 12 DIP42 Shrunk 2 timers, OM5054 
14-bitPWM, 
8-6 bit PWM 
128 char. OSD 
3 4-bit AID inp. 

83C054 16k ROM 192 12 DIP42 Shrunk As 8XC053 OM5054 
87C054 16k EPROM 192 12 DIP42 Shrunk 

83C055 16k ROM 256 12 DIP42 Shrunk As 8XC053 In dey. OM5054 
87C055 16k EPROM 256 12 DIP42 Shrunk . The follOWing mlcrocontoliers have no external memory access: 8XC751, 8XC752, 8XC053, 87C054, 83C852. 

M ~ Metlink 
N - Nohau 
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THIRD PARTY REMARKS 
EMULATOR 

POD-592(N) OM4110: 
gen. probe 
OM4112: 
probe head 
OM4120S: 
full speed 

OM4110: 
probe base 
OM4115: 
OFP 
adapter 

B3652PC(M) 
POD-C51 B(N) 

83654(M) OM1092: 
Universal 
probe 

POD-C51 B(N) OM1095: 
Upgrade 
unit 

83654(M) OM1092: 
Universal 
probe 

POD-C51 B(N) OM1095: 
Upgrade 
unit 

83751PC(M) 
POD-C7S1(N) 

83752A(M) 

POD-C752(N) 

80851PC(M) 
POD-C51(N) 

BOC053PC(M) 

POD-054(N) 

POD-054(N) 



Philips Semiconductors 80C51-Based B-Bit Microcontrollers 

CMOS and NMOS 8-bit microcontroller family 

aoc51 FAMILY CMOS 

TYPE ROMI 
EPROM 

80C31 0 
80C51 4kROM 
87C51 4k EPROM 

80C32 0 
80C52 8kROM 
87C52 8k EPROM 

8OC451 0 
83C451 4kROM 
87C451 4k EPROM 

87C524 16K 
EPROM 

83C528 32kROM 
87C528 32kEPROM 

83CE528 32kROM 

83C550 4kROM 
87C550 4k EPROM 

80C552 0 
83C552 8kROM 
87C552 8kEPROM 

83CE558 32KROM 
87CE558 32K FLASH 
80CE558 0 

80C562 0 
S3C562 8kROM 

80C575 0 
83C575 Sk 
87C575 8kEPROM 

M = Metlink 
N = Nohau 

March 1993 

RAM 

128 
128 
128 

256 
256 
256 

128 
128 
128 

512 

512 
512 

512 

128 
128 

256 
256 
256 

lK 
1K 

256 
256 

256 
256 
256 

SPEE PACKAGE FUNCTIONS REMARKS 
0 

(MHz) 

33 UART, 2 timers 
33 DIL40, LCC44 
33 OFP44 

20 UART, 3 timers 
20 
20 DIL40, LCC44 

OFP44 

16 UART, 2 timers 
16 DIP64/LCC68 Extended 1/0 
16 

20 DIL40/LCC44 UART, 3 timers 
Watchdog timer 
Bit 12C 

16 DIL40/LCC44 UART, 3 timers 
16,20 (OFP44) Watchdog 

timer 
Bit 12C 

16 CEONLYOFP 

16 LCC44 UART, 2 timers 
16 DIL40 88-bitADC 

inputs, 
watchdog timer 

16,24 LCC68/0FP80 UART, 2 timers 
16,24 1imerwith 

16 compare and 
capture, 2 
PWM outputs, 
810-bitADC 
inputs, Byte 
12C 

16 OFP80 As 8xC552 with S9C: 04-92 
16 PLL-osciliator 83C: 02/3-93 

Auto scan ADC 

16 LCC68/0FP80 UART, 2 timers 
16 1imerwith 

compare and 
capture, 
2PWM 
outputs, 8 S-bit 
ADC inputs 

16 DIL40, LCC44 3 timers 1 
16 OFP44 Enhanced 
16 UART, PCA, 

4 analog 
comparators 

xvi 

PROBE THIROPARTY REMARKS 
SOS EMULATOR 

OM1092 8052PC(M) OM1092: 
+OM1097 Universal 
(16MHz) probe 

POD-CS1B(N) OM1095: 
Upgrade 
unit 

OM4111 + 8052PC(M) 
OM4110 POD-C32(N) 

OM4123 83C451PC(M) OM4124: 
POD-C451B(N) PLCCto 

DIL 
OM4125: 
DIL to 
PLCC 

OM4111 + 83528PC(M) OM4110: 
OM4110 POD-C528(N) gen. probe 

OM4111: 
probe head 

OM4111 + 83C528PC(M) 0M4110: 
OM4110 gen. probe 

POD-C528(N) OM4111: 
probe head 
OM4120-S 
for max. 
speed 

OM5055 + 83550(M) OM4110: 
OM4110 POD-C550(N) probe base 

OM1092 + 83C552PC(M) OM1092: 
OM1095 POD--C552B(N) Universal 

probe 
OM1095: 
Upgrade 
unit 

OM4110 + 0M4110: 
OM4271 probe base 
(in dev) OM4115; 

OFPSO 
adapter 

OM1092+ 83C552PC(M) OM1092: 
OM1095 Universal 

probe 
POD-C552B(N) OM1095: 

Upgrade 
unit 
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Microcontroller bulletin boards 

To better serve our customers, Philips maintains a microcontroller bulletin board_ This computer bulletin board system features a microcontroller 
newsletter, application and demonstration programs for download, and the ability to send messages to microcontroller application engineers_ 
The system can be accessed with a modem at 2400, 1200, or 300 baud_ 

The telephone numbers are: 

(800) 451-6644 (in the U.S.) 
or 

(408) 991-2406 

Please call us anytime! 

We also have a ROM code bulletin board through which you can submit ROM codes_ This is a closed bulletin board for security reasons_ To get 
an ID, contact your local sales office_ The system can be accessed with a 2400, 1200, or 300 baud modem, and is available 24 hours a day_ 

The telephone number is: 

(408) 991-3459 
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Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

80C51 microcontroller development system support 

DEVELOPMENT SYSTEM CONTACTS 

COMPANY ADDRESS TELEPHONE 

Ashling Microsystems Limited Plassey Technological Park (353) 63-334466 
Limerick, Ireland 

BSO Tasking 128 Technology Center (61 7) 894-7800 
P.O. Box 9164 
Waltham, MA 02254-9164 

Ceibo Ltd. 105 Gleason Rd. (617) 863-9927 
Lexington, MA 02173 

Merkazim Building, Industrial Zone 972-52-555387 
p.o. Box 2106 
Herzelia 46120, ISRAEL 

Nohau Corp. 51 E. Campbell Ave. (408) 866-1820 
Campbell, CA 95008 

MetaLink Corp. 325 E. Elliot Road, Suite 23 (602) 926-0797 
Chandler, AZ 85225 

Philips Semiconductors Corporate Centre 31-40-724223 
Building BAE-2 
p.o. Box 218 
5600 MD Eindhoven 
The Netherlands 

SIGNUM Systems 171 E. Thousand Oaks Blvd., (805) 371-4608 
#202 
Thousand Oaks, CA 91360 

EPROM PROGRAMMING SUPPORT CONTACTS 

Advin Systems Logical Devices, Inc. North Valley Products 
1 050-L East Duane Ave. 1201 Northwest 65th Place p.o. Box 32899 
Sunnyvale, CA 94086 FI. Lauderdale, FL 33309 San Jose, CA 95152 
(408) 736-2503 (305) 974-0967 (408) 929-5345 

BP Microsystems Logical Systems Strebor Data Communications 
10681 Haddington #190 P. O. Box 6184 1008 N. Nob Hill 
Houston, TX 77043 Syracuse, NY 13217-6184 American Fork, UT 84003 
(800) 225-2102, (713) 461-9430 (315) 478-0722 (801) 756-3605 

Data 110 Corp. Needham's Electronics 
10525 Willows Road N.E. 4535 Orange Grove Ave. 
P.O. Box 97046 Sacramento, CA 95841 
Redmond, WA 98073-9746 (916) 924-8037 
(206) 881-6444 

SOFTWARE SUPPORT CONTACTS 

COMPANY ADDRESS TELEPHONE 

Franklin Software, Inc. 888 Saratoga Ave. #2 (408) 296-8051 
San Jose, CA 95129 

Archimedes Software, Inc. 2159 Union SI. (415) 567-4010 
San Francisco, CA 94123 

BSOfTasking Tasking Software BV 31-33-55-85-84 (Telephone) 
P.O. Box 899 31-33-55-00-33 (Fax) 
3800 AW Amersfoort 
The Netherlands 

BSO Tasking (617) 894-7800 (Telephone) 
128 Technology Center (617) 894-0551 (Fax) 
P.O. Box 9164 (710) 324-0760 (Telex) 
Waltham, MA 02254-9164 (800) 458-8276 (Toll Free) 

NOTE: 
For more information on Development Support, see Section 7 of this book. 
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Philips Semiconductors 8OC51-Based II-Bit Microcontrollers 

8051 microcontroller cross-reference guide 

INTEL AMD SIEMENS OKI MATRAlHARRIS PHILIPS SEMICONDUCTORS 

NMOS 8039AL MABB039HISCN8039H 
8049AH MABB049HISCN8049H 
8040AHL MABB040HISCN8040H 
80S0AH MABB050HISCN8050H 

8031AH 8031AH SABB031A MABB031AH/SCN8031 H 
8051AH 80S1AH SAB80S1A MABB051AH/SCN8051 H 
8032AH SAB8032A MABB032AH/SCN8032H 
8052AH SAB8052A MABBOS2AHISCN8052H 

CMOS 80C31BH 80C31BH SAB80C31 MSM80C31 8OC31 PCBBOC31 BH-2!SC80C31 BCC 
80C31BH-l 80C31-1 PCBBOC31 BH-3ISC80C31 BCG 
80C31BH-2 MSM80C31 8OC31 ISC80C31 BCB 

80CS1BH 80sfBH SAB 80CSl MSM80CSl 80CSl PCBBOCSl BH-2!SC80CSl BCC 
8OCS1BH-l 80CS1-l PCBBOCS1BH-3ISC80CS1BCG 
80CS1BH-2 MSM80CSl 80CSl ISC80CS1BCB 

87CSl 87CSl SC87CS1CC 
87CS1-l SC87CS1CG 
87CSl-2 SC87C51CB 

8OC32 P80C32EB 
8OC32-1 P80C32GB 
80CS2 80CS2T2 P80CS2EB 

8OC52-1 P80C52GB 

NOTES: 
1. Siemens8032A-16 = 16MHz8032. 
2. AMD BOC52T2 = 8OC52 without T2. 
3. 80XXAHL = BOXX with low power standby pin; H = HMOS. 

March 1993 xiii 



Philips Semiconductors Microcontroller Products 

Single-chip 8-bit microcontroller 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER 

Storage temperature range 

Voltage on any other pin to Vss 

Input, output current on any single pin 

Power dissipation 

DC ELECTRICAL CHARACTERISTICS 
Tamb = O°C to +70°C Vcc = 5V ±10% Vss = Ov4. 5 

SYMBOL PARAMETER 

VIL Input low voltage 

VIH Input high voltage; except XTAL2, RST 

VIHl Input high voltage to RST for reset, XTAL2 

VOL Output low voltage; ports 1, 2, 36 

VOLl Output low voltage; port 0, ALE, PSEfiI6 

VOH Output high voltage; ports 1, 2, 3 

VOH1 Output high voltage; port 0, ALE, I'SEI'P 

IlL Logical 0 input current; ports 1, 2, 3 

IIHl Input high current to RST for reset 

III Input leakage current; port 0, EJI: 

1112 Logical 0 input current for XTAL2 

Icc Power supply current 

Cia Pin capacitance 

Tomb = -40"C 10 +85"C, Vee = 5V ±10%, Vss = OV 

SYMBOL PARAMETER 

VIH Input high voltage; except XTAL2, RST 

VIHl Input high voltage to RST and XTAL2 

1112 Logical 0 input current for XTAL2 

Icc Power supply current 

NOTES: 

Product specification 

8031 AH/8051 AH 

RATING UNIT 

~5to+1SO °C 

-0.5 to +7.0 V 

10 mA 

1.0 W 

TEST LIMITS 

CONDITIONS MIN MAX UNIT 

-0.5 O.B V 

2.0 Vcc+0.5 V 

XTALl to Vss 2.5 Vcc+0.5 V 

IOL = 1.6mA 0.45 V 

IOL =3.2mA 0.45 V 

IOH =-SOuA 2.4 V 

IOH =-400uA 2.4 V 

VIN =0.45V ~OO "" VIN < Vcc -1.5V SOO J1A 
0.45 < VIN < Vcc ±10 J1A 

XTAL1 = Vss, VIN = 0.45V -3.2 rnA 

All outputs disconnected 125 rnA 
and EJI: = Vcc 

10 pF 

TEST LIMITS 

CONDITIONS MIN MAX UNIT 

2.1 Vcc+0.5 V 

XTAL1 = Vss 2.6 Vcc+0.5 V 

XTAL1 = Vss, VIN = 0.45V -4.0 rnA 

All outputs disconnected 
and EJI: = Vee 

135 mA 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on + lSO"C maximum junction temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 

charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
4. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 
5. All voltage measurements are referenced to ground. For testing, all input signals swing between 0.45V and 2.4V with a transition time of 

20ns maximum. All time measurements are referenced at input voltages of O.BV and 2.0V and at output voltages of O.BV and 2.0V as 
appropriate. 

6. VOL is derated when the device rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close as possible to the device. 

Emitting Degraded 
Datum Ports 1/0 Lines VOL (Peak Max) 

Address P2, PO P 1, P3 O.BV 
Write Data PO Pl, p3, ALE O.BV 

7. CL = l00pF for port 0, ALE and PSEN outputs: CL = BOpF for all other ports. 
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Single-chip S-bit microcontroller S031AH/S051AH 

AC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70°C or -40°C to +85°C VCC ~ 5V +20% Vss ~ OV' , 2 -

12MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1/tcLCL Oscillator frequency: Speed Versions 
SCN8051/31 C 3.5 12 MHz 

MAB8051/31 -2 3.5 12 MHz 

MAF8051/31 -2 3.5 12 MHz 

SCN8051/31 F 3.5 15 MHz 

It.HLL 1 ALE pulse width 127 2tcLCL-40 ns 

tAvlL 1 Address valid to ALE low 43 tclCl-40 ns 

tllAX 1 Address hold after ALE low 48 IcLcl-35 ns 

tlL/V 1 ALE low to valid instruction in 233 4tclCL-1oo ns 

tlLPL 1 ALE low to f'SEN low 58 telCl-25 ns 

tplPH 1 f'SEN pulse width 215 3tCLCL-35 ns 

tpliV 1 f'SEN low to valid instruction in 125 3tclCL-125 ns 

IrXIX 1 Input instruction hold after PSEN 0 0 ns 

tpXIZ 1 Input instruction float after PSEN 63 tclCL-20 ns 

tAVIV 1 Address to valid instruction in 302 5tclCl-115 ns 

tpLAZ 1 f'SEN low to address float 20 20 ns 

tpXAV 1 f'SEN to address valid 75 tclCl -8 ns 

Data Memory 

tRlRH 2,3 RIT pulse width 400 6lcLcl-1oo ns 

tWlWH 2,3 WR pulse width 400 6telcL-100 ns 

tRLDv 2,3 RIT low to valid data in 252 5teLCL-165 ns 

tRHDX 2,3 Data hold after RIT 0 0 ns 

tRHDZ 2,3 Data float after RIT 97 2tClCl-70 ns 

tlLDV 2,3 ALE low to valid data in 517 81cLcL-150 ns 

IAvDv 2,3 Address to valid data in 585 9teLCL-165 ns 

It.lWl 2,3 ALE low to RIT orWRlow 200 300 3tcLCL-50 3tclCl +50 ns 

tAVWL 2,3 Address valid to WR low or RIT low 203 41cLcl-130 ns 

lavwx 2,3 Data valid to WR transition 23 tcLCl--<>O ns 

laVWH 2,3 Data valid to WR high 433 7teLCl -150 ns 

tWHQX 2,3 Data hold after WR 33 tclCl-SO ns 

tRlAZ 2,3 RIT low to address float 20 20 ns 

tWHlH 2,3 RIT or WR high to ALE high 43 123 tclcl-40 lcLCL+40 ns 

External Clock 

lcHCX S High time 20 20 ns 

telCX 5 Low time 20 20 ns 

tclCH S Rise time 20 20 ns 

teHCL 5 Fall time 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and f'SEN ~ 100pF, load capacitance for all other outputs ~ 80pF. 
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Single-chip S-bit microcontroller S031AH/S051AH 

EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The Q - Output data 
first character is always 't' (~time). The other R - RIT signal 
characters, depending on their positions, t - Time 
indicate the name of a signal or the logical V - Valid 
status of that signal. The designations are: W - WR signal 
A - Address X - No longer a valid logic level 
C - Clock Z - Float 
D - Input data Examples: tAVLL ~ Time for address valid to 
H - Logic level high ALE low. 
I - Instruction (program memory contents) It.LPL ~ Time for ALE low to 
L - Logic level low, or ALE PSrn low. 
P - PSrn 

ALE 

PORTO AG-A7 

PORT 2 A8-A15 

Figure 1. External Program Memory Read Cycle 

ALE 

tWHLH 

...-----tLLDV ------100.11 
ILLWL ---Io.I...----tRLRH -----10.1 

~-------------+--------~ 

tRLDV --

PORTO INSTRIN 

PORT 2 P2.<>-P2.7 OR A8--A15 FROM DPH AO-A15 FROM PCH 

Figure 2. External Data Memory Read Cycle 
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ALE "- V 

-tWHlH-

j+--tLLWL tWLWH 

WR 

"-
tLLAX 

tAVll ..---.. tovwx 
--. Ie- tWHOX 

tOVWH 

PORTO ~ AG-A7 
>< FROM RI OR DPL DATA OUT X AG-A7 FROM PCl INSTAIN 

-tAVWL--

PORT 2 )< P2.0-P2.7 OR AB-A15 FROM DPH AG-A1S FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

r- txlXL -1 -------, 
CLOCK 

tOVXH I~c---""~.II tXHOX I 
OUTPUT DATA ----~r------... 

t 
WRITE TO SBUF 

INPUT DATA 

'-----T-' 
CLEAR RI t 

SETRI 

Figure 4. Shift Register Mode Timing 
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Single-chip 8-bit microcontroller S031AH/S051AH 

Rgure 5. External Clock Drive 

NOTE: 
N; inputs during testing are driVen at 2.4Vfor a logic '1' and O.45V for a logic '0'. 
Tining measurements are made at 2.0V min for a logic '1' and O.BV for a logic '0'. 

Figure 6. AC Testing Input/Output 

(NC) 

CLOCK SIGNAL 

Figure 8. Icc Test Condition, Active Mode 
All other pins are disconnected 
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2.4V 

O.45Y 

NOTE: 

2.0V 

o.8V 

FLOAT ---~~~I 
.,.--- 2AV 

2.0V 

o.8V 
"----O.45V 

For timing purposes, the float state is defined as the point at which a PO pin 
sinks 2.4mA or sources 4OO1JA at the voltage test levels. 

Vcc-O.5 

O.45V 

Figure 7. Float Waveform 

O·7VCC 

O.2VCc-O·1 

tCLCL 

Figure 9. Clock Signal Waveform for 
Icc Tests in Active and Idle Modes 

tCLcH = IcHCL = 5ns 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C31 180C51 187C51 

DESCRIPTION FEATURES PIN CONFIGURATIONS 
The Philips 80C31/80C51/87C51 is a .8031/8051 compatible 
high-performance microcontroller fabricated 

- 4k x8 ROM (80C51) 
with Philips high-density CMOS technology. 
The CMOS 8XC51 is functionally compatible - 4k x 8 EPROM (87C51) vcc 

with the NMOS 8031/8051 microcontrollers. - ROMless (SOC31) PO.OIAOO 

The Philips CMOS technology combines the - 128x8RAM PO.lfADl 

high speed and density characteristics of - Two 16-bitcounter/timers PO.21AD2 
HMOS with the low power attributes of 

- Full duplex serial channel 
CMOS. Philips epitaxial substrate minimizes PO.3IAD3 

latch-up sensitivity. - Boolean processor PO.4IAD4 

The 8XC51 contains a 4k x 8 ROM (80C51) • Memory addressing capability PO.SIADS 

EPROM (87C51), a 128 x 8 RAM, 32110 - 64k ROM and 64k RAM PO.6IAD6 
lines, two IS-bit counter/timers, a five-source, 

• Power control modes: 
two-priority level nested interrupt structure, PO.7IAD7 

a serial 110 port for either mUlti-processor - Idle mode EJWpp 

communications, 110 expansion or full duplex - Power-down mode ALEiPlIOG 
UART, and on-chip oscillator and clock 
circuits. 

• CMOS and TTL compatible l'SER 

In addition, the device has two software 
• Five speed ranges at V cc = 5V P2.7/A15 

selectable modes of power reduction - idle - 12MHz P2.61A14 

mode and power-down mode. The idle mode - 16MHz P2.SfA13 
freezes the CPU while allowing the RAM, - 24MHz 
timers, serial port, and interrupt system to P2.4/A12 

- 30MHz 
continue functioning. The power-down mode P2.3/Al1 

saves the RAM contents but freezes the - 33MHz 
XTAL2 P2.21A10 

oscillator, causing all other chip functions to • Five package styles 
be inoperative. XTALl P2.1fA9 

• Extended temperature ranges 
Vss P2.0/A8 

• OTP package available 

39 

17 29 

44 34 

33 

11 23 

12 22 

EE PAGE NO TAG FOR QFP AND LCC PIN FUNCTIONS 
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CMOS single-chip 8-bit microcontroller 

CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

n n n 
7[ 

0 
::::J 3. 

lec 

17 [ ;::l2s 
~ ;i 

Pin Function Pin Function 

1 NC 23 NC 

2 PLO 24 P2_0/AB 

3 Pl.1 25 P2.1/A9 

4 Pl.2 26 P2.21Al0 

5 Pl.3 27 P2.3/Al1 

6 Pl.4 28 P2.4/A12 

7 P1.5 29 P2.5JA13 

B Pl.6 30 P2.6JA14 

9 Pl.? 31 P2.7/A15 

10 RST 32 PSrn 
11 P3.0/RxD 33 ALEiPROG 

12 NC 34 NC 

13 P3.1ifxD 35 EA!Vpp 

14 P3.2Ilfmj 36 PO.7/AD? 

15 P3.31WIT 37 PO.6fADS 

16 P3.41TO 38 PO.5JAD5 

17 P3.5ffl 39 PO.41AD4 

18 P3.6IWfl 40 PO.31AD3 

19 P3.7iRU 41 PO.21AD2 

20 XTAL2 42 PO.l/AD1 

21 XTAL1 43 PO.D/ADO 

22 VSS 44 VCC 

LOGIC SYMBOL 

Vee 

January 26, 1993 

PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

VSS 

44 

R 
1= 0 

QFP 

11= 

~ 
12 

Pin Function Pin 

1 PL5 23 

2 P1.6 24 

3 P1.7 25 

4 RST 26 

5 P3.<YRxD 27 

6 NC 28 

7 P3.1!TxD 29 

8 P3.2I1IlTO 30 

9 P3.3ITIiITf 31 

10 P3.4/TO 32 

11 P3.5fT1 33 

12 P3.6IWfl 34 

13 P3.7RD 35 

14 XTAL2 36 

15 XTALl 37 

16 VSS 36 

17 NC 39 

18 P2.OIAB 40 

19 P2_1/A9 41 

20 P2.21Al0 42 

21 P2.3'Al1 43 

22 P2.4IA12 44 

~ E}ADDRESS AND a:..-.... DATA BUS 

~----~ 
rr~ 
1 § ~lADDRESS BUS 

~I ~~J 

117 

34 

R 

c== 33 

F= 23 

tl 
22 

Function 

P2.5JA13 

P2.61A14 

P2.7/A15 

PSrn 
ALEiPROG 

NC 

EA/VPP 

PO.7/AD7 

PO.61ADS 

PO.51AD5 

PO.4JAD4 

PO.3JAD3 

PO.21AD2 

PO.1/ADl 

PO.D/ADO 

VCC 

NC 

Pl.O 

Pl.1 

Pl.2 

PL3 

Pl.4 

Product specification 
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CMOS single-chip 8-bit microcontroller 80C31 180C51 187C51 

ORDERING INFORMATION 
PHIUPS NORTH AMERICA 

DRAWING DRAWING TEMPERATURE RANGE·C Freq 
EPROM NUMBER ROM less ROM NUMBER AND PACKAGE' MHz 

SC87C51 CCF40 0590B o to +70, Ceramic Dual In-line Package, UV 12 

SC87C51CCK44 1472A o to +70, Ceramic Leaded Chip Carrier, UV 12 

SC87C51CCN40 0415C SC80C31 BCCN40 SC80C51 BCCN40 0415C o to +70, Plastic Dual In-line Package, OTP 12 

SC87C51CCA44 0403G SC80C31 BCCA44 SC80C51 BCCA44 0403G o to +70, Plastic Leaded Chip Carrier, OTP 12 

SC87C51CCB44 1118D SC80C31 BCCB44 SC80C51 BCCB44 1118D o to +70, Plastic Quad Flat Pack, OTP 12 

SC87C51ACF40 0590B --40 to +85, Ceramic Dual In-line Package, UV 12 

SC87C51ACK44 1472A --40 to +85, Ceramic Leaded Chip Carrier, UV 12 

SC87C51ACN40 0415C SC80C31 BACN40 SC80C51 BACN40 0415C --40 to +85, Plastic Dual In-line Package, OTP 12 

SC87C51 ACA44 0403G SC80C31BACA44 SC80C51 BACA44 0403G --40 to +85, Plastic Leaded Chip Carrier, OTP 12 

SC87C51CGF40 0590B o to +70, Ceramic Dual In-line Package, UV 16 

SC87C51CGK44 1472A o to +70, Ceramic Leaded Chip Carrier, UV 16 

SC87C51CGN40 0415C SC80C31 BCGN40 SC80C51 BCGN40 0415C o to +70, Plastic Dual In-line Package, OTP 16 

SC87C51 CGA44 0403G SC80C31 BCGA44 SC80C51 BCGA44 0403G o to +70, Plastic Leaded Chip Carrier, OTP 16 

SC87C51 CGB44 1118D SC80C31 BCGB44 SC80C51 BCGB44 1118D o to +70, Plastic Quad Flat Pack, OTP 16 

SC87C51 AGF40 0590B --40 to +85, Ceramic Dual In-line Package, UV 16 

SC87C51AGK44 1472A --40 to +85, Ceramic Leaded Chip Carrier, UV 16 

SC87C51 AGN40 0415C SC80C31 BAGN40 SC80C51 BAGN40 0415C --40 to +85, Plastic Dual In-line Package, OTP 16 

SC87C51AGA44 0403G SC80C31 BAGA44 SC80C51 BAGA44 0403G --40 to +85, Plastic Leaded Chip Carrier, OTP 16 

SC87C51CPF40 0590B o to +70, Ceramic Dual In-line Package, UV 24 

SC87C51 CPK44 1472A o to +70, Ceramic Leaded Chip Carrier, UV 24 

SC87C51 CPN40 0415C SC80C31 BCPN40 SC80C51 BCPN40 0415C o to +70, Plastic Dual In-line Package, OTP 24 

SC87C51 CPA44 0403G SC80C31 BCPA44 SC80C51 BCPA44 0403G o to +70, Plastic Leaded Chip Carrier, OTP 24 

SC87C51APF40 0590B --40 to +85, Ceramic Dual In-line Package, UV 

SC87C51APK44 1472A --40 to +85, Ceramic Leaded Chip Carrier, UV 24 

SC87C51APN40 0415C SC80C31BAPN40 SC80C51BAPN40 0415C --40 to +85, Plastic Dual In-line Package, OTP 24 

SC87C51 APA44 0403G SC80C31 BAPA44 SC80C51 BAPA44 0403G --40 to +85, Plastic Leaded Chip Carrier, OTP 24 

SC87C51CYF40 0590B o to +70, Ceramic Dual In line Package, UV 33 

SC87C51 CYK44 1427A o to +70, Ceramic Leaded Chip Carrier, UV 33 

SC87C51 CYN40 0415C SC80C31 BCYN40 SC80C51 BCYN40 0415C o to +70, Plastic Dual In-line Package, OTP 33 

SC87C51 CYA44 0403G SC80C31 BCYA44 SC80C51 BCYA44 0403G o to +70, Plastic Leaded Chip Carrier, OTP 33 

SC87C51 AYF40 0590B --40 to +85, Ceramic Dual In-line Package, UV 33 

SC87C51AYK44 1472A --40 to +85, Ceramic Leaded Chip Carrier, UV 33 

SC87C51AYN40 0415C SC80C31 BAYN40 SC80C51BAYN40 0415C --40 to +85, Plastic Dual In-line Package, OTP 33 

SC87C51 AYA44 0403G SC80C31 BAYA44 SC80C51BAYA44 0403G --40 to +85, Plastic Leaded Chip Carrier, OTP 33 

1. OTP = One Time Programmable EPROM UV = UV Erasable EPROM 
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ORDERING INFORMATION 

PHILIPS 

DRAWING TEMPERATURE RANGE °C Freq 
ROMless ROM NUMBER AND PACKAGE' MHz 

PCBBOC31BH2-12P PCBBOC51 BH-2P SOT129 o to +70, Plastic Dual In-line Package, OTP 12 

PCBBOC31BH2-12WP PCBBOC51 BH-2WP SOT187 o to +70, Plastic Leaded Chip Carrier, OTP 12 

PCBBOC31BH2-12H PCBBOC51 BH-2H SOT311 o to +70, Plastic Quad Flat Pack, OTP 12 

PCBBOC31BH3-16P PCBBOC51 BH-3P SOT129 o to +70, Plastic Dual In-line Package, OTP 16 

PCBBOC31BH3-16WP PCBBOC51BH-3WP SOT187 o to +70, Plastic Leaded Chip Carrier, OTP 16 

PCBBOC31BH3-16H PCBBOC51 BH-3H SOT311 o to +70, Plastic Quad Flat Pack, OTP 16 

PCF80C31BH3-16P PCF80C51 BH-3P SOT129 -40 to +85, Plastic Dual In-line Package, OTP 16 

PCF80C31BH3-16WP PCF80C51 BH-3WP SOT187 -40 to +85, Plastic Leaded Chip Carrier, OTP 16 

PCF80C31BH3-16H PCF80C51 BH-3H SOT311 -40 to +85, Plastic Quad Flat Pack, OTP 16 

PCA8OC31BH3-16P PCA80C51 BH-3P SOT129 -40 to + 125, Plastic Dual In-line Package 16 

PCASOC31BH3-16WP PCA80C51 BH-3WP SOT187 -40 to + 125, Plastic Leaded Chip Carrier 16 

PCBBOC31 BH4-24P PCBBOC51 BH-4P SOT129 o to +70, Plastic Dual In-line Package, OTP 24 

PCBBOC31 BH4-24WP PCBBOC51 BH-4WP SOT187 o to +70, Plastic Leaded Chip Carrier, OTP 24 

PCBBOC31 BH4-24H PCBBOC51 BH-4H SOT311 o to +70, Plastic Quad Flat Pack, OTP 24 

PCF80C31 BH4-24P PCF80C51 BH-4P SOT129 -40 to +85, Plastic Dual In-line Package, OTP 24 

PCF80C31 BH4-24WP PCF80C51 BH-4WP SOT187 -40 to +85, Plastic Leaded Chip Carrier, OTP 24 

PCF80C31BH4-24H PCF80C51 BH-4H SOT311 -40 to +85, Plastic Leaded Chip Carrier, OTP 24 

PCBBOC31 BH5-30P PCBBOCSI BH-5P SOT129 o to +70, Plastic Dual In-line Package 30 

PCBBOC31 BH5-30WP PCBBOC51 BH-5WP SOT187 o to +70, Plastic Leaded Chip Carrier 30 

PCBBOC31 BHS-30H PCBBOCS1BH-5H SOTall o to +70, Plastic Quad Flat Pack 30 
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PIN DESCRIPTION 

PINNa. 

MNEMONIC DIP LCC CFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee 40 44 38 I Power Supply: This is the power supply voltage for normal. idle, and power-down 
operation. 

PO.O--O.7 39-32 43-36 37--30 110 Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1 s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to extemal program and data memory. In 
this application, it uses strong internal pull-ups when emitting ls. Port 0 also outputs the 
code bytes during program verification in the 87C51. External pull-ups are required during 
program verification. 

P1.O-P1.7 1-8 2-9 40-44, 110 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that have 1 s 
1--3 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 1 pins that are externally pulled low will source current because of the internal pull-ups. 
(See DC Electrical Characteristics: IILl. Port 1 also receives the low-order address byte 
during program memory verification. 

P2.O-P2.7 21-28 24--31 18-25 1/0 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have ls 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: lid. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data 
memory that use 16-bit addresses (MOVX@DPTR). In this application, it uses strong 
internal pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 11, 5, 1/0 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the BOC51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 a TxD (P3.1): Serial output port 
12 14 B I JIiITli (P3.2): External interrupt 
13 15 9 I 1NTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): limer 0 external input 
15 17 11 I T1 (P3.5): limer 1 external input 
16 18 12 a WR (P3.6): External data memory write strobe 
17 19 13 a RU (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 

ALE/PROG 30 33 27 110 Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 

PSrn 29 32 26 a Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSrn is activated twice each machine 
cycle, except that two PSrn activations are skipped during each access to external data 
memory. PSrn is not activated during fetches from internal program memory. 

"ENVpp 31 35 29 I External Access EnablelProgramming Supply Voltage: Eli must be externally held low 
to enable the device to fetch code from external program memory locations OOOOH to 
OFFFH. If Eli is held high, the device executes from internal program memory unless the 
program counter contains an address greater than OFFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles 

ROM CODE SUBMISSION 

(24 oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-{:hip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 

When submitting ROM code for the 80C51, the following must be specified: 
I. 4k byte user ROM data 

2. 32 byte ROM encryption key (SC80C51 only) 

3. ROM security bits (SC80C51 only). 

ADDRESS CONTENT BIT(S) 

OOOOH to OFFFH DATA 7:0 

1000H to 101FH KEY 7:0 

1020H SEC 0 

I020H SEC 1 

Security Bitl: When programmed, this bit has two effects on masked ROM parts: 
I. External MOVC is disabled, and 
2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 

Table 1. External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE PSEIiJ PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 
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up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on resel. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1 shows the state of 1/0 ports during 
low current operating modes. 

COMMENT 

User ROM Data 

ROM Encryption Key 

ROM Security Bit 1 

ROM Security Bit 2 

PORT I PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 
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Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C51) 
DC and AC parameters not included here are the same as in the commercial temperature range table. 

DC ELECTRICAL CHARACTERISTICS 
Tamb = -40°C to +85°C, Vee = SV ±10%, Vss = OV (Signetics Parts Only) 
T mb --40°C to +125°C Vee = 5V±100/0 Vss = OV (Philips Parts Only) a -

SYMBOL PARAMETER 

V,l Input low voltage, except ~ (Signetics) 

V,l Input low voltage, except ~ (Philips) 

V ,L1 Input low voltage to ~ 

V,H Input high voltage, except XTAL I, RST 

TEST 

CONDITIONS MIN 

.-{l.5 

-{l.5 

~.S 

0.2Vee+1 

LIMITS 

MAX 

0.2Vec-<J·15 

0.2Vee-{l·25 

0.2Vec-<J·4S 

Vee+O.S 

V,H, Input high voltage to XTAL I, RST 0·7Vee+0.1 Vee+0.5 

I,l Logical 0 input current, ports I, 2, 3 Y,N =0.4SV -75 

ITl Logical 1-to-O transition current, ports I, 2, 3 Y,N = 2.0V -750 

lee Power supply current: Vee = 4.5-5.5V 
Active mode' @ 16MHz (Philips) 25 
Active mode@ 12MHz (Signetics) 20 
Idle mode2 @ 16MHz (Philips) 6.5 
Idle mode @ 12MHz (Signetics) 5 
Power-down mode3 (Philips) 75 
Power-down mode (Signetics) 50 

NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = ~ = IOns; V,l = Vss + 0.5V; 

V,H = Vee - 0.5V; XTAL2 not connected; ~ = RST = Port 0 = Vee. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = IOns; V,l = Vss + 0.5V; 

V,H = Vee - 0.5V; XTAL2 not connected; ~ = Port 0 = Vee; RST = Vss. 
3. The power-down current is measured with all output pins disconnected, XTAL2 not connected, 81: = Port 0 = Vee; RST = Vss. 

ABSOLUTE MAXIMUM RATINGS',2,3 

PARAMETER RATING UNIT 

Operating temperature under bias o to +70 or °C 
-40 to +85 

Storage temperature range ~5to+150 °C 

Voltage on FliNpp pin to V ss o to +13.0 V 

Voltage on any other pin to V ss -{l.5 to +6.5 V 

Maximum IOL per 1/0 pin 15 rnA 

Power dissipation (based on package heat transfer 1.5 W 
limitations, not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respecllo Vss unless otherwise noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70°C or-4O°C to +85°C, Vee ~ 5V ±20%, Vss ~ OV (80C31/51) (12,16, and 24MHz versions) 
Tamb ~ O°C to +70°C or -4O°C to +85°C Vee ~ 5V +10% Vss ~ ov (87C51) (SOC31/S0C51 33MHz version) -

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT 

Vil Input low voltage, except FA' -0.5 O. 2Vce-O· 1 V 

VIl1 Input low voltage to FA' 0 0.2Vee-O·3 V 

VIH Input high voltage, except XTAL 1, RST7 O.2Vee+0.9 Vee+05 V 

VIH1 Input high voltage, XTAL 1, RST7 0.7Vcc Vee+0.5 V 

VOL Output low voltage, ports 1, 2, 3" IOl ~ 1.6mA2 0.45 V 

VOL1 Output low voltage, port 0, ALE, PSEl'ir" IOl ~ 3.2mA2 0.45 V 

VOH Output high voltage, ports 1, 2, 3, ALE, PSEl'ir3 IOH ~ -601lA, 2.4 V 
IOH ~ -251lA 0.75Vee V 
IOH ~ - IOIlA 0.9Vee V 

VOH1 Output high voltage (port 0 in external bus mode) IOH ~ -600IlA, 2.4 V 
IOH ~ -300[!A 0.75Vee V 
IOH ~ -6011A O.9Vee V 

III Logical 0 input current, ports 1, 2, 37 VIN ~ 0.45V -50 IIA 
ITl Logicall-to-O transition current, ports 1, 2, 37 See note 4 -650 IIA 
III Input leakage current, port 0 VIN ~ Vil or VIH ±10 IIA 
Icc Power supply current:7 See note 6 

Active mode @ 12MHz8 (Philips) IS rnA 
Active mode @ 12MHz5 (Signetics) 11.5 19 rnA 
Idle mode @ 12MHz9 (Philips) 4.4 rnA 
Idle mode @ 12MHz (Signetics) 13 4 rnA 
Power-down mode 10 (Philips and Signetics) 3 50 IIA 

RRST Internal reset pull-down resistor (Signetics) 50 300 kQ 
(Philips) 50 150 kQ 

CIO Pin capacitance (12) 10 pF 

NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5Y. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 1 OOpF), the noise pulse on the ALE pin may exceed O.SV. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input.. 10l can exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEl'ir to momentarily fall below the O.9Vce specification when the 
address bits are stabilizing. 

4. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

5. IccMAX at other frequencies (for Signetics parts) is given by: Active mode: lecMAX ~ 1.43 X FREQ + 1.90: Idle mode: IccMAX ~ 0.14 X 
FREQ +2.31, where FREQ is the external oscillator frequency in MHz. lecMAX is given in rnA. See Figure 7. 

6. See Figures S through t 1 for Icc test conditions. 
7. For Signetics parts when Tamb ~ -40°C to +S5°C or Philips parts when Tamb ~ -40°C to + 125°C, see DC Electrical Characteristics table on 

previous page. 
S. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t f ~ t, ~ IOns; Vil ~ Vss + 0.5V; 

V1H ~ Vee - O.SV; XTAL2 not connected; 81: ~ RST ~ Port 0 ~ Vee. 
9 The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,. ~ ~ ~ IOns; Vil ~ Vss + 0.5V; 

VIH ~ Vee - 0.5V; XTAL2 not connected; 81: ~ Port 0 ~ Vee; RST ~ Vss. 
10. The power-down current is measured with all output pins disconnected, XTAL2 not connected, 81: ~ Port 0 ~ Vee; RST ~ Vss. 
11. Under steady state (non-transient) conditions, IOl must be externally limited as follows: 

Maximum IOL per port pin: 15mA 
Maximum IOL per S-bit port: 26mA 
Maximum IOl total for ail outputs: 67mA 

If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

12. Pin capacitance for the ceramic DIP package is 15pF maximum. 
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AC ELECTRICAL CHARACTERISTICS FOR 12-33MHz SIGNETICS DEVICES 
Tamb = O°C to +70°C or-40°C to +S5°C, Vee = 5V ±20%, Vss = OV (BOC31/51)1.2·4 (12, 16, and 24MHz versions) 
Tamb - O°C to +70°C or-40°C to +B5°C Vee = 5V +10% Vss - OV (S7C51) (BOC31/BOC51 33MHz version) - - -

VARIABLE CLOCK3 

SYMBOL FIGURE PARAMETER MIN MAX UNIT 

1/lcLCL Oscillator frequency: Speed Versions 
SCSOC31 151 C 3.5 12 MHz 

G 3.5 16 MHz 
P 3.5 24 MHz 
y 3.5 33 MHz 

tLHLL 1 ALE pulse width 2IcLCL-40 ns 

tAVLL 1 Address valid to ALE low IcLCL-13 ns 

tLLAX 1 Address hold after ALE low IcLCL-20 ns 

tlLlv 1 ALE low to valid instruction in 4tCLCL-<>5 ns 

ILLPL 1 ALE low to PSElIIlow IcLCL-13 ns 

tpLPH 1 l'SEfil pulse width 3tcLCL-20 ns 

tpLiv 1 l'SEfillow to valid instruction in 3IcLCL-45 ns 

!PXIX 1 Input instruction hold after l'SEfil 0 ns 

tpXIZ 1 Input instruction float after l'SEfil tCLcL-10 ns 

tAVIV 1 Address to valid instruction in 5tCLCL-55 ns 

tpLAZ 1 l'SEfillow to address float 10 ns 

Data Memory 

tRlRH 2,3 RIJ pulse width 61cLcL-100 ns 

tWLWH 2,3 WR pulse width 61cLCL-100 ns 

tRLDV 2,3 RIJ low to valid data in 5tCLCL-90 ns 

tRHDX 2,3 Data hold after RIJ 0 ns 

tRHDZ 2,3 Data float after RIJ 2tCLCL-2S ns 

tLLDV 2,3 ALE low to valid data in SIcLCL-150 ns 

tAvDV 2,3 Address to valid data in 91cLCL-165 ns 

tLLwL 2,3 ALE low to RIJ or WR low 3tcLCL-OO 3lcLCL +50 ns 

tAVWL 2,3 Address valid to WR low or RIJ low 4tCLCL-75 ns 

tcvwx 2,3 Data valid to WR transition IcLCl-20 ns 

tWHQX 2,3 Data hold after WR IcLCl-20 ns 

tRLAZ 2.3 RIJ low to address float 0 ns 

tWHLH 2,3 RIJ or WR high to ALE high IcLcL-20 IcLCL +25 ns 

External Clock 

teHCX 4 High time 12 ns 

telCX 4 Low time 12 ns 

telCH 4 Rise time 20 ns 

IcHCL 4 Fall time 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and l'SEfil = 100pF, load capacitance for all other outputs = 80pF. 
3. For all Signetics speed versions only. 
4. Interfacing the 80C31/51 to devices with float times up to SOns is permitted. This limited bus contention will not cause damage to port 0 

drivers. 
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AC ELECTRICAL CHARACTERISTICS FOR PHILIPS DEVICES 
Tamb - O°C to +70°C VCC - 5V +20% Vss ~ OV (80C31/51)'·2.4 - - -

VARIABLE CLOCK" 

SYMBOL FIGURE PARAMETER MIN MAX UNIT 

l/tCLCL Oscillator frequency: Speed Versions 
PCAlPCBlPCF80C31/51 --3 1.2 16 MHz 
PCBlPCF80C31/51 --4 1.2 24 MHz 
PCBlFB80C31/51 -5 1.2 30 MHz 

tLHLL 1 ALE pulse width 21CLCL--40 ns 

IAVLL 1 Address valid to ALE low IcLCL-25 ns 

tcLAX 1 Address hold after ALE low IcLCL-25 ns 

tLLlV 1 ALE low to valid instruction in 4lcLCL-05 ns 

tLLPL 1 ALE low to PSEN low IcLCL-25 ns 

tpLPH 1 PSEN pulse width 3tCLCL--45 ns 

tpLiV 1 !'SEN low to valid instruction in 3tCLcL-OO ns 

tpXIX 1 Input instruction hold after PSEN 0 ns 

tpXll 1 Input instruction float after f'SEN IcLCL-25 ns 

tAVIV 1 Address to valid instruction in 5tCLCL-80 ns 

tpLAZ 1 !'SEN low to address float 10 ns 

Data Memory 

tRLRH 2,3 "FID" pulse width 61cLCL-l00 ns 

tWLWH 2,3 WR pulse width 61cLcL-l00 ns 

tRLDV 2,3 "FID" low to valid data in 5tCLCL-90 ns 

tRHDX 2,3 Data hold after "FID" 0 ns 

tRHDl 2,3 Data float after "FID" 2tCLCL-28 ns 

tLLDV 2,3 ALE low to valid data in 81cLCL-150 ns 

tAVDV 2,3 Address to valid data in 91cLcL-165 ns 

tLLWL 2,3 ALE low to "FID" or WR low 3tCLCL-50 3lcLCL +50 ns 

tAVWL 2,3 Address valid to WR low or "FID" low 4tCLcc75 ns 

tavwx 2,3 Data valid to WR transition IcLCL --30 ns 

tWHQX 2,3 Data hold after WR IcLCL-25 ns 

tRLAl 2,3 "FID" low to address float 0 ns 

tWHLH 2,3 "FID" or WR high to ALE high IcLCL-25 IcLCL +25 ns 

External Clock 

IcHCX 4 High time 15 ns 

teLcx 4 Low time 15 ns 

IcLCH 4 Rise time 20 ns 

IcHCL 4 Fall time 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSEN ~ 100pF, load capacitance for all other outputs ~ 80pF. 
3. For all Philips speed versions only. 
4. Interfacing the 80C31/51 to devices with float times up to 30ns is permitted. This limited bus contention will not cause damage to port 0 

drivers. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
firstcharacler is always 'I' (= time). The other 
characters, depending on their posilions, 
indicate the name of a signal or the logical 
status of thaI signal. The designations are: 
A - Address 
C- Clock 
D - Inpul data 
H - Logic level high 
I - Instruction (program memory contenls) 
L - Logic level low, or ALE 
P -1'SEN 

ALE 

PORTO 

PORT 2 

Q - Oulpul data 
R - lID signal 
I - lime 
V - Valid 
W- WR"signal 
X - No longer a valid logic level 
Z - Floal 
Examples: 1,\V1l. = lime for address valid to 

ALE low. 
It.LPL = lime for ALE low to 

PSENlow. 

Product specification 

80C31 /80C51 /87C51 

Af>-A7 

A8-A15 

Figure 1. Exlernal Program Memory Read Cycle 

ALE 

IWHLH 

~-------IIl.DV---------·~1 
ILLWL ---I------tRLRH -------+/ w ____________ -+ ________ ~ 

IRLDV IRHDZ 

PORTO AD-A7 FROM PeL INSTRIN 

PORT 2 P2.0-P2.7 OR All-JUS FROM DPH AO-A1S FROM PCH 

Figure 2. Exlernal Data Memory Read Cycle 
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ALE 

tWHUf --+ 

tUWL --i---tWLWH ---~ 

WR --------+-------...1 

tLLAX 
tovwx 

PORTO DATA OUT AO-A7 FROM PCl INSTRIN 

PORT 2 
P2~7 OR All-IUS FROM DPH All-JUS FROM PCH 

Figure 3. External Data Memory Write Cycle 

vcc-O·S - - - - 'o.-7V-CC-" 
O.45V O.2Vss-O.l '''---'' 

Figure 4. External Clock Drive 
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Vcc-O·5 =x >C O.2VCC..o·9 

O.45V....:: .O''''2V;.:C::.:c-O::...c;;.;.:., ____ _ 

NOTE: 
AC inputs during testing are driven at Vee -0.5 for a logic '1' and O.4SV for a logic '0'. 

TIming measurements are made at VIH min for a logic '1' and V1L for a logic '0'. 

Figure 5. AC Testing InputiOutput 

45 

40 

35 

30 

VLOAO+O·1V 

VLOAD-----( 

NOTE: 
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TIMING 
REFERENCE 

POINTS 

Vofrll·1V 

VOL+O·1V 

For timing purposes, a port is no longer floating when a l00mV change from load 
voltage occurs. and begins to float when a 1 OOmV change from the loaded VOH! 

VOL level occurs. IOH/JoL ~ ±.20mA. 

Figure 6. Float Waveform 

/ 
/ 

/ 

/ 
MAX ACTIVE MODE 
(ICCMAX = 1.43 freq + '.9) 

/ ./ TYP ACTIVE MODE 
25 

/ / 
V 

V ,/ / ./ 

V ,/ 
/" 

/ 
V/ V --I--/ -

ICernA 20 

15 

'0 

MAX IDLE MODE 

e- - f---:---
TYP IDLE MODE 

4MHz 8MHz 12MHz ,6MHz 20MHz 24MHz 30MHz 33MHz 

FREQ AT XTAL1 

Figure 7. Icc vs. FREQ 
Valid only within frequency specifications of the device under test 
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vcc 
vcc RST 

RST I'll 

- Ell: 

(NC) XTAL2 (NC) XTAL2 

CLocK SIGNAL XTAL 1 CLOCK SIGNAL XTAL1 

vss Vss 

Figure 8. Icc Test Condition. Active Mode 
All other pins are disconnected 

Figure 9. Icc Test Condition, Idle Mode 
All other pins are disconnected 
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VC~·5 - - - - '-O.-7V-C-C""" 
0.45V O.2VCc-O.1 "-__ 11 

Figure 10. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
tCLCH = IcHCL = Sns 

RST 

(NC) XTAL2 

XTAL1 

vss 

Figure 11. lee Test Condition, Power Down Mode 
All other pins are disconnected. Vee = 2V to S.SV 
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EPROM CHARACTERISTICS 
The 87C51 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
wltage) and in the width and number of the 
ALEII'1lOO pulses. 

The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 manufactured by Philips Corporation. 

Table 2 shows the logic levels for reading the 
signature bytes, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 12. Note that 
the 87C51 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALEIl'ROG: is pulsed low 25 times as shown 
in Figure 13. 

To program the encryption table, repeat the 
25 pulse programming sequence for 

addresses 0 through 1 FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bir levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other secrity bit can 
still be programmed. 

Note that the ~pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that wltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

PROGRAM VERIFICATION 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correcUy decode the verification data. The 
encryption table itself cannot be read out. 

Table 2. EPROM Progamming Modes 

MODE RST PSER ALEJPmm: DNpp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O' Vpp 1 

Pgm security bit 1 1 0 O· Vpp 1 

Pgm security bit 2 1 0 O· Vpp 1 

NOTES. 
1. '0' = Valid low for that pin, 'I' = valid high forthat pin. 
2. Vpp = 12.75V ;t!J.25V. 
3. Vee = SV±10% during programming and verification. 
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Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 

Philips 
(031 H) = 92H indicates 87C51 

ProgramlVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For Ihls and secondary effects, II 
Is recommended Ihal an opaque label be 
placed over Ihe window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345--S, or eqUivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
lSW-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 

P2.& P3.7 P3.& 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

• A~~1I'1lOO receives 25 programming pulses while Vpp is held at 12. 75V. Each programming pulse is low for 100).1s (±I0J.1S) and high for a 
minimum of 10J.1S. 

TMTrademark phrase of Intel Corporation. 
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..sV 

~ 
Vee 

A 

AG-A7 PI PO PGMDATA 
v " 1 RST EJWPP +12.75V 

1 P3.6 AlEIPROG 2S 100..- PULSES TO GROUND 

1 P3.7 8le5t PSER 0 

~MHz Js i-
XTAl2 P2.7 1 

P2.6 a 

T T A 
XTAl1 P2.D-P2.3 AlJ-A11 

" f-- Vss 
-=:0-

Figure 12. Programming Configuration 

1~4------------------------2SPU~~ --------------------------~.I 
...-----

AlEll'llllUO 

'0..- MIN -1 "'140--------- 10..-±,o,--------+!~1 

AlEll'llllUO o~1 ____________ ~11~ __________ ~11~ __ _ 

Figure 13. "PROG Waveform 

Vec 

AD-A7 PI PO PGM DATA 

RST EXJVPP 

P3.6 AlEIPROG 

P3.1 B7eSt PSER 

XTAl2 P2.7 o BIl!lI[E 

P2.6 

XTAl1 P2.D-P2.3 A8-At1 

Vss 

-

Figure 14. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
T arm ~ 21°C to +27°C Vee - 5V±lOO/O Vss ~ OV (See Figure 15) -

SYMBOL 

Vpp 

Ipp 

l/lcLCL 

tAVGl. 

!aHAX 

leVGl. 

!aHDX 

"'HSH 

tsHGL 

!aHSL 

!aLGH 

tAVOV 

"'LOZ 

"'Hal 
!aHGL 

P1.O-P1.7 
P2.0-P2.4 

PORTO 

ALEIPROO 

1'2.7 
BIlIlI[E 

PARAMETER MIN 

Programming supply voltage 12.5 

Programming supply current 

Oscillator frequency 4 

Address setup to PROG low 48lcLCL 

Address hold after I'ROG 48lcLCL 

Data setup to PROG low 48lcLCL 

Data hold after PROG 48lcLCL 

P2.7 (El"DffiCE) high to Vpp 48lcLCL 

Vpp setup to I'ROG low 10 

Vpp hold after PROG 10 

I'ROGwidth 90 

Address to data valid 

ENJ(B[E low to data valid 

Data float after ENJ(B[E 0 

PROG high to PROG low 10 

PROGRAMIING* 

ADDRESS -
DATA IN 

tDVGL 
~ 

04-- -~ !aHDX 
IAVGL toHAX 

(\.J f\ 

toLGH .... I<- .... ~ toHGL 
ISHGL ........ toHSL 

/ 

'" / LOGIC 1 

LOGIC 0 .--- ........ ---- -----------------------------
IEHSH IELQ~ 

'FOR PROGRAMMING VERIFICATION SEE FIGURE 12. I 
FOR VERIFICATION CONDITIONS SEE FIGURE 14. 
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MAX UNIT 

13.0 V 

50 mA 

6 MHz 

us 

us 

110 us 

48lcLCL 

48lcLCL 

48lcLCL 

us 

VERIR CAliON 

ADDRESS '\.. 
/ 

f4-- tAVQV 

DATA OUT 

LOGIC 1 

----------- ------------
IEHOZ 

"I 

Figure 15. EPROM Programming and Verification 
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PREFACE 
This specification is an updated version including the following latest modifications: 
- Programming of a slave address by software has been omitted. The realization of this 

feature is rather complicated and has not been used_ 
- The 'low-speed mode' has been omitted. This mode is, in fact, a subset of the total 

12C-bus specification and need not be specified explicitly. 
- The 'fast-mode' is added. This allows a fourfold increase of bit rate up to 400 kbitls. 

Fast-mode devices are downwards compatible i.e. they can be used in a 0 to 
100 kbitls 12C-bus system. 

- 10-bit addressing is added. This allows 1024 additional slave addresses. 
- Slope control and input filtering for fast-mode devices is specified to improve the EMC 

behaviour. 

NOTE 
Neither the 100 kbitls J2C-bus system nor the 100 kbitls devices have been 
changed. 
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1.0 INTRODUCnON 
For S-bit applications, such as 
those requiring single-chip 
microcontrollers, certain design 
criteria can be established: 

• A complete system usually 
consists of at least one 
microcontroller and other 
peripheral devices such as 
memories and I/O expanders. 

• The cost of connecting the 
various devices within the 
system must be minimized. 

• Such a system usually 
performs a control function and 
doesn't require high-speed data 
transfer. 

• Overall efficiency depends on 
the devices chosen and the 
interconnecting bus structure. 

In order to produce a system to 
satisfy these criteria, a serial bus 
structure is needed. Although 
serial buses don't have the 
throughput capability of parallel 
buses, they do require less wiring 
and fewer connecting pins. 
However, a bus is not merely an 
interconnecting wire, it embodies 
all the formats and procedures for 
communication within the system. 

Devices communicating with 
each other on a serial bus must 
have some form of protocol which 
avoids all possibilities of 
confuSion, data loss and blockage 
of information. Fast devices must 
be able to communicate with slow 
devices. The system must not be 
dependent on the devices 
connected to it, otherwise 
modifications or improvements 
would be impossible. A procedure 
has also to be devised to decide 
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which device will be in control of 
the bus and when. And, if different 
devices with different clock speeds 
are connected to the bus, the bus 
clock source must be defined. All 
these criteria are involved in the 
specification of the 12C-bus. 

2.0 THE 12C-BUS 
CONCEPT 
Any IC fabrication process 
(NMOS, CMOS, bipolar) can be 
supported by the 12C-bus. Two 
wires, serial data (SDA) and serial 
clock (SCL), carry information 
between the devices connected to 
the bus. Each device is 
recognised by a unique address· 
whether it's a microcontroller, LCD 
driver, memory or keyboard 
interface· and can operate as 
either a transmitter or receiver, 
depending on the function of the 
device. Obviously an LCD driver is 
only a receiver, whereas a 

memory can both receive and 
transmit data. In addition to 
transmitters and receivers, devices 
can also be considered as 
masters or slaves when 
performing data transfers (see 
Table 1). A master is the device 
which initiates a data transfer on 
the bus and generates the clock 
signals to permit that transfer. At 
that time, any device addressed is 
considered a slave. 

The 12C-bus is a multi-master 
bus. This means that more than 
one device capable of controlling 
the bus can be connected to it. As 
masters are usually micro
controllers, let's consider the case 
of a data transfer between two 
microcontrollers connected to the 
12C-bus (Fig.l). This highlights the 
master-slave and receiver
transmitter relationships to be 
found on the 12C-bus. It should be 
noted that these relationships are 

Table 1 Definition of 12C·bus terminology 

Term Description 

Transmitter The device which sends the data to the bus 

Receiver The device which receives the data from the bus 

Master The device which initiates a transfer, generates clock 

signals and terminates a transfer 

Slave The device addressed by a master 

Multi-master More than one master can attempt to control the bus at 

the same time without corrupting the message 

Arbitration Procedure to ensure that, if more than one master 

simultaneously tries to control the bus, only one is 

allowed to do so and the message is not corrupted 

Synchronization Procedure to synchronize the clock signals of two or 

more devices 
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......,. 
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responsibility of master devices; 
each master generates its own 
clock signals when transferring 
data on the bus. Bus clock signals 
from a master can only be altered 
when they are stretched by a 
slow-slave device holding-c!own 
the clock line, or by another 
master when arbitration occurs. 

3.0 GENERAL 
CHARACTERISTICS 

Fig.1 Example of an 12C-bus configuration 

Both SDA and SCl are 
bidirectional lines, connected to a 
positive supply voltage via a 
pull-up resistor (see Fig.2). When 
the bus is free, both lines are 
HIGH. The output stages of 
devices connected to the bus 
must have an open-drain or open
collector in order to perform the 
wired-AND function. Data on the 
12C-bus can be transferred at a 
rate up to 100 kbiVs in the 
standard-mode, or up to 400 kbiVs 
in the fast-mode. The number of 
interfaces connected to the bus is 
solely dependent on the limiting 
bus capacitance of 400 pF. 

not permanent, but only depend 
on the direction of data transfer at 
that time. The transfer of data 
would proceed as follows: 
1) Suppose microcontroller A 
wants to send information to 
microcontroller B: 
- microcontroller A (master), 

addresses microcontroller B 
(slave) 

- microcontroller A (master
transmitter), sends data to 
microcontroller B (slave
receiver) 

- microcontroller A terminates the 
transfer. 

2) If microcontroller A wants to 
receive information from 
microcontroller B: 
- microcontroller A (master) 

addresses microcontroller B 
(slave) 

- microcontroller A (master
receiver) receives data from 
microcontroller B (slave
transmitter) 

- microcontroller A terminates the 
transfer. 

Even in this case, the master 
(microcontroller A) generates the 
timing and terminates the transfer. 

The possibility of connecting 
more than one microcontroller to 
the 12C-bus means that more than 
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one master could try to initiate a 
data transfer at the same time. To 
avoid the chaos that might ensue 
from such an event - an arbitration 
procedure has been developed. 
This procedure relies on the 
wired-AND connection of all t2c 
interfaces to the 12c-bus. 

If two or more masfers try to 
put information onto the bus, the 
first to produce a 'one' when the 
other produces a 'zero' will lose 
the arbitration. The clock signals 
during arbitration are a 
synchronised combination of the 
clocks generated by the masters 
using the wired-AND connection to 
the SCl line (for more detailed 
information concerning arbitration 
see section 6.0). 

Generation of clock signals on 
the 12C-bus is always the 

4_0 BIT TRANSFER 
Due to the variety of different 
technology devices (CMOS, 
NMOS, bipolar) which can be 
connected to the 12C-bus, the 
levels of the logical '0' (lOW) and 
'1' (HIGH) are not fixed and 
depend on the associated level of 
Voo (see Section 15.0 for 

+VDD 
Pull-up 
Resistors Rp Rp 

SOA Serial Data Line) 

SCL Serlo! Clock Une} 

- - - - - - - - - - -.... r - - - - - - -
SCLK 

SCLK DATA 
In In 

... - - - - - ______________ J 

DATA 
In 

Fig.2 Connection of 12C-bus devices to the 12C-bus 

138 



Philips Semiconductors BOC51-Based 8-Bit Microcontrollers 

12C-bus specification (including fast-mode) 

Electrical specifications). One 
clock pulse is generated for each 
data bit transferred. 

4.1 Data validity 
The data on the SDA line must be 
stable during the HIGH period 01 
the clock. The HIGH or lOW state 
of the data line can only change 
when the clock signal on the SCl 
line is LOW (Fig.3). 

4.2 START and STOP 
conditions 
Within the procedure of the 12C_ 
bus, unique situations arise which 
are defined as START and STOP 
conditions (see Fig.4). 

A HIGH to lOW transition of 
the SDA line while SCl is HIGH is 
one such unique case. This 
situation indicates a START 
condition. 

A lOW to HIGH transition of 
the SDA line while SCl is HIGH 
defines a STOP condition. 

START and STOP conditions 
are always generated by the 
master. The bus is considered to 
be busy after the START 
condition. The bus is considered 
to be free again a certain time 
after the STOP condition. This bus 
free situation will be specified later 
(in Section 15.0). 

Detection of START and STOP 
conditions by devices connected 
to the bus is easy if they 
incorporate the necessary 
interfacing hardware. However, 

Start Condition 
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SDA __ I _---'X~~~ 
SCl _---.:1/ \-:--: ~r~ 

Data Line 
Stable: 

Ds'a Valid 

Change 
of Data 
Allowed 

Fig.3 Bit transfer on the /2C·bus 

SOA---~ SOA 

---'~~'---I ' I I 

SCL I I ( I 

IS' I P I 

SCl 

Start Condition Stop Condition 

FigA START and STOP conditions 

microcontrollers with no such 
interface have to sample the SDA 
line at least twice per clock period 
in order to sense the transition. 

5.0 TRANSFERRING 
DATA 

5.1 By1e format 
Every byte put on the SDA line 
must be 8-bits long. The number 
of bytes that can be transmitted 
per transfer is unrestricted. Each 
byte has to be followed by an 
acknowledge bit. Data is 
transferred with the most 
significant bit (MSB) first (Fig.5). If 
a receiver can't receive another 
complete byte of data until it has 

Fig.S Data transfer on the /2C-bus 
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performed some other function, for 
example, servicing an internal 
interrupt, it can hold the clock line 
SCl lOW to force the transmitter 
into a wait state. Data transfer 
then continues when the receiver 
is ready for another byte of data 
and releases clock line SCL. 

In some cases, it's permitted to 
use a different format from the 
12C-bus format (for CBUS 
compatible devices for example). 
A message which starts with such 
an address can be terminated by 
generation of a STOP condition, 
even during the transmission of a 
byte. In this case, no acknowledge 
is generated (see section 8.1.3). 

~
.-. 

, ' 
, ' 

AcknOwledgment ': 
Signal from Receiver : ' 

~' 
3-8 9 I I 

ACK I P I 

Stop Condition 
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determined by the one with the 
shortest clock HIGH period. 

6.2 Arbitration 
A master may start a transfer only 
if the bus is free. Two or more 
masters may generate a START 
condition within the minimum hold 

time (tHD;STA) of the START 
condition which results in a 
defined START condition to the 
bus. 

Arbitration takes place on the 
SDA line, while the SCL line is at 
the HIGH level, in such a way that 
the master which transmits a 
HIGH level, while another master 
is transmitting a LOW level will 
switch off its OAT A output stage 
because the level on the bus 
doesn't correspond to its own 
level. 

Arbitration can continue for 
many bits. Its first stage is 
comparison of the address bits 
(addressing information is in 
Sections 8.0 and 12.0). "the 
masters are each trying to 
address the same device, 
arbitration continues with 
comparison of the data. Because 
address and data information on 
the 12C-bus is used for arbitration, 
no information is lost during this 
process. 

A master which loses the 
arbitration can generate clock 
pulses until the end of the byte in 
which ij loses the arbitration. 
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Data , 
Data 

2 

SDA 

SCL 

" a master also incorporates a 
slave function and it loses 
arbitration during the addressing 
stage, it's possible that the 
winning master is trying to 
address it. The losing master must 
therefore switch over immediately 
to its slave-receiver mode. 

Figure 8 shows the arbitration 
procedure for two masters. Of 
course, more may be involved 
(depending on how many masters 
are connected to the bus). The 
moment there is a difference 
between the intemal data level of 
the master generating DATA 1 
and the actual level on the SDA 
line, its data output is switched off, 
which means that a HIGH output 
level is then connected to the bus. 
This will not affect the data 
transfer initiated by the winning 
master. Since control of the 12C. 
bus is decided solely on the 
address and data sent by 
competing masters, there is no 
central master, nor any order of 
priority on the bus. 

Special attention must be paid 
if, during a serial transfer, the 
arbitration procedure is still in 
progress at the moment when a 
repeated START condition or a 
STOP condition is transmitted to 
the 12C-bus. If it's possible for 
such a situation to occur, the 
masters inVOlved must send this 
repeated START condition or 
STOP condition at the same 
position in the format frame. In 
other words, arbitration isn't 

allowed between: 
A repeated START condition 
and a data bit 

- A STOP condition and a 
data bit 
A repeated START condition 
and a STOP condition. 

6.3 Use of the clock 
synchronising mechanism as a 
handshake 
In addition to being used during 
the arbitration procedure, the clock 
synchronization mechanism can 
be used to enable receivers to 
cope with fast data transfers, on 
either a byte level or a bit level. 

On the byte level, a device may 
be able to receive bytes of data at 
a fast rate, but needs more time 
to store a received b~1e or 
prepare another byte to be 
transmitted. Slaves can then hold 
the SCL line LOW after reception 
and acknowledgement of a byte to 
force the master into a wait state 
until the slave is ready for the next 
byte transfer in a type of 
handshake procedure. 

On the bit level, a device such 
as a microcontroller without, or 
with only a limited hardware 12C 
interface on-chip can slow down 
the bus clock by extending each 
clock LOW period. In this way, the 
speed of any master is adapted to 
the internal operating rate of this 
device. 

Transmitter 1 Losee Arbitration 
Data 1 ",SOA 

Fig.8 Arbitration procedure of two masters 
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7.0 FORMATS WITH 7-BIT 
ADDRESSES 
Data transfers follow the format 
shown in Fig.9. After the START 
condition (S), a slave address is 
sent. This address is 7 bits long 
followed by an eighth ~ which is 
a data direction bit (R/W) - a 
'zero' indicates a transmission 
(WRITE), a 'one' indicates a 
request for data (READ). A data 
transfer is always terminated by a 
STOP condition (P) generated by 
the master. However, if a master 
still wishes to communicate on the 
bus, it can generate a repeated 
START condition (Sr) and address 
another slave without first 
generating a STOP condition. 
Various combinations of read/write 
formats are then possible within 
such a transfer. 

Possible data transfer formats 
are: 
- Master·transmitter transmits to 

slave-receiver. The transfer 
direction is not changed 
(Fig.l0). 

- Master reads slave immediately 
after first byte (Fig.ll). At the 
moment of the first 
acknowledge, the master
transmitter becomes a master
receiver and the slave-receiver 
becomes a slave-transmitter. 
This acknowledge is still 
generated by the slave. The 
STOP condition is generated by 
the master. 

- Combined format (Fig.12). 
During a change of direction 
within a transfer, the START 
condition and the slave address 
ar~oth repeated, but with the 
R/W bit reversed. 
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SCL:::V:~~~ 
• _, ~ L-,-J '-,.-' '-,.-' '---v--' '-,.-' . _ , 

Start Address RtW ACK Data ACK Data ACK Stop 
Condition Condition 

Fig.9 A complete data transfer 

~ from master to slave 

o fromslaYetomaster 

A _ acknow1ec1ge (SDA LOW) 

Ii: _ not acknow4l1dge (SDA HIGH) 

S.STARToondition 
P_STOPoonc:itIon 

Fig. 10 A master-transmitter addresses a slave-receiver with a 7-bit address. 
The transfer direction is not changed 

I 
MBC606 (read) 

I DATA ~£j DATA [Ax1] 
L data transferred -----1 

(n bytes + acknowledge) 

Fig. 1 f A master reads a slave immediately after the first byte 

• transfer direction of 
data and _edge bi1s 
depends on RiW bits. 

Sr. repeated START condltlon 

oflransfer 
may change 
otthls polnt. -Fig.12 Combinedformat 

NOTES: 
1) Combined formats can be used, for 

example, to control a serial 
memory. During the first data byte, 
the intemal memory location has to 
be written. After the START 
condition and slave address is 
repeated, data can be transferred. 

2) All decisions on auto-increment or 
decrement of previously accessed 
merr.ory locations etc. are taken by 

the designer of the device. 

141 

3) Each byte is followed by an 
acknowledgement bit as indicated 
by the A or A blocks in the 
sequence. 

4) 12C-bus compatible devices must 
reset their bus logic on receipt of a 
START or repeated START 
condition such that they all 
antiCipate the sending of a slave 

address. 
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8.0 7-BIT ADDRESSING 
(see section 13 for 10-bit 
addressing) 
The addressing procedure for the 
12C-bus is such that the first byte 
after the START condition usually 
determines which slave will be 

selected by the master. The 
exception is the 'general call' 
address which can address all 

devices. When this address is 
used, all devices should, in theory, 
respond with an acknowledge. 
However, devices can be made to 

ignore this address. The second 
byte of the general call address 
then defines the action to be 
taken. This procedure is explained 
in more detail in Section 8.1.1. 

8.1 Definition of bits In the 
first byte 
The first seven bits of the first 
byte make up the slave address 
(Fig.13). The eighth bit is the LSB 
(least significant bit). It determines 
the direction of the message. A 
'zero' in the least significant 
position of the first byte means 
that the master will write 
information to a selected slave. A 

'one' in this position means that 
the master will read information 

from the slave. 
When an address is sent, each 

device in a system compares the 
first 7 btls after the START 
condition with its address. If they 

match, the device considers itself 
addressed by the master as a 
slave-receiver or slave-transmitter. 
depending on the RlW bit. 

A slave address can be made

up of a fixed and a programmable 
part. Since it's likely that there will 
be several identical devices in a 
system, the programmable part of 

the slave address enables the 
maximum possible number of 
such devices to be connected to 
the 12C-bus. The number of 
programmable address bits of a 

device depends on the number of 
pins available. For example, if a 
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device has 4 fixed and 3 

programmable address bits, a total 
of 8 identical devices can be 
connected to the same bus. 

The 12C-bus committee 

coordinates allocation of 12C 
addresses. Further information can 
be obtained fom the Philips 

representatives listed on the back 
cover. Two groups of eight 

addresses (OOOOXXX and 
1111 XXX) are reserved for the 

purposes shown in Table 2. The 
bit combination 1111 OXX of the 
slave address is reserved for 10-
bit addressing (see Section 13.0). 

Table 2 Definition of bits in the first byte 

Slave RlWbit Description 

address 

0000000 0 General call address 

0000000 1 START byte 

0000001 X CBUS address 

0000010 X Address reserved for different bus format 

0000011 X 

0000IXX X 
Reserved for Mure purposes 

lllllXX X 

11110XX X 10-bit slave addressing 

NOTES: 
1) No device is allowed 10 

acknowledge at the reception of the 
START byte. 

2) The CBUS address has been 
reserved to enable the inter-mixing 
of CBUS compatible and l2c-bus 
compatible devices in the same 
system. 12c-bus compatible devices 
are not allowed to respond on 
reception of this address. 

MSD 

3) The address reserved for a different 
bus format is included to enable 12C 
and other protocols to be mixed. 
Only 12C·bus compatible devices 
that can work with such formats 
and protocols are allowed to 
respond to this address. 

LSD 

Slave Address .. 

Fig. 13 The firs! byte sfter the START procedure 

142 



Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

12C-bus specification (including fast-mode) 

8.1.1 General caff address 
The general call address should 
be used to address every device 
connected to the 12C-bus. 
However. if a device doesn't need 
any of the data supplied within the 
general call structure, it can ignore 
this address by not 
acknowledging. If a device does 
require data from a general call 
address, it will acknowledge this 
address and behave as a slave
receiver. The second and 
following bytes will be 
acknowledged by every slave
receiver capable of handling this 
data. A slave which cannot 
process one of these bytes must 
ignore it by not acknowledging. 
The meaning of the general call 
address is always specified in the 
second byte (Fig.14). 

There are two cases to 
consider: 
• When the least significant bit B 

is a 'zero'. 
• When the least significant bit B 

is a 'one'. 

When B is a 'zero'; the second 
byte has the following definition: 
- 00000110 (H'06'). Reset and 

write programmable part of 

'-----------------
Rrst Byte 

(General Call Address) 

0 

slave address by hardware. On 
receiving this 2-byte sequence, 
all devices designed to respond 
to the general call address will 
reset and take in the 
programmable part of their 
address. Precautions have to 
be taken to ensure that a 
device is not pulling down the 
SDA or SCL line after applying 
the supply voltage, since these 
low levels would block the bus 

- 00000100 (H'04'). Write 
programmable part of slave 
address by hardware. All 
devices which define the 
programmable part of their 
address by hardware (and 
which respond to the general 
call address) will latch this 
programmable part at the 
reception of this two byte 
sequence. The device will not 
reset 

- 00000000 (H'OO'). This code is 
not allowed to be used as the 
second byte. 

Sequences of programming 
procedure are published in the 
appropriate device data sheets. 

I 0 I 0 I A I X I X I 
./ '-

X 

Fig. 14 General call address format 

(8) 

I 

I 

The remaining codes have not 
been fixed and devices must 
ignore them. 

When B is a 'one'; the 2-byte 
sequence is a 'hardware general 
call'. This means that the 
sequence is transmitted by a 
hardware master device, such as 
a keyboard scanner, which cannot 
be programmed to transmit a 
desired slave address. Since a 
hardware master doesn't know in 
advance to which device the 
message has to be transferred, it 
can only generate this hardware 
general call and its own address -
identifying itself to the system 
(Fig.15). 

The seven bits remaining in the 
second byte contain the address 
of the hardware master. This 
address is recognised by an 
intelligent device, such as a 
microcontroller, connected to the 
bus which will then direct the 
information from the hardware 
master. If the hardware master 
can also act as a slave, the slave 
address is identical to the master 
address. 

In some systems, an alternative 
could be that the hardware master 

LSB 

X I X I X I X I 
I 
B I A I 

./ 

Second Byte 

oooooooo Master Address 1 I A I Do .. Do" 

-' ~~--------~ ---------~ L-________ ~II~------~ 

General Call Address Second Byte (in Bytes + AcknOwledge) 

Fig.15 Data transfer from a hardware master-transmitter 
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Slave Addr HIW Master Dwnp Addr for HiW Master 

Write 

(a) Configuring Master Sends Dump Addreas to Hardware Master 

Slave Addr HIW Master Data Data 

Write (n Bytes + Acknowledge) 

(b) Hardware Master Dumps Data to Selected Slave Device 

Fig. 16 Data transfer by a hardwBlll-transmitter capable of dumping 
data directly to slave devices (a) Configuring master sends dump 
address to hardware master (b) Hardware master dumps data to 

transmitter is set in the slave
receiver mode after the system 
reset. In this way, a system 
configuring master can tell the 
hardware master-transmitter 
(which is now in slave-receiver 
mode) to which address data must 
be sent (Fig.16). After this 
programming procedure, the 
hardware master remains in the 
master-transmitter mode. 

8_1_2 START byte 
Microcontrollers can be connected 
to the 12C-bus in two ways. A 
microcontroller with an on-chip 
hardware 12C-bus interlace can be 
programmed to be only interrupted 
by requests from the bus. When 
the device doesn't have such an 
interlace, it must constantly 
monitor the bus via software. 
Obviously, the more times the 
microcontroller monitors, or polls, 
the bus the less time it can spend 

r-l 
I 1 

selected slave 

carrying out its intended function. 
There is therefore a speed 
difference between fast hardware 
devices and a relatively slow 
microcontroller which relies on 
software polling. 

In this case, data transfer can 
be preceded by a start procedure 
which is much longer than normal 
(Fig.17). The start procedure 
consists of: 
- A START condition (S) 
- A START byte (00000001) 
- An acknowledge clock pulse 

(ACK) 
- A repeated START condition 

(Sr). 

After the START condition S has 
been transmitted by a master 
which requires bus access, the 
START byte (00000001) is 
transmitted. Another 
microcontroller can therefore 
sample the SOA line at a low 

SOAi\ 1 
I '-'1------ _---oJ/ 
I 1 

SCl TI\ r;\ r;\. I i U' U ~ L __ 

L~J 
1-"1 ,,0---- start byte 00000001 

Fig.17 START byte procedure 
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sampling rate until one of the 
seven zeros in the START byte is 
detected. After detection of this 
lOW level on the SDA line, the 
microcontroller can switch to a 
higher sampling rate to find the 
repeated START condition Sr 
which is then used for 
synchronization. 

A hardware receiver will reset 
on receipt of the repeated START 
condition Sr and will therefore 
ignore the START byte. 

An acknowledge-related clock 
pulse is generated after the 
START byte. This is present only 
to conform with the byte handling 
format used on the bus. No device 
is allowed to acknowledge the 
START byte. 

dummy 
acknowledge 

(HIGH) 

ACK 

:\L 
I 1 
I 1 

MBC633 
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8.1.3 CBUS compatibility 
CBUS receivers can be connected 
to the 12C-bus. However. a third 
line called OLEN must then be 
connected and the acknowledge 
bit omitted. Normally, 12C 
transmissions are sequences of 
8·bit bytes; CBUS compatible 
devices have different formats. 

In a mixed bus structure, 12C_ 
bus devices must not respond to 

SCL I 

the CBUS message. For this 
reason, a special CBUS address 
(OOOO001X) to which no 12C-bus 
compatible device will respond, 
has been reserved. After 
transmission of the CBUS 
address, the OLEN line can be 
made active and a CBUS-format 
transmission (Fig.18) sent. After 
the STOP condition, all devices 
are again ready to accept data. 

D~: / 
~------------~ 

, S ',----_ ----~~L,._IL,.-I ~-------

Master-transmitters can send 
CBUS formats after sending the 
CBUS address. The transmission 
is ended by a STOP condition, 
recognised by all devices. 

NOTE: If the CBUS configuration is 
known, and expansion with CBUS 
compatible devices isn't foreseen, the 
designer is allowed to adapt the hold 
time to the specrtic requirements of the 
device(s) used. 

1/ 

------~L,._I p' 

CBUS 
Address 

RIW n Data Bits CBUS 
load Stop 

Candition 
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Start 
Condition 

Bit 
ACK Related 
Clock Pulse 

Fig.18 Data format of transmissions with CBUS transmitterlreceiver 
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9.0 ELECTRICAL 
CHARACTERISTICS FOR 12c_ 
BUS DEVICES 
The electrical specifications for the 
lias of 12C-bus devices and the 
characteristics of the bus lines 
connected to them are given in 
Tables 3 and 4 in Section 15. 

12C-bus devices with fixed input 
levels of 1.5 V and 3 V can each 
have their own appropriate supply 
voltage. Pull-up resistors must be 
connected to a 5 V ± 10% supply 
(Fig_19). 12C-bus devices with 
input levels related to V DD must 
have one common supply line to 
which the pull-up resistor is also 
connected (Fig.20). 

When devices with fixed input 
levels are mixed with devices with 

input levels related to V DO' the 
latter devices must be connected 
to one common supply line of 5 V 
± 10% and must have pull-up 
resistors connected to their SDA 
and SCL pins as shown in Fig.21. 

Input levels are defined in such 
a way that: 
- The noise margin on the LOW 

level is 0.1 Voo 
- The noise margin on the HIGH 

level is 0.2 Voo 
- Series resistors (Rs) of e.g. 

300 n can be used for 
protection against high voltage 
spikes on the SDA and SCL 
line due to flash-over of a TV 
picture tube, for example 
(Fig.22). 

9.1 Maximum and minimum 
values of resistors Rp and R. 
In a standard-mode 12C-bus 
system the values of resistors Rp 
and Rs in Fig.22 depend on the 
following parameters: 
1) Supply voltage 
2) Bus capacitance 
3) Number of connected devices 

(input current + leakage 
current) 

March 1993 

V002 _ 4 are device dependent (e.g. 12 V) 

V001- SV±10% V002 V003 V004 

Rp Rp 

SOA 

SCL 
1IBCtI,. 

Fig.19 Fixed input level devices connected to the 12C-bus 

Fig.20 Devices with wide supply voltage range connected to /he 12C-bus 

Rp Rp 

Vool Z 

5V±10% 

V002,3 are device dependent (e.g. 12 V) 

Vo02 V 003 

SoA 

SCL 
1IBC626 

Fig.21 Devices with input levels related to Voo (supply VgD ,) mixed with fixed 
input level devices (supply V002.:) on /he I C-bus 

Voo VOO 

RS RS RS RS Rp Rp 

SOA ------_4 __ ~-------4--~----__ --~--~------
SCL ----------__ ~ __________ ~ __________ _+ ____ ___ 

Fig.22 Series resistors (RJ for protection against high-voltage spikes 
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The supply voltage limits the 
minimum value of resistor Rp due 
to the specified minimum sink 

current of 3 mA at VOLmax = 0.4 V 
for the output stages. Voo as a 

function of Rp min is shown in 
Fig.23. The desired noise margin 

of O.lVoo for the LOW level limits 

the maximum value of Rs· Rs max 

as a function of Rp is shown in 
Fig.24. 

The bus capacitance is the total 
capacitance of wire, connections 

and pins. This capacitance limits 
the maximum value of Rp due to 
the specified rise time. Fig.25 

shows Rp max as a function of bus 
capacitance. 

The maximum HIGH level input 
current of each input/output 

connection has a specified 
maximum value of 10 j.JA. Due to 

the desired noise margin of 
0.2Voo for the HIGH level, this 
input current limits the maximum 
value of Rp. This lim~ depends on 

Voo. The total HIGH level input 
current is shown as a function of 

Rp max in Fig.26. 
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J .......... 
..... Rp 5 

1 
/ 

IJdlI 
RS"O 

/ 
/! 
X 

1,/. rMI_ RS 

/V 
V 

~ 

o 
a 12 1e 

VooM 
Fig.23 Minimum value of Rp as a function of supply voltage with the value 

of R, as a parameter 
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800 '200 , ... 
IMdmum.,.... RS (D) 

Fig.24 Maximum value of R, as a function of the value of Rp with supply 
voltage as a parameter 
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Fig.25 Maximum value of Rp as a function of bus capacitance for a 
standard-mode 12C-bus 
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Fig.26 Total HIGH level input current as a function of the maximum value 
of Rp with supply voltage as a parameter 
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10.0 EXTENSIONS TO THE 
12C-BUS SPECIFICATION 
The 12C-bus with a data transfer 
rate of up to 100 kbitls and 7 -bit 
addressing has now been in 
existence for more than ten years 
with an unchanged specification. 
The concept is accepted worfd
wide as a de facto standard and 
hundreds of different types of IZe
bus compatible ICs are available 
from Philips and other suppliers. 
The fC-bus specification is now 
extended with the following two 
features: 
• A fast-mode which allows a 

fourfold increase of the bit rate 
to 0 to 400 kbitls 

• 10-bit addressing which allows 
the use of up to 1024 additional 
addresses. 

There are two reasons for these 
extensions to the 12C-bus 
specification: 
- New applications will need to 

transfer a larger amount of 
serial data and will therefore 
demand a higher bit rate than 
100 kbitls. Improved IC 
manufacturing technology now 
allows a fourfold speed 
increase without increasing the 
manufacturing cost of the 
interface circuitry 

- Most of the 112 addresses 
available with the 7-bit 
addressing scheme have been 
issued more than once. To 
prevent problems with the 
allocation of slave addresses 
for new devices, it is desirable 
to have more address 
combinations. About a tenfold 
increase of the number of 
available addresses is obtained 
with the new 1 O-bit addressing. 

All new devices with an 12C-bus 
interface are provided with the 
fast-mode. Preferably, they should 
be able to receive and/or transmit 
at 400 kbitls. The minimum 
requirement is that they can 
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synchronize with a 400 kbitls 
transfer; they can then prolong the 
lOW period of the SCl signal to 
slow down the transfer. Fast-mode 
devices must be downward
compatible which means that they 
must still be able to communicate 
with 0 to 100 kbitls devices in a 0 
to 100 kbitls 12C-bus system. 

Obviously, devices with 0 to 
100 kbitls 12C-bus interface cannot 
be incorporated in a fast-mode 
12C-bus system because, since 
they cannot follow the higher 
transfer rate. Unpredictable states 
of these devices would occur. 

Slave devices with a fast-mode 
12C-bus interface can have a 7 -bit 
or 10-bit slave address. However, 
a 7-bit address is preferred 
because it is the cheapest solution 
in hardware and it results in the 
shortest message length. Devices 
with 7 -bit and 10-bit addresses 
can be mixed in the same 12C-bus 
system regardless of whether it is 
a 0 to 100 kbitls standard-mode 
system or a 0 to 400 kbitls fast
mode system. Existing and future 
masters can generate 7 -bit or 10-
bit addresses. 

11.0 FAST-MODE 
In the fast-mode of the 12C-bus, 
the protocol, format, logic levels 
and maximum capacitive load for 
the SDA and SCl lines given in 
the previous 12C-bus specification 
remain unchanged. Changes to 
the previous 12C-bus specification 
are: 
- The maximum bit rate is 

increased to 400 kbitls 
- Timing of the serial data (SDA) 

and serial clock (SCl) signals 
has been adapted. There is no 
need for compatibility with other 
bus systems such as CBUS 
because they cannot operate at 
the increased bit rate 

- The inputs of fast-mode 
devices must incorporate spike 
suppression and a Schmitt 
trigger at the SDA and SCL 
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inputs 
- The output buffers of fast-mode 

devices must incorporate slope 
control of the falling edges of 
the SDA and SCL signals 

- If the power supply to a fast
mode device is switched off, 
the SDA and SCl I/O pins 
must be floating so that they 
don't obstruct the bus lines 

- The extemal pull-up devices 
connected to the bus lines must 
be adapted to accommodate 
the shorter maximum 
permissible rise time for the 
fast-mode 12C-bus. For bus 
loads up to 200 pF, the pull-up 
device for each bus line can be 
a resistor; for bus loads 
between 200 pF and 400 pF, 
the pull-up device can be a 
current source (3 mA max.) or 
a switched resistor circuit as 
shown in Fig.34. 

12.0 10-BIT ADDRESSING 
The 10-bit addressing does not 
Change the format in the 12C-bus 
specification. Using 10 bits for 
addressing exploits the reserved 
combination 1111 XXX for the first 
7 bits of the first byte following a 
START (S) or repeated START 
(Sr) condition as explained in 
Section B.l. The 10-bit addressing 
does no! affect the existing 7 -bit 
addressing. Devices with 7 -bit and 
10-bit addresses can be 
connected to the same 12C-bus, 
and both 7 -bit and 10-bit 
addressing can be used in a 
standard-mode system (up to 
100 kbitls) or a fast-mode system 
(up to 400 kbitls) system. 

Although there are eight 
possible combinations of the 
reserved address bits 1111 XXX, 
only the four combinations 
11110XX are used for 10-bit 
addressing. The remaining four 
combinations 11111 XX are 
reserved for future 12C-bus 
enhancements. 
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12.1 Definition of bits in the 
first two bytes 

The 10-bit slave address is 
formed from the first two bytes 
following a START condition (S) or 
a repeated START condition (Sr). 

The first 7 bits of the first byte 
are the combination 1111 OXX of 
which the last two bits (XX) are 
the two most-significant bits 
(MSBs) of the 1 D-bit address; the 
eighth bit of the first byte is the 
Riw bit that determines the 
direction of the message. A 'zero' 
in the least significant position of 
the first byte means that the 
master will write information to a 
selected slave. A 'one' in this 
position means that the master will 
read information from the slave. 

If R/W is 'zero', then the 
second byte contains the 
remaining 8 bits (XXXX~XX) of 
the 1 O~bit address. If R/W is 
'one', then the next byte contains 
data transmitted from slave to 
master. 

12.2 Formats with 10-bit 
addresses 
Various combinations of read/write 
formats are possible within a 
transfer that includes 10-bit 
addressing. Possible data transfer 
formats are: 
- Master-transmitter transmits 

to slave-receiver with a 10-bit 
slave address. The transfer 
direction is not changed 
(Fig.27). When a 1 D-bit 
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address follows a START 
condition, each slave compares 
the first 7 bits of the first byte 
of the slave address (1111 OXX) 
with its own address and tests 
if the eighth bit (R/W direction 
bit) is O. It is possible that more 
than one device will find a 
match and generate an 
acknowledge (A 1). All slaves 
that found a match will 
compare the 8 bits of the 
second byte of the slave 
address (XXXXXXXX) with their 

(write) 

Fig.27 A master-transmitter addresses a slave·receiver with a to-bit 
address 

Fig.2B A master·receiver addresses a slave-transmitter with a 10-bit 
address 

1 1 1 to )( x 0 

Fig.29 Combined fOmJat. A master addresses a slave with a 1 O-bit address, 
then transmits data to this slave and reads data from this slave 

own addresses, but only one 
slave will find a match and 
generate an acknowledge (A2). 
The matching slave will remain 
addressed by the master until it 
receives a STOP condition (P) 
or a repeated START condition 
(Sr) followed by a dilferent 
slave address. 
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- Master-receiver reads slave
transmitter with a 10-bit slave 
address. The tr"msfer 
direction i~changed atter the 
second RlW bit (Fig.28). Up 
to and including acknowledge 
bit A2, the procedure is the 
same as that described above 
for a master-transmitter 
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1 1 1 10 X x 0 

~1'1~ ~~~ . ~:. ~EffiJ· *%1- C~~fAj 
I 

~I~----------------------~ 
1 1 1 lOX X 0 

Fig.30 Combined format. A master transmits data to two slaves, both with 
1O-bit addresses 

Fig.31 Combined format. A master transmits data to two slaves, one with 
a 7-bit address, and one with a la-bit address 

addressing a slave-receiver. 
After the repeated START 
condition (Sr), a matching slave 
remembers that it was 
addressed before. This slave 

then checks if the first 7 bits of 
the first byte of the slave 
address following Sr are the 

same as before after the 
START conditio~.JS), and tests 
if the eighth (R/W) bit is 1. If 
therlj is a match, the slave 
considers that it has been 

addressed as a transmiller and 
generates acllnowledge A3. 
The slave-transmitter remains 
addressed until it receives a 

STOP condition (P) or until it 
receives another repeated 
START condition (Sr) followed 

by a different slave address. 
After Sr, all the other slave 
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devices will also compare the 

first 7 bits of the first byte of 
the slave address (1111 OXX) 
with their own addresses and 
test the eighth (R/W) bit. 

However, none of them will be 
addressed because R/W = 1 
(for lO-bit devices), or the 
11110XX slave address (for 7-
bit devices) does not match) 

- Combined format. A master 
transmits data to a slave and 

then reads data from the 
same slave (Fig.29). The 

same master occupies the bus 
all the time. The transfer 
direction is~hanged after the 

second R/W bit 
- Combined format. A master 

transmits data to one slave 
and then transmits data to 
another slave (Fig.30). The 
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master occupies the bus all the 
time 

- Combined format. 100bit and 
7-bit addressing combined in 

one serial transfer (Fig.31). 
After each START condition 
(S), or each repeated START 
condition (Sr), a 100bit or 7 -bit 

slave address can be 
transmitted. Figure 30 shows 

how a master-transmits data to 
a slave with a 7 -bit address 
and then transmits data to a 
slave with a 10-bit address. 
The same master occupies the 
bus all the time. 

NOTES: 
1) Combined formats can be used, for 

example, to control a serial 
memory. During the first data byte, 
the internal memory location has to 
be wrinen. After the START 
condition and slave address is 
repeated, data can be transferred. 

2) All decisions on auto-increment or 
decrement of previously accessed 
memory locations etc. are taken by 
the designer of the device. 

3) Each byte is followed by an 
acknowledgement bit as indicated 
by the A or A blocks in the 
sequence. 

4) 12C-bus compatible devices must 
reset their bus logic on receipt of a 
START or repeated START 
condition such that they all 
anticipate the sending of a slave 
address. 

13.0 GENERAL CALL 
ADDRESS AND START BYTE 
The 10-bit addressing procedure 
ior the 12C-bus is such that the 

first two bytes after the START 
condition (S) usually determine 
which slavli will be selected by the 
master. The exception is the 

'g~neral calf' address 00000000 
(H'OO'). Slave devices with 10-biI 

addressing will react to a 'general 
calf' in the same way as slave 
devices with 7-bit addressing (see 
Section 8.1.1). 

Hardware masters can transmit 
their 10-bit address after a 
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'general call'. In this case, the 
'general call' address byte is 
followed by two successive bytes 
containing the 10-bit address of 
the master-transmitter. The format 
is as shown in Fig. 15 where the 
first DATA byte contains the eight 
least-significant bits of the master 
address. 

The START byte 00000001 
(H'01') can precede the 1 D-bit 
addressing in the same way as for 
7-bit addressing (see Section 
8.1.2). 
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14.0 APPLICATION 
INFORMATION FOR FAST
MODE 12C-BUS DEVICES 

14.1 Output stage with slope 
control 
The electrical specifications for the 
lias of 12C-bus devices and the 
characteristics of the bus lines 
connected to them are given in 
Tables 3 and 4 in Section 15. 

Figures 32 and 33 show 
examples of output stages with 
slope control in CMOS and bipolar 
technology. The slope of the 
falling edge is defined by a Miller 
capacitor (Cl) and a resistor (Rl). 
The typical values for Cl and Rl 
are indicated on the diagrams. 
The wide tolerance for output fall 
time 'oF given in Table 3 means 
that the design is not critical. The 
fall time is only slighlly influenced 
by the external bus load (Cb) and 
external pull-up resistor (Rp). 
However, the rise time (tR) 
specified in Table 4 is mainly 
determined by the bus load 
capacitance and the value of the 
pull-up resistor. 

14.2 Switched pull-up circuit 
The supply voltage (V DO) and the 
maximum output LOW level 
determine the minimum value of 
pull-up resistor Rp (see Section 
9.1). For example, with a supply 
voltage of Voo ~ 5 V ± 10% and 

VOL max. ~ 0.4 V at 3 mA, Rp min. 

~ (5.5 - 0.4)/0.003 ~ 1.7 kn. As 
shown in Fig.35, this value of Rp 
limits the maximum bus 
capacitance to about 200 pF to 
meet the maximum tR requirement 
of 300 ns. If the bus has a higher 
capacitance than this, a switched 
pull-up circuit as shown in Fig.34 
can be used. 

The switched pull-up circuit in 
Fig.34 is for a supply voltage of 
Voo ~ 5 V ± 10 % and a 
maximum capacitive load of 
400 pF. Since it is controlled by 
the bus levels, it needs no 
additional control signals. During 
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the rising/falling edges, the 
bilateral switch in the HCT 4066 
switches pull-up resistor Rp2 onloff 
at bus levels between 0.8 V and 
2.0 V. Combined resistors Rp 1 
and Rp2 can pull-up the bus line 
within the maximum specified rise 
time (tR) of 300 ns. The maximum 
sink current for the driving 12C-bus 
device will not exceed 6 mA at 
VOL2 ~ 0.6 V, and 3 mA at VOLl 

~ 0.4 V. 
Series resistors Rs are optional. 

They protect the 1/0 stages of the 
12C-bus devices from high-voltage 
spikes on the bus lines, and 
minimize crosstalk and undershoot 
of the bus line signals. The 
maximum value of Rs is 
determined by the maximum 
permitted voltage drop across this 
resistor when the bus line is 
switched to the LOW level in order 
to switch off Rp2. 

14.3 Wi ri ng pattern of the 
bus lines 
In general, the wiring must be so 
chosen that crosstalk and 
interference tolfrom the bus lines 
is minimized. The bus lines are 
most susceptible to crosstalk and 
interference at the HIGH level 
because of the relatively high 
impedance of the pull-up devices. 

If the length of the bus lines on 
a PCB or ribbon cable exceeds 
10 cm and includes the V DO and 
V 55 lines, the wiring pattem must 
be: 

SOA ________ _ 

Voo 
Vss 
SCL 

If only the V5S line is included, 
the wiring pattern must be: 

SOA ________ _ 

Vss 
SCL 
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r------------------,VDD 
r------------+~~-----vDD 

P 
b 

~ ______ ~ __ -+~~~ ___ v~ 

Fig.32 S/ope-controlled output stage in CMOS technology 

r--;:::=====~'-t----VOD 

Fig.33 S/ope-controlled output stage in bipolar technology 

nE 

Rpt 

VDD 
5V±10% 

~~ ______ ~ ____ 4-~ ____ 4r~_S~~~L 

IIBC620 Vss 
FAST - MODE 12C BUS DEVICES 

Fig.34 Switched pull~up circuit 

'.5 
.... ~m 
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(l<Q) 
•. 0 

'.5 \\ 
\\ 

3.0 
'\f..;Rs·o 

~ 

1.5 
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... .""...,.,...,(pF) 

Fig.35 Maximum value of Rp as a function of bus capacitance for meeting 
the tR rna •. requirement for a fast~mode t2C~bus 
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These wiring patterns also 
result in identical capacitive loads 
for the SDA and SCL lines. The 
Vss and VDD lines can be omitted 
if a PCB with a Vss andlor VDD 

layer is used. 
If the bus lines are twisted~ 

pairs, each bus line must be 
twisted with a Vss retum. 
Altematively, the SCL line can be 

twisted with a V 55 return, and the 
SDA line twisted with a VDD 

retum. In the latter case, 
capacitors must be used to 
decouple the V DO line to the V ss 
line at both ends of the twisted 
pairs. 

If the bus lines are shielded 
(shield connected to V 5Sl , 
interference will be minimized. The 
shielded cable must have low 
capacitive coupling between the 
SDA and SCL lines to minimize 
crosstalk. 

14.4 Maximum and minimum 
values of resistors Rp and R. 
The maximum and minimum 
values for resistors Rp and Rs 
connected to a fast~mode 12C-bus 
can be determined from Fig.23, 24 
and 26 in Section 9.1. Because a 
fast-mode 12C-bus has faster rise 
times (tAl the maximum value of 
Rp as a function of bus 
capacitance is less than that 
shown in Fig.25 The replacement 
graph for Fig.25 showing the 
maximum value of Rp as a 
function of bus capacitance (Cbl 
for a fast mode 12C-bus is given in 
Fig.35. 
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15.0 ELECTRICAL 
SPECIFICATIONS AND 
TIMING FOR 110 STAGES 
AND BUS LINES 
The 1/0 levels, 1/0 current, spike 
suppression, output slope control 
and pin capacitance for 12C-bus 
devices are given in Table 3. The 
12C-bus timing is given in Table 4. 
Figure 36 shows the timing 
definitions for the 12C-bus. 

The noise margin for levels on 

the bus lines for fast-mode 
devices are the same as those 
specified in Section 9.0 for 
standard-mode 12C-bus devices. 

The minimum HIGH and LOW 
periods of the SCL clock specified 
in Table 4 determine the 
maximum bit transfer rates of 
100 kbitls for standard·mode 
devices and 400 kbitls for fast 
mode devices. Standard-mode 
and fast-mode 12C-bus devices 

Table 3 Characteristics of the SDA and SCL I/O stages for 12C-bus devices 

standard-mode devices 

Parameter Symbol 
Min. Max. 

LOW level input voltage: V1L 

fixed input levels -0.5 1.5 

V DO-related input levels -0.5 0.3Voo 

HIGH level input voltage: V1H 

fixed input levels 3.0 .1) 

VoD-related input levels O·7VDO 
.1) 

Hysteresis of Schmitt trigger inputs: Vhys 

fixed input levels nla nla 

V DO-related input levels nla nla 

Pulse width of spikes which must be Isp nla nla 
suppressed by the input filter 

LOW level output voltage (open drain or 

open collector): 

at 3 mA sink current VOL1 0 0.4 

at 6 mA sink current V0L2 nla nla 

Output fall time from V1H mm. to V1L max. with 'oF 
a bus capacitance from 10 pF to 400 pF: 

with up to 3 rnA sink current at VOL1 - 2502) 

with up to 6 rnA sink current at V 0L2 nla nla 

Input current each I/O pin with an input Ii -10 10 

voltage between 0.4 V and 0.9V DO max. 

Capacitance for each I/O pin Ci - 10 

nla = not applicable 

1) maximum V1H = V DO max. + 0.5 V 

must be able to follow transfers at 
their own maximum bit rates, 
either by being able to transmit or 
receive at that speed or by 
applying the clock synchronization 
procedure described in Section 6 
which will force the master into a 
wait state and stretch the LOW 
period of the SCL signal. Of 
course, in the latter case the bit 
transfer rate is reduced. 

fast-mode devices 

Unil 
Min. Max. 

V 

-0.5 1.5 

-0.5 0.3Voo 

V 

3.0 .1) 

O·7VDO 
.1) 

V 

0.2 

0.05Voo 

0 50 ns 

V 

0 0.4 

0 0.6 

ns 

20 + 0.ICb2) 250 

20 + 0.ICb2) 2503) 

_103} 103) J1A 

10 pF 

2} Cb = capacitance of one bus line in pF. Note that the maximum ~ for the SDA and SCL bus lines 

quoted in Table 4 (300 ns) is longer than the specified maximum 'oF for the output stages (250 ns). 

This allows series protection resistors (Rs)to be connected between the SDAlSCL pins and the 

SDAlSCL bus lines as shown in Fig.34 without exceeding the maximum specified ~. 

3) I/O pins of fast-mode devices must not obstruct the SDA and SCL lines if V DO is switched off. 
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Table 4 Characteristics of the SDA and SCL bus lines for 12c-bus devices 

Standard-mode Fast-mode 

Parameter Symbol 12C-bus 12c-bus Untt 

Min. Max. Min. Max. 

SCL dock frequency fSCL 0 100 0 400 kHz 

Bus free time between a STOP and START condition !aUF 4.7 1.3 - liS 

Hold time (repeated) START condition. After this period, ~D:STA 4.0 - 0.6 - liS 

the first clock pulse is generated 

LOW period of the SCL clock ~ow 4.7 - 1.3 - liS 

HIGH period of the SCL dock ~IGH 4.0 - 0.6 - liS 

Set-up time for a repeated START condition lsU;STA 4.7 - 0.6 - liS 

Data hold time: ~D;DAT 
for CBUS compatible masters (see NOTE, Section 8.1.3) 5.0 - - - liS 

for I~bus devices 0') - 0') 0.9") liS 

Data set-up time tSU;DAT 250 - 1003) - ns 

Rise time of both SDA and SCL signals ~ - 1000 20+ 300 ns 

0.1Cb4) 

Fall time of both SDA and SCL signals ~ - 300 20+ 300 ns 

0.lCb4) 

Set-up time for STOP condition IsU:STO 4.0 0.6 - liS 

Capacitive load for each bus line Cb - 400 400 pF 

All values referred to V1H min. and V1L max. levels (see Table 3). 

') A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the V 1H min. of the SCL signal) in 

order 10 bridge the undefined region of the falling edge of SCL. 

2lThe maximum ~D;DAT has only to be met if the device does not stretch the LOW period ("-ow) of the SCL signal. 

3) A fast-mode 12C-bus device can be used in a standard-mode 12C-bus system, but the requirement tSU:DAT ~50 ns must then 

be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does 

stretch the LOW period of the SCL signal, it must output the next data billa the SDA line ~m ... + tSU:DAT = 1000 + 250 = 1250 ns 

(according to the standard-mode I~bus specification) before the SCL line is released. 

4) Cb = total capacitance of one bus line in pF. 

Rg.36 Definition of timing on the /2C-bus 

March 1993 154 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

12C peripheral selection guide 

GENERALPURPOSEICS 80C51-Based CMOS SAA9057B Clock signal generation 

Microcontrollers' 
circuit for digital video 
systems; for use with 

LCD Drivers 8XCL410 4k ROM/128 RAM, low SAA90xx 

PCF8566 96-segment LCD driver 
power SAA9065 Video enhancement and 

1:1 - 1:4 Mux rates 8XC528 32k ROMl512 RAM, T2, D/A processor 

PCF8568 
WD TDA4680 Video processor LCD row driver for dot 

matrix displays 8XC552 256-byte RAMl8k ROMI TDA8440 Video/audio switch 
ADC/UART/PWM 

PCF8569 LCD Column driver for dot 
matrix displays 8XC652 256-byte RAMl8k ROM, Video/Radio/Audio 

UART 
PCF8576 ISO-segment LCD driver 

8XC654 256-byte RAM/16kROM, 
SAA5243 Enhanced Computer 

1 :1 - 1:4 Mux rates Controlled Teletext (ECCT) 
UART decoder 

PCF8577C 64-segment LCD driver 
8XC751 64-byte RAM/2k ROM 

1:1 -1:2 Mux Rates SAA5244 Single-chip teletext decoder 

PCF8578179 Row/column LCD 
8XC752 64-byte RAMl2k ROM, SAA5245 Enhanced Computer 

dot-matrix driver/display 
ADC/PWM Controlled Teletext 

1 :8 - 1 :32 Mux rates (USECCT) decoder 

SAA1064 4-digit LED driver 8048 Instruction-Set Based CMOS SAA5246 Integrated video processor 

Microcontrollers 
(VIP) and teletext (IVT) 
circuit 

I/O Expanders PCF84COO 256-byte RAMibond-out SAA5247 up to 512-page teletext 

PCF8574/A 8-bit remote I/O port 
version for prototype decoder 

(12C-bus to parallel 
development 

SAA5248 Integ rated teletext decoder 
converter) PCF84C21 64-byte RAMl2k ROM and VPS slicer 

PCD8584 8-bit parallel to 12C 
PCF84C41 128-byte RAMl2k ROM SAA5260 32-page teletext decoder 

converter PCF84C81 256-byte RAMl8k ROM with OSD features 

SAA1300 5-bit high-current driver PCF84C85 256-byte RAMl8k ROMI SAA7158 Une frequency processor 

Extended I/O and DAC circuit 

PCF84C430 128-byte RAMl4k ROMI SAA7280 NICAM decoder 
Data Converters 96-segment LCD driver SAA7282 2nd. generation NICAM 
PCF8591 4-channel, 8-bit Mux ADC + decoder 

oneDAC SAA9041 Digital video teletext 

TDA8442 Quad 6-bit DAC MULTIMEDIA ICs (DVTB) processor 

TDA8444 Octal 6-bit DAC SAA9042 Digital video teletext 

Desktop Videos 
(DVTB) processor 

SAB3035136/37 Digital tuning circuits for 
Memory SAA7151B 8-bit digital multistandard computer -controlled TV 

PCF85701C 256-byte static RAM TV decoder SAB9070 Picture-in-picture processor 

PCF8571 128-byte static RAM SAA7152 Digital comb filter SAF1135 Dataline 16 decoder for 

PCF8581 128-byte EEPROM SAA7157 Clock signal generation VCR 

PC.8582 256-byte EEPROM 
circuit for digital video TDA1551Q 2 X 22W BTL audio power 
systems; for use with amp with diagnostic 

PCF8583 256-byte SAA71 xx TDA4670 Picture signal improvement 
RAMiciock/calendar SAA7165 Video enhancement and circuit 

PCF8594 512-byte EEPROM D/A processor including TDA4671 Picture signal improvement 

PCF8598 1 K-byte EEPROM 
digital CTI circuit 

SAA7186 Digital video scaler TDA4681 Video processor with 

ClOcks/calendars 
SAA7191 Digital multistandard TV automatic cut-off and white 

decoder, square pixel level control 

PCF8573 Clock/calendar SAA7191B SAA7191 variant TDA4685 Video processor 

PCF8583 Clock/calendar/ SAA7192A Digital colour space TDA4686 Video processor (100 Hz) 

256-byte RAM converter with independent TDA4687 Video processor 
LHT TDA8415/17 Stereo/dual sound 

68000-Based CMOS 
SAA7199B digital multi standard processor 

Microcontrollers 
encoder TDA8421 Audio processor with a 

SAA9051 Digital multistandard loudspeaker channel and a 
68070 68000 CPU/MMU/UART/ (PAUNTSC) colour headphone channel 

DMNtimer decoder TDA8425 Audio processor with a 
93CXXX USTII2C/34k ROM/ SAA9056 Digital SECAM colour loudspeaker channel only 

512 RAM decoder TDA8426 Hi-fi stereo audio processor 
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Video/Radio/Audio (Continued) TDA8425 Audio processor with a Telecom 
TDA8540 4x4 video switch matrix 

loudspeaker channel only 

TDA8433 Deflection processor 
NE5750151 Audio processor pair 

TDA9140 Alignment-free 
multistandard decoder TDA8442 Interface for color decoders NE5752 3 V 5750 variant (samples 

TEA6320 4 input Tone/Volume TDA8443JA YUV/RGB matrix switch 
0492) 

controller w~h fader control NE5753 3 V 5751 variant (samples 
TEA6330 Tone/volume controller 

TDA8461 PAUNTSC color decoder 0492) 
and RGB processor 

TSA6060 AIM Frequency Synthesizer 
TDA8466 PAUNTSC color decoder PCD3311/12 Tone generator 

forROS. 
and RGB processor (DTMF/modem/musical) 

SAA9041 Digital video teletext 
(DVTB) processor TDA9150 Deflection processor PCD3341 Advanced 10 to 

SAB3035J36137 Digital tuning circuits for TEA61 00 FMlIF and digital tuning IC 
11 O-number repertory dialer 

computer-rontrolled TV for computer-rontrolled 
w~ LCD control 

SAF1135 Dataline 16 decoder for radio PCD3343 Microcontroller with 

VCR TEA6300 Sound fader control and 224-byte RAMI3k ROM 

TDA1551Q 2 x 22W Audio Power Amp preamplifier/source selector PCD3348 Microcontroller with 
TDA4670 Picture signal improvement 

for car radio 256-byte RAMI8k ROM 
circuit TEA6310T Sound fader control with 

UMA1000T Data processor for mobile 
TDA6360 5 Band Equalizer tone and volume control for 

telephones 
TDA8415J17 Stereo/dual sound 

car radio 

processor TSA5511112114 PLL frequency synthesizer UMA1014T 1 GHz frequency 
for TV synthesizer for mobile 

TDA8421 Audio processor with telephones 
a loudspeaker channel and TSA6057 PLL frequency synthesizer 
a headphone channel for radio UMF1009 Frequency synthesizer 

. Also available with extended temperature ranges . 

FOR FURTHER INFORMATION ON THESE DEVICES, REFER TO I2(;..PERIPHERALS FOR IIICROCONTROLLERS DATA HANDBOOK, 
AVAILABLE FROM YOUR LOCAL PHIUPS SEMICONDUCTORS SALES OFFICE (SEE SECTION 9 OF THIS BOOK). 
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DESCRIPTION 
The 82B715 is a bipolar integrated circuit 
intended for application in 12C bus systems. 

While relaining all the operating modes and 
features of the 12C system it permits 
extension of the practical separation dislance 
between components on the 12C bus by 
buffering both the dala (SDA) and the clock 
(SCL) lines. 

The 12C bus capacilance limit of 400pF 
restricts practical communication dislances to 
a few meters. Using one 82B715 at each end 
of longer cables reduces the cable loading 
capacilance on the 12C bus by a factor of 10 
times and may allow the use of low cost 
general purpose wiring to extend bus lengths. 

FEATURES 
• Dual, bi-directional, unity vollage gain 

buffer 

• 12C bus compatible 

• Logic signal levels may include both supply 
and ground 

• X10 impedance transformation 

• Wide supply vollage range 

QUICK REFERENCE DATA 

SYMBOL PARAMETER 

Vcc Supply vollage 

Icc Quiescent current 

llina Output sink capability 

Vin Input vollage range 

Vout Output voltage range 

lirflout Impedance transformation 

Tant> Temperature range 

ORDERING INFORMATION 

DESCRIPTION 

8-Pin Plastic Dual In-Line (NIP) Package 

PIN CONFIGURATIONS 

N.c·o. Vee Lx 2 7 Ly 

sx3 ISy 

GND 4 5 N.c. 
8-Pin DUBlin-Line or SO 

82B715 

PINNING 
N.C. 

2 Lx Buffered Bus, LOA or LCL 
3 Sx 12C Bus, SDA or SCL 
4 GND Negative Supply 
5 N.C. 
6 $y 12C Bus, SCL or SDA 
7 Ly Buffered Bus, LCL or LOA 
8 Vcc Positive Supply 

LIMITS 

MIN. TYP. MAX. UNIT 

4.5 12 V 

16 mA 

30 mA 

0 Vce V 

0 Vee V 

8 10 13 

-40 +85 DC 

ORDER CODE 

P82B715P N 

8-Pin Plastic SOL (Small Outline Large) Dual In-Line (DIT) Package P82B715TD 

82B715 is available in chip form 
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FUNCTIONAL DESCRIPTION 
The 82B715 bipolar integrated circuit 
contains two identical buffer circuits which 
enable 12C and similar bus systems to be 
extended over long distances without 
degradation of system perlormance or 
requiring the use of special cables. 

The buffer has an effective current gain of ten 
from 12C bus to Buffered bus. Whatever 
current is flowing out of the 12C bus side, ten 
times that current will be flowing into the 
Buffered bus side (see Figure 2). 

As a consequence of this amplification the 
system is able to drive capacitive loads up to 
ten times the standard limit on the Buffered 
bus side. This current based buffering 

82B715 

SDA 

SCL 

approach preserves the bi~directional, 
open~collector/open~drain characteristic of the 
12C SDAlSCL lines. 

To minimize interference and ensure stability, 
current rise and fall rates are internally 
controlled. 

APPLICATION NOTES 
By using two (or more) 82B7151Cs, a 
sub~system can be built which retains the 
interlace characteristics of an 12C device so 
that it may be included in, or optionally added 
to, any 12C or related system. 

The sub-system features a low impedance or 
"Buffered" bus, capable of driving large wiring 
capacities (see Figure 3). 

I vcc 

I BUFFER I 
I I 

I BUFFER I 
I I 

I GND 

Figure 1. Block Diagram: 82B715 

Vcc 0-----------------------------------,1 

IB 
12C BUS o------------~o___l 
Sx 

CURRENT 
SENSE 

I 
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12CSystems 
As with the standard 12C system, pull-up 
resistors are required to aprovide the logic 
HIGH levels on the Buffered bus. (Standard 
open-collector configuration of the 12C bus). 
The size and number of these pull-up 
resistors depends on the system. 

If the buffer is to be permanently connected 
into the system, the circuit should be 
configured with only one pull-up resistor on 
the Buffered bus and none on the 12C bus. 

Alternatively a buffer may be connected to an 
existing 12C system. In this case the Buffered 
bus pull-up will act in parallel with the 12C bus 
pull-up. 

LOA 

LCL 

10 (IB) 
BUFFERED BUS 

LX 

I GND o------------------------------------------------------~ 

Figure 2. Equivalent Circuit: One Half 82B715 
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RATINGS 

, 82B715 fV' '82B715 I i r----' cc i ~ :-~-: ! SDA :----, 

SDA 'i'--rl---i8>>---,Ir--'"---<;~~- ¢=;> 112 I 
I I I fVCC ' LONG I I I I I 120 I 
I I I I CABLE I I II I DEVICE I 

SCL J, I, ~ 'I ~ ~ LCLL_J_~bcL I I 
Il/"I~I I 1... ____ ..1 I I L ____ J I L ____ J 

I I I I 
STANDARD 

12c 
INTERFACE 

BUFFERED 
INTERFACE 

BUFFERED 
INTERFACE 

Figure 3. Minimum Sub-System with 82B715 

STANDARD 

120 
INTERFACE 

Limiting values in accordance with the Absolute Maximum System (IEC 134). 
Voltages with respect to pin GNO (Oll·8 pin 4). 

LIMITS 

SYMBOL PARAMETER MIN. MAX. 

Vee to GNO Supply voltage range Vee -0.3 +12 

Vbus Voltage range 12C Bus, SCl or SOA 0 Vec 

Vbuff Voltage range Buffered Bus 0 Vee 

I DC current (any pin) 60 

Ptot Power dissipation 300 

Tstg Storage temperature range -55 +125 

Tamb Operating ambient temperature range -40 +85 

CHARACTERISTICS 
At T ami> ~ +25°C and Vee ~ 5 Volts, unless otherwise specified. 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. 

Power Supply 

Vec Supply voltage (operating) 4.5 - 12 

Icc Supply current - 16 -

Icc Supply current at V cc ~ 12V - 22 -

Icc Supply current, both 12C inputs lOW, - 28 -
both buffered outputs sinking 30mA. 

Drive Currents 

Isx,lsy Output sink on 12C bus 3 - -
VSx, VSy lOW ~ 0.4V 
VLx, VLy lOW on Buffered bus ~ 0.3V 

ILx, ILy Output sink on Buffered bus 30 - -
VLx, VLy lOW ~ 0.4V 
VSx, VSy lOW on 12C bus ~ 0.3V 

Input Currents 

Isx,lsy Input current from 12C bus when - - 3 
ILx, ILy sink on Buffered bus ~ 30mA 

ILx,ILy Input current from Buffered bus when 
Isx, Isy sink on 12C bus ~ 3mA 

- - 3 

ILx,ILy leakage current on Buffered bus - - 200 
VLx, VLy ~ Vee, and Vsx, VSy ~ Vee 

Impedance Transformation 

Z;nlZout InpuVOutput impedance 8 10 13 
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UNIT 

V 

V 

V 

rnA 

mW 

°C 

°C 

UNIT 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

~ 
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Pull-Up Resistance Calculation 
In calculating the pull-up resistance values, 
the gain of the buffer introduces scaling 
factors which must be applied to the system 
components. Viewing the system from the 
Buffered bus, all12C bus capacitances have 
effectively 10 times their 12C bus value. 

In practical systems the pull-up resistance is 
determined by the rise time limit for 12C 
systems. As an approximation this limit will 
be satisfied if the time constant (product of 
the net resistance and net capacitance) of the 
total system is set to 1 microsecond. 

The total time constant may either be set by 
conSidering each bus node individually (i.e., 
the 12C nodes, and the Buffered bus node) 
and choosing pull-up resistors to give time 
constants of 1 microsecond for each node; or 
by combining the capacitances into an 
equivalent capacitive loading on the Buffered 
bus, and calculating the Buffered bus pull-up 
resistor required by this equivalent 
capacitance. 

For each separate bus the pull-up resistor 
may be calculated as follows: 

R _ l)lsec 

Cdevice + Cwiring 

Where: Cdellica = sum of device capacitances 
connected to each bus, 
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and Cwiring = total wiring and stray 
capacitance on each bus. 

If these capacitances are not known then a 
good approximation is to assume that each 
device presents 10pF of load capacitance 
and 10pF of wiring capacitance. 

The capacitance figures for one or more 
individual12C bus nodes should be multiplied 
by a factor of 10 times, and then added to the 
Buffered bus capacitance. Calculation of a 
new Buffered bus pull-up resistor will alilow 
this single pull-up resistor to act for both the 
included 12C bus nodes and the Buffered bus. 
Thus it is possible to combine some or all of 
these separate pull-up resistors into a single 
resistor on the Buffered bus (the value of 
which is calculated from the sum of the 
scaled capacitances on the Buffered bus). If 
the buffer is to be permanently connected into 
the system then all the separate pull-up 
resistors should be combined. But if it is to be 
connected by adding it onto an existing 
system, then only those on the additional12C 
bus system can be combined onto the 
Buffered bus if the original system is required 
to be able to still operate on a stand-alone 
basis. 

A further restriction is that the maximum 
pull-up current, with the bus LOW, should not 
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exceed the 12C bus specification maximum of 
3mA, or 30mA on the Buffered bus. The 
following formula applies: 

30mA > Vcc - OA 
Rp 

Where: Rp = scaled parallel combination of 
all pull-up resistors. 

If this condition is met, the fall time 
specifications will also be met. 

Figure 4 shows typical loading calculations 
for the expanded 12C bus. 

Sx, Sy, 12C Bus, SOA or SCl 
Because the two buffer circuits in the 82B715 
are identical either input pin can be used as 
the 12C Bus SDA data line, or the SCL clock 
line. 

lx, ly, Buffered Bus, lOA or lCl 
On the buffered low impedance line side, the 
corresponding output becomes LDA and LCL 

Vcc, GNO - Positive and 
Negative Supply Pins 
In normal use the power supply voltages at 
each end of the low impedance line should be 
comparable. If these differ by a significant 
amount, noise margin is sacrificed. 
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EXISTING PROPOSED BUS EXPANSION 
Vee ----~r--+----...... -----~----- 5V 

GND-------+-----~~--------- OV 

EFFECTIVE CAPACITANCE 
NEAR 12C DEVICES 

2 x 12C Devices 20pF 
Strays 20pF 

82B715 Buffer 10pF 

TOTAL CAP. 50pF 

12C pull-up 

Rl = lpsec = 20KQ 
50pF 

AS AN ADDITION TO AN EXISTING SYSTEM' : 

Rl = 20Kn 

FOR A PERMANENT SYSTEM' : 

Rl not required since 
buffer always connected 

• NOTE: 

EFFECTIVE CAPACITANCE 
BUFFERED UNE 

Wiring Cap. 3000pF 

TOTAL CAP. 3000pF 

Buffered Bus pull-up 

R2 = lp sec = 333Q 
3000pF 

R2' = R2 x O.IR3 300Q 
R2+ O.IR3 

R2'= O.IRl x R2 x O.IR3 2SOQ 
O.IRl +R2+0.1R3 

EFFECTIVE CAPACITANCE 
REMOTE I'C DEVICES 

1 x 12C Devices 10pF 
Strays 10pF 

82B715 Buffer 10pF 

TOTAL CAP. 30pF 

12C pull-up 

R3 = 1,. sec = 33KQ 
30pF 

R3 not required since 
buffer always connected 

R3 not required since 
buffer always connected 

Rl, R2 and R3 are calculated from the capacitive loading and a Illsec time constant on each bus node. For an addition to an existing 
system, R2' (the new value for R2) is shown as being calculated from the parallel combination of R2 and the scaled value of R3; while 
for a permanent system R2, and scaled values of Rl and R3 have been used. Note that this example has used scaled resistor values 
and combined the node and cable capacitances. 

CHECK FOR MAXIMUM PULL-UP CURRENT: 
(5-0.4)V = 17.6mA < 30mA 

260Q 

Figure 4. Typical Loading Calculation: 12C Bus with 82B715 
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INTRODUCTION 
ACCESS.busT" (a BUS for connecting 
ACCESSory devices to a host system) is a 
peripheral interconnect system defined and 
developed by Digital Equipment Corporation 
and offered to the computer industry as an 
open standard. 

This overview aims to introduce the 
prospective developer of ACCESS. bus 
systems or peripherals to the essential 
technical features of this interconnect. It is 
meant to be a general technical overview of 
the ACCESS.bus architecture. Under no 
circumstances should it be used as the basis 
for designing any device or system. 
Developers wishing to design a host system 
or peripheral device that implements 
ACCESS.bus should refer to the 
ACCESS. bus Hardware and Protocol 
Specifications Version 2.0, July 1992, 
available from the ACCESS. bus Industry 
Group, Digital's TRI/ADD Program, or Philips. 
Addresses and other information on su pport 
may be found in Section 6. 

What is ACCESS.bus? 
ACCESS.bus is a system for connecting a 
number 01 relatively low-speed I/O devices to 
a host computer, typically a desktop system, 
such as a workstation, personal computer, or 
terminal. Devices include both interactive 
peripherals - keyboards, locators, hand-held 

scanners, bar code readers, and magnetic 
card readers - and non-interactive 
peripherals - printers, and in realtime control 
applications, signal transducers. Further, the 
ACCESS. bus protocol is general enough to 
accommodate a wide range of unusual 
peripheral types such as data gloves (see 
Figure 1). 

ACCESS. bus has a bus topology 
architecture. That is, a single ACCESS. bus 
on a host can accommodate up to 125 
peripheral devices. The total length of the 
cable connecting the devices on a common 
ACCESS. bus may be up to eight meters. 
The limiting factors are capacitance, which 
may not exceed 800pF, and the maximum 
voltage drop, which must allow maintenance 
of +5V ±10%. Using an 12C bus extender that 
maximum distance may be lengthened. 
ACCESS. bus supports a maximum 
aggregate data throughput of approximately 
80 Kbits/sec. 

Ditital has made the ACCESS.bus technology 
an open specification, enabling any vendor to 
implement it on host systems or in peripheral 
devicers without fee or royalty. 

ACCESS. BUS offers a number of 
advantages both to end users and to the 
developers of systems and peripheral 
devices. A host computer needs only one 
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hardware port to connect to a number of 
devices. The commonality in communication 
methods for a number of device types leads 
to economies in software and hardware 
development. As an open industry standard, 
ACCESS.bus will stimulate development of 
diverse peripheral devices, each usable with 
a number of different types of host systems. 

ACCESS. bus incorporates more 
sophisticated technology and offers higher 
performance than any other bus-topology 
interconnect for desktop peripherals. 
Moreover, it is the first system of this kind to 
be offered as an open nonproprietary 
standard. 

ACCESS.bus Hardware 
At the hardware level, ACCESS.bus is based 
on the well-established Inter-Integrated 
Circuit (i2C) serial bus developed and 
patented by Philips. The serial bus 
architecture, in which a single data line 
carries one bit of information at a time, entails 
lower costs for cabling, connectors and 
controller circuitry than parallel bus 
architectures. 

Standard low-cost 12C components, available 
from Philips, handle the logical complications 
of the bit-level handshaking. More details on 
these components are given in section 5. 

Figure 1. ACCESS.bus connects keyboards, locators, and text·type devices to a system. 

ACCESS.bus is a trademark of ACCESS.bus Industrv Group 
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Figure 2. A shielded connector with four pins for connecting the ACCESS.bus cable to a system 

4 3 2 1 

l·GND 
2·SDA 
3-+5Y 
4·SCI. 

Figure 3. Female Connector Pin Identification (Not To Scale) 

The physical medium for ACCESS.bus is a 
shielded cable containing four wires: serial 
data (SDA), serial clock (SCL), power (+SV), 
and ground (GND). It uses standard low-cost 
shielded modular connectors available from 
AMP and Molex (Figure 2 and 3). Shielding of 
the cables and connectors facilitates making 
ACCESS.bus-based systems conform to 
FCC radiation and ESD requirements. A 
typical ACCESS. bus device will have two 
connectors so that devices may be chained 
on the single bus; hand-held devices may 
have a captive cable joined to the bus trunk 
with a "T" connector. 

The serial data (SDA) and serial clock (SCL) 
lines work together to define the information 
carried on the bus. That aspect of the 
technology is described in Section 2.3. The 
host computer drives the +SV power line with 
a minimum of SOmA to supply the peripheral 
devices. Devices may be supplied with power 
from an external source. 

The 12C technology can support clock rates 
up to 100kHz. The maximum ACCESS.bus 
data transfer rate of approximately 
80 Kbits/sec is derived from the top clock rate 
by subtracting the overhead imposed by the 
ACCESS.bus communication protocols for 
handshaking, addressing, and error control. 

March 1993 

ACCESS.bus Protocols 
The ACCESS. bus communication protocol is 
composed of three levels: 12C Protocol, Base 
Protocol, and Application Protocol. 

At the lewest level, nearest the hardware, the 
basic discipline of the ACCESS. bus is 
defined as a subset of the Philips 
Inter-Integrated Circuit (12C) bus protocol. 
The simple and efficientl2C Protocol defines 
a symmetric multi-master bus on which 
arbitration among contending masters is 
effected without losing data. 12C provides for 
cooperative synchronization of the serial 
clock for exchange of data between bus 
partners with different maximum clock rates. 
The 12C Protocol defines a bus transaction 
scheme with addressing, framing of bits into 
bytes, and byte-acknowledgement by the 
receiver. More detail on the 12C Protocol level 
is given in Section 2. 

The next ACCESS.bus protocol level is the 
Base Protocol. This level, common to all 
types of ACCESS.bus devices, establishes 
the nature of ACCESS. bus as an 
asymmetrical interconnect between a host 
computer and a number of peripheral 
devices. The host plays a special role as a 
manager of the ACCESS.bus. Data 
Communication is always between host and 
peripheral device and never between two 
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peripherals. While the 12C Protocol provides 
for mastership by either the sender or the 
receiver of a bus transaction, in the 
ACCESS. bus protocol masters are 
exclusively senders and slaves are 
exclusively receivers. Of course, the host and 
all the devices are both master/senders and 
slave/receivers at different times. 

The ACCESS.bus Base Protocol defines the 
format of an ACCESS. bus message 
envelope, which is an 12C bus transaction 
with additional semantics, including 
checksum reliability control. Further, the Base 
Protocol defines a set of seven control and 
status message types which are used in the 
configuration process. 

The eight required interiace massages that 
ACCESS.bus protocol defines are listed 
below. Parameters defined within the body of 
the message are listed in parenthesis. 

Computer-to-device Messages: 

ResetO 
Identification RequestO 
Assign Address(ID stmg, new addr) 
Capabilities Request( offset) 

Device-to-computer Messages: 

Attention(status) 
Identification Reply(ID string) 
Capabilities Reply(offset, data frag) 
Interiace ErrorO 
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Two of the unique features of this 
configuration process are auto-addressing 
and hot plugging. Auto-addressing refers to 
the way that devices are assigned unique bus 
addresses in the configuration process, 
without the need for setting jumpers or 
switches on the devices. Hot plugging refers 
to the ability for attaching or detaching 
devices while the system is running, without 
the need for rebooting the host. The means 
by which the ACCESS. bus protocol provides 
these feature is discussed in Section 2. 

The highest level of the ACCESS. bus 
protocol, the Application Protocol, defines 
message semantics that are specific to 
particular functional types of devices 
Different device types require different 
Application Protocols. Application Protocols 
have been defined so far for three device 
classes: keyboards, locators, and text 
devices. Each of these predefined classes is 
designed to be broad. The keyboard device 
protocol defines standard messages for 
reporting keystrokes and controlling keyboard 
peripherals. The protocol attempts to define 
the simplest set of functions from which 
common industry standard keyboard 
interfaces can be built. The locator device 
protocol defines a set or standard messages 
for reporting locator movement and key 
switch activation for mice, tablets, and other 
positioning devices. The protocol is designed 
to accommodate a range of basic locator 
devices such as a mouse or tablel. More 
complex devices can be modeled as a 
combination of basic devices or can provide 
their own device driver. The text device 

Application protocols 

Software protocols 

Hardware protocols 
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protocol is intended to provide a simple way 
to transmit character or binary data to and 
from stream oriented devices such as a bar 
code reader, or modem. The sequential 
character stream model also serves as a 
common denominator for connecting RS-232 
interface devices. 

A major advantage in designing devices that 
conform to these general device-type 
semantics is that they may share 
device-specific software, both in the 
device-resident firmware and in the driver 
software needed in the host operating system 
to allow application programs to access the 
devices. 

It is anticipated that further device-specific 
Application Protocols will be defined in the 
future, under the aegis of the ACCESS. bus 
Industry Group. Further, any device vendor 
may implement a special device protocol 
within the general message envelope defined 
by the Base Protocol. 

Participation in all three of the protocol levels 
requires intelligence at the device level. The 
lower levels of this firmware are likely to be 
common to many devices. Higher levels of 
the firmware are expected to be more specific 
to the device and the application (Figure 4). 

HOW ACCESS. bus WORKS 

Electrical 
The host and devices are connected to both 
the serial data (SDA) and serial clock (SCl) 

Figure 4. ACCESS.bus protocol hierarchy 
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lines in an "wired-AND" logic configuration. 
The wired-AND may be implemented by 
connecting the data and clock output stages 
of each bus partner to the SDA and SCl lines 
respectively through open-collector or 
open-drain transistors. The standard 12C 
components indude such output stages 
on-chip. The significance of the wired-AND 
logic is that any attached bus partner may 
force either of these lines to low (the ground 
level). When there is no output from any bus 
partner, the lines are held high by pull-up 
current sources in the host. Every bus partner 
can sense the level on both of these lines 
(Figure 5). 

Bus Transactions 
During a bus transaction, there is one clock 
pulse on Sel for each bit transferred on 
SDA. The SDA information is valid when SCl 
is high. During a transaction, the SDA must 
be stable between the rising and falling edges 
of the SCl pulse; SDA may change state 
only when SCl is low (Figure 6). 

SDA transitions when the SCl is high are 
signals that delimit the bus transaction. When 
the ACCESS.bus is free, both SCl and SDA 
are high. A high-to-low SDA transition when 
SCl is high is a start condition; it signals the 
beginning of a bus transaction. A bus partner 
asserts mastership by pulling SDA low when 
the bus is free. A low-to-high SDA transition 
when SCl is high is a stop condition; it 
signals the end of a bus transaction. A 
master generates a stop condition when it 
relinquishes mastership (Figure 7). 
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Adiv. 
PullMups 
In Host 

(Serial Data Una) 
SDA--~------~~----------------~---------+----~------------------------~r----

(Serial Clock Una) 
SCL--~------~~---------------+--------~----------~~--------------~-----
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SCLK 
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Figure 5. Connection of Devices to the 12C Bus 
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Figure 6. Bit Transfer on the 12C Bus 
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Figure 7. Start and Stop Conditions 
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Synchronization 
When a bus partner wishes to assert 
mastership of a free bus, it generales a start 
condition by pulling the SOA low. When SOA 
is low the new masler begins the clock cycle, 
pulling the SCl low. All bus partners must be 
able to sense these events, and they respond 
by pulling all their SCL oU1puts low and 
beginning to count off their low periods. When 
each bus partner has reached the end of its 
low period, it lets its SCL output go high. 
Thus the SCL line will remain low for the 
duration of the longest low clock period 
among the bus partners. 

When all the bus maslers have reached the 
end of their low periods and let their SCL 
outputs go high, then the SCL goes high. All 
bus partners must be able to sense this 
event, and they begin counting their high 
period. The first bus master to reach the end 
of its high period pulls the SCL low again. In 
this way, all the bus partners simultaneously 
communicating on the bus are synchronized 
by a clock pulse whose low is as long as the 
longest of the low periods and whose high is 
as long as the shortest of the high periods. 
This synchronization persists until the master 
relinquishes the bus by generating a stop 
condition. The cooperative synchronization is 
a mechanism by which devices with slower 
clocks can regulate the operating rate of the 
bus. However, this mechanism, called 'dock 
stretching", is not the normal means of data 
stream flow control. The ACCESS.bus 
protocol provides another mechanism for this 
purpose. (See Section 3.3.) 

Byte Framing and 
Acknowledgement 
Ouring this synchronized exchange the 
master/transmitter puts data on the SOA, one 
bit for each clock pulse. Eight successive bits 
comprise a byte, the most significant bit going 
first. The ACCESS bus is a Big Endian 
System. 

As the new master puts the first byte on the 
bus, all the other bus partners participate in 
the synchronization. The first byte of the 
transaction contains the address of the 
intended slave/receiver of the transaction. 
Each non-master can check the address bits 
as they appear and cease participating in the 
synchronization as soon as the address bit 
on SOA fails to match the corresponding bit 
of its own address. The address check may 
also be done at the end of the address 
transmission. 

At the end of the first byte, the 
masler/transmitter lets its data output go high 
for the next clock pulse and the 
slave/receiver whose address matches the 
transmitted address, is obliged to 
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acknowledge receipt of the byte by pulling the 
SOA low for this pulse. This 1-bit Ack 
continues after each byte of the bus 
transaction; the master lets its SOA output go 
high and the receiver must pull the SCL low. 
Failure of the receiver to acknowledge a byle 
is an exception condition, which requires the 
master to terminate the transaction. 

Addressing 
The slave/receiver of the bus transaction is 
determined by the address contained in the 
first byte. 12(; uses the seven high-order bits 
of the first byte for addressing, and bit 0 to 
indicate whether the master is transmitting or 
receiving data. In ACCESS. bus, the master is 
always the transmitter, so bit 0 of the first 
byte of a transaction is always o. Of the 128 
7-bit addresses ACCESS.bus uses 15 
addresses for general microcontrollers. 

The host computer address is always 50h. In 
the configuration process to be described 
below, each peripheral device is assigned a 
unique address from the set of even 
numbers. 6Eh is used as a default address 
for devices before they have been assigned a 
unique address. A total of 125 addresses are 
available for devices on the bus. 

Arbitration 
What happens when two devices 
simultaneously assert maslership? While 
putting data on the SOA, each transmitting 
maSler is, of course, independently sensing 
the state of SOA. Whenever a contending 
master detects that the state of the SOA is 
different from the data value it is putting out 
during a dock high, the contending master 
backs off, and waits for the stop condition 
before trying again, Thus, two contending 
masters will both put data on the bus as long 
as they are putting out the same data. The 
first bit where they differ will cause the 
contender that put out a 1 to back off. 

Thus, under normal expected operation 
contending masters trying to send to different 
bus addresses will resolve the contention by 
the end of the first byle of the bus 
transaction. In the ACCESS.bus Base 
Protocol, the second byte of a transaction is 
the address of the transmitting master. Thus, 
as long as bus addresses are unique, the 
mastership of the bus will be resolved by the 
end of the second byte of the transaction. 
However, if two devices have the same 
address and are trying to send identical 
messages to a common address, then they 
will both send the entire message in unison. 
this situation can happen only during the 
configuration process before devices have all 
been assigned unique addresses; it is 
discussed further in Section 2.9 below. 
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Nole that this arbitration mechanism never 
causes lost data or wasted transmissions, 
since the addresses of the receiver and 
transmitter are necessary overhead, in any 
case, for any sensible bus protocol. Nole that 
bus priorities during arbitration are fixed by 
the device addresses, first by the address of 
the receiver, and then, for messages 
addressed to a common receiver, by the 
address of the transmitter. Lower addresses 
have priority over higher addresses. Lockouts 
of devices with high addresses are prevented 
by a rule of the Base Protocol that requires 
partners to wait a minimum time after 
relinquishing mastership before asserting it 
again. 

Message Format 
An ACCESS. bus message comprises one 
12C bus transaction. It consists of a siring of 
bytes sent by a master/transmitter, each byte 
acknowledged by a one bit SCL-Iow Ack from 
the slave/receiver. The entire transaction is 
delimited by start and stop conditions 
generaled by the master. 

The first byte in the message is the receiver's 
unique address, as described above in 
Section 2.5. The second byte contains the 
transmitter's unique address. 

The third byte of an ACCESS.bus message 
comprises two fields. Bits 2-7 provide a byte 
count for the body of the message. Thus, a 
message body can have 0 to 127 bytes. The 
message body is followed by a checksum 
byte, for error control. The checksum is the 
bitwise XOR of all the preceding bytes of the 
message. 

The high order bit of the third byte is a 
Protocol Flag (P) to distinguish between data 
stream messages (P=O) and controVstatus 
messages (p= 1). The data stream messages 
carry the application information being 
exchanged between the device and the host. 
The controllstatus messages are used to 
manage the ACCESS. bus protocol 
(Figure 8). 

Control/Status Messages 
The ACCESS.bus Base Protocol defines a 
number of control/status messages that 
pertain to the Interface Parts of devices. 
These controllstatus messages are used for 
the configuration process, in which devices 
are assigned unique bus addresses and 
connected with the appropriate drivers in the 
host. The configuration process is described 
in Section 2.9 to 2.11. In a controllstatus 
message, the message type is indicated by 
an operation code contained in the first byle 
of the message body. The various Interface 
Part control/status messages are shown in 
Table 1. 
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BYTE 

2 

3 

4 

LENGTH +4 

Table 1. Interface Part Control/Status 
Messages 

Computer-to-Device Messages Purpose 

ResetO Force device to power-up 
state and default 12C 
address. 

Identification RequestO 
Ask device for its 
"identification string:' 

Assign Address(ID stmg, newaddr) 
Ask device for its 
"identification string" to 
change its address to "new 
address." 

Capabilities Request(offset) 
Ask device to send the 
fragment of its capabilities 
information that starts at 
"offset." 

Attention(status) Inform computer that a 
device has finished its 
power-up/reset test and 
needs to be configured; 
"status" shall be the test 
result. 

Identification Reply(ID string) 
Reply to Identification 
Request with device's 
unique "identification string." 

Capabilities Reply(offset, data frag) 
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Reply to Capabilities 
Request with "data 
fragment," a fragment of the 
device's capabilities string; 

MSB 
BIT NUMBER 

LSB 

7 I 6\ 5 J 4 l3 1 2 I 1 0 

destaddr 0 

srcaddr 0 

P I length 

body 

. . 
checksum 

Figure 8. ACCESS.bus Big Endian bit ordering 

Interface ErrorO 

the computer uses "offset" to 
reassemble fragments. 

Invalid checksum or 
premature end of message 
detected. 

In addilion, the Application Protocols define 
further control/status messages that are 
specific to particular device types. Some of 
these are discussed in Section 3 on the 
predefined device types. 

AppHardSiga Provision for a subdevice to 
generate an interrupt of the 
host system 

App Test A message from the host to 
a peripheral device 
commanding it to test the 
Application Part subdevice 

App TestReply A message by which a 
device replies to an App Test 
command. 

Configuration 
The ACCESS.bus features auto-addressing 
and hot-plugging. These features are 
supported by the ACCESS.bus configuration 
process, which uses the seven types of 
control/status messages. Configuration 
consists of assigning unique bus addresses 
to the attached devices and connecting them 
with the appropriate drivers to provide 
host-resident application programs with 
access to the devices. 

Configuration occurs when the device is 
powered-up or when it receives a Reset 
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Destination address 

Source address 

Protocol flag. 
Numbarof data byfe$ (~127 bytas) 

1 to 32 data bytes 

message. When the system is powered up, 
so are devices attached to the ACCESS.bus. 
Otherwise, devices are powered-up when 
they are hot-plugged into the bus. A device 
may have a power source other than the +5V 
power line of the ACCESS.bus, but is must 
also be able to sense this line voltage and 
enter the power-up state when attached to 
the ACCESS.bus power source. When the 
system completes its boot up, the host sends 
a Reset message to all legal device 
addresses to put all devices in the power-up 
state. 

Usually, when a device is powered up, it 
performs its specific self-testing. At the 
conclusion of self-test the device must 
assume the default address 6Eh and send an 
Attention message to announce its presence 
to the host. This message contains a single 
status byle to inform the host of the results of 
the power-up self-testing; zero indicates 
normal results and non-zero values indicate 
exception conditions that are specific to the 
device type. 

On receiving an Attention message, the host 
sends an IDRequest message to the default 
address. Each device at this address replies 
with an IDReply message containing a unique 
28-byte I D string described in the next 
section. The host is then able to assign 
unique ACCESS.bus addresses to each of 
the devices at the default address, by 
sending AssignAddress messages to the 
default address. Each AssignAddress 
message contains in its body the assigned 
address and the unique ID string of the 
corresponding device. 
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Device Identifiers 
During configuration, before address 
assignment, each device can be identified by 
a 28-byte unique ID string, which may be 
partly or entirely encoded in the device ROM. 
The first 24 bytes of the ID string are 
understood as ASCII-encoded information 
characterizing the device type: 

• protocol revision 1 byte ("A") 

• module revision 

• vendor name 

• module name 
") 

• device number 

7 bytes (eg., '·Vl.0 ") 

8 bytes (e.g., '·DEC ") 

8 bytes (e.g., "LK501 

32-bit signed integer 

The first 24 bytes characterize the device's 
firmware and are encoded in the device 
ROM. 

The remaining 4 bytes of the device ID string 
are understood as a 32-bit two's complement 
integer that uniquely identifies the device 
among devices of the same type. This integer 
may be provided as a unique serial number 
contained in the device ROM. Or, in the 
absence of such a serial number, interactive 
devices may use a random or arbitrarily 
determined number for this part of the ID 
string. As an aid to the host software, the 
Base Protocol specifies that, in the IDReply 
message, unique serial numbers be sent as 
positive integers and randomly generated 
numbers be sent as negative integers, in the 
two's complement sense. 

In the random number case, it is possible that 
different devices of the same type may come 
up with the same 32-bit discriminator. In this 
case, the different devices will be assigned 
the same bus address, an undesirable 
situation. The ACCESS.bus specification 
suggests a guideline to help avoid identical 
random identifiers: use the number of cycles 
of the device's own clock between power up 
and the time the IDRequest message is 
received. The natural dispersion of the 
frequencies of these oscillators is likely to 
provide unique numbers. 

The Base Protocol includes a provision to 
ensure against the unlikely circumstance that 
different interactive devices of the same type 
and without unique serial numbers will 
generate the same random number. Namely, 
each such device must send a Reset 
message to its own assigned address. This 
self-addressed Reset is sent only once 
between power-ups or external Resets, just 
before the device sends the first message 
instigated by a user action. Of course, the 
transmitting device will ignore the 
self-addressed Reset, but other devices 
possibly at the same address will be reset 
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and will go through configuration again. The 
Base Protocol specifies that a device using a 
random number in its ID string shall change 
that random number after receiving a Reset 
message. In this way, all interactive devices 
are guaranteed assignment of unique 
addresses before sending their first 
data-carrying messages. 

If several non-interactive devices of the same 
type are to be attached to a single 
ACCESS. bus, then they must have hardwired 
unique serial numbers. 

During normal operation, the host periodically 
checks the configuration by sending 
IDRequest messages to inactive devices. 
The host also sends I DRequest messages to 
all assigned addresses whenever it receives 
an Attention message from a device seeking 
configuration. The purpose of these 
I DRequest messages is to verify the current 
state of the ACCESS. bus - what devices are 
still connected and which devices are no 
longer present. 

Device Capabilities Information 
In order that a device be accessible to 
application programs running on the host. it 
must be connected to an appropriate 
software driver. Establishing this association 
is the last phase of configuration. 

The appropriate driver will depend on the 
device type. There may be further 
parameters that characterize the device and 
which affect the choice of driver, or which at 
least must be furnished as arguments to the 
selected driver. Moreover, the application 
program may also need to be informed of 
these device parameters. The device 
Capabilities Information feature of the 
ACCESS. bus protocol allows a measure of 
device independence in the selection of 
drivers and provides for informing the host 
software of the device characteristics. 

Device Capabilities Information is an explicit 
statement of a device's functional 
characteristics that are only implicit in the 
device type designation contained in the ID 
string, or that may even vary among 
individual devices of a given type. For 
example, the Capabilities Information about a 
keyboard might include the national alphabet 
used, or the Capabilities Information about a 
locator might include its resolution or units. 

The Capabilities Information for each device 
is contained in a single human-readable 
ASCII-encoded text string stored on the 
device ROM. The ACCESS. bus Base 
Protocol defines a simple and compact 
grammar for building the capabilities string. 

The semantics of the Capabilities Information 
is carried by keywords. The Base Protocol 
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defines some keywords that can apply to all 
sorts of devices. Then each Application 
Protocol will define further keywords that are 
meaningful only for certain types of devices. 
To date, the ACCESS bus Application 
Protocols define semantics for the 
Capabilities I nformation for generic 
keyboards, locators, and general text 
devices. The grammar allows for easy 
extension of the Capabilities Information 
specification. 

An example of a simple mouse Capabilities 
string might be as follows: 

prot(locator) 

type(mouse) 

model(VSXXX) 

buttons(I(L)2(R)3(M)) dim(2) rei 
res(200 inch) range(-127 127) 

dO(dname(X)) 

dl (dname(Y)) 
) 

This would specify that the device uses the 
standard locator protocol; that it is a mouse, 
that it is model VSXXX; that it has three 
buttons designated left, middle and right 
corresponding with the respective bits in the 
keyswitch word; that it has two degrees of 
freedom, designated 'X" and 'Y", using 
inches as units with 200 counts per inch; that 
it reports relative values (displacement since 
last report) in the range -127 to 127 counts, 
and that its coordinate values correspond to 
X and Y. 

After assigning a unique address to a device, 
the host sends it a CapRequest message to 
command it to send its Capabilities 
InformHtion in a CapReply message. Of 
course, the device Capabilities string may 
well exceed the capacity of the message 
body of each CapRequest specifies where in 
the Capabilities Information string the 
fragment should start. The 'offset' value is 
repeated in the Cap Reply message, to be 
used as a check by the host in reassembling 
the Capabilities string. The offset is restricted 
to three values: send first (0), send again, 
and send next (offset from most recent string 
plus the number of bytes in the fragment. 

The protO, typeO, and modelO keywords 
must appear in that order and occur first in 
the Capabilities string. They must be within 
the first 128 bytes. 

APPLICATION DEVICE TYPES 
The initial ACCESS. bus specification defines 
Application Protocols for three kinds of 
devices: keyboards, locators, and text 
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devices. An important advantage of 
developing devices that conform to these 
defined protocols is the availability of 
pre-existing software to implement them, in 
particular, the drivers in the operating 
software of the host system through which 
application programs gain access to the 
devices. 

Keyboard Devices 
A generic keyboard consists of an array of 
key stations assigned numbers between 8 
and 255. When any key station transitions 
between open and closed, the entire list of 
key stations currently closed or depressed is 
transmitted to the host. 

In addition to reporting key stations, the 
generic keyboard device can support simple 
feedback mechanisms such as keyclicks, 
bells, and light-emitting diodes. These 
mechanisms are controlled explicitly from the 
host so that minimal keyboard state modeling 
is required. The keyboard mapping table can 
also be stored in the keyboard itself as part of 
the capabilities string. 

Each key is assigned a unique 8-bit number 
(8-255). The first 8 codes are reserved for 
other keyboard functions. On each key 
transition, up or down, the keyboard will 
report the complete state of the key array as 
a list of zero to ten key stations that are 
currently down. 

Example: user enters the modified keystroke 
Alt-Shift-A 

Transition Report 

locator protocol is suitable for valuator sets, 
such as dial boxes, and function key boxes 
with up to 16 function keys. 

The locator capabilities information provides 
for specifying the number of switches and 
their designations (for example, "left", "right", 
"middle", etc.), whether the locator values are 
relative (like a mouse) or absolute (like a 
tablet or dial box), the resolution (counts per 
unit, and units), the dynamic range, and the 
names of the locator axes (for example, "x", 
"y", etc.). 

The first 2-byte word of the event report 
message body contains a mask giving the 
state of the switches; the remaining words 
contain the value of each of the locator axes, 
either the absolute values or the change 
since the previous report in the case of 
relative devices. The locator report message 
is sent either on a regular sampling interval or 
on receipt of an AppPol1 message from the 
host. 

The locator-specific Application Protocol 
control/status messages are from the host to 
the device: 

AppPoll Requests the device to 
report its state 

AppSampling Interval 
Sets the device sampling 
interval or instructs the 
device to report only when 
polled 
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TIMING RULES 
To ensure good interactive response and to 
ensure that all devices will have access to the 
bus, the ACCESS.bus specifies rules on 
transaction timing. Further, specific timeouts 
are needed to avoid hanging up the 
interconnect when devices fail or are 
removed. 

Transaction Timing Rules 
The ACCESS. bus is designed primarily for 
interactive devices. A basic objective of the 
definition of the ACCESS.bus specification is 
that every interactive device should be able 
to update the host on its state at least once in 
every display video frame time. To help meed 
this criterion, the Base Protocol imposes 
some rules on the timing of a device's 
interaction with the bus. 

Response Timeouts 
In order that a dead or unplugged device will 
not hang up the system indefinitely, there 
must be time limits for responding to 
commands that require a response. The 
ACCESS.bus protocol specifies that devices 
shall complete the Reset command within 
250ms. Further, a device shall respond to any 
command requiring a response within 40ms, 
or, in the case of commands that can be 
answered by several devices, within 40ms 
after the last device to respond. 

SOFTWARE ARCHITECTURE 
AND DEVELOPMENT 
An ACCESS.bus peripheral requires software 

Altdown Alt More detailed information can be found in the at both ends of the bus transaction for 

Shift down AltShift 

''''down AltShiftA 

'A' up AltShift 

Shift up All 

Altup <empty lisl> 

This reporting scheme is functionally 
complete in that the host can detect every 
key transition and it provides the full state of 
the keyboard on each report. No special 
resynchronization reports are needed. 

More detailed information can be found in the 
ACCESS.bus Keyboard Device Protocol 
Specification. 

Locator Devices 
The ACCESS. bus Locator Device 
Specification provides for a device that has 
up to 15 degrees of freedom (with 16-bit 
precision) and up to 16 binary keys or 
buttons. Thus, in addition to such 
conventional pointer/locator devices as 
mouse, tablet, trackball. The ACCESS. bus 
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ACCESS. bus Locator Device Protocol 
Specification. 

Text Devices 
The text device protocol is intended to 
provide a simple way to transmit character or 
binary data to and from stream oriented 
devices such as a bar code reader, or 
character display. The sequential character 
stream model also serves as a common 
denominator for connecting RS-232 
interfaced devices. 

A generic text device transmits a stream of 
8-bit bytes from a character set. Simple 
control messages are defined to support flow 
control and to select communication 
parameters that might be used to interface 
with a modem. The capabilities string 
contains information that identifies the 
specific character set and communication 
parameters used. 

More detailed information can be found in the 
ACCESS. bus Text Device Protocol 
Specification. 
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managing all levels of the peripheral 
interaction: the 12C interface, the 
ACCESS.bus Base Protocol, and the 
ACCESS. bus Application Protocol. Further, 
the peripheral device requires software to 
support communication between the device 
microcontroller and the application-specific 
I/O transducer circuitry. Finally, the host 
system operating software must provide 
interfaces by which application programs can 
access both the ACCESS. bus devices and 
the ACCESS. bus itself. An important 
advantage of the ACCESS.bus approach is 
that the lower levels of the interaction are 
common to diverse device types, so they can 
be supported by the same or similar software 
modules. 

Device Firmware Development 
The microcontroller in the device provides the 
intelligence for managing the device's 
participation in all the levels of the 
ACCESS.bus protocol. Use of the 
components with hardware 12C interface 
functionality, described in 
"MICROCONTROLLERS", can simplify the 
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development of the lowest level of this 
software. Moreover, because they concern 
only the bus communication methods that are 
common to all sorts of peripheral devices, the 
12C interface and the ACCESS.bus Base 
Protocol may well be implemented by reusing 
software previously developed for some of 
these components. And devices conforming 
to the semantics of the predefined standard 
Application Protocols may also benefit from 
the availability of some off-the-shelf code at 
the top level. 

Of course, each device vendor will have to 
develop substantial firmware specific to his or 
her device. Philips and several third party 
vendors offer a range of tools to support 
firmware development for the standard 
components of the 80C51 family. These tools 
include cross assemblers and cross 
compilers for C and PUM, in-circuit emulators 
with symbolic debugging and real-time trace 
support, and EPROM programming 
equipment. Generally, these software and 
hardware tools are for use with 
PC-compatibles as the development 
platforms. 

Host Software Architecture 
Vendors of host systems supporting 
ACCESS. bus will have to supply drivers and 
other kernel modules to provide access to the 
ACCESS. bus port, both for application 
program clients and for other system 
software, such as the interactive liD handlers 
of the window system. 

DEVELOPMENT SUPPORT 
Both Digital and Philips Semiconductors offer 
technical support and assistance to 
developers of ACCESS.bus devices and host 
systems. 

ACCESS.bus Industry Group 
The ACCESS.bus Industry Group (ABIG) is 
an association of members interested in 
promoting ACCESS. bus as an industry 
standard for the desktop connectivity of 
computer peripherals. As an association, 

ABIG is intended to maintain the 
ACCESS. bus specification as a simple, 
easy-to-implement, stable technology in the 
spirit of its design and contribute to the 
technical longevity of the ACCESS.bus 
architecture. 

ABIG is an open industry group and anyone 
who has an interest in ACCESS.bus can be 
an ABIG member. An ABIG member is 
defined as a company including its divisions 
and subsidiaries, an organization, or a public 
or private institution. 

There are two basic types of membership; 
General and Voting. General membership is 
open to everyone and Voting Membership is 
restricted to only those members who are 
actively developing a device or platform that 
incorporates the ACCESS. bus technology. 
ABIG is governed by an elected Steering 
committee of seven voting members. 

ABIG Founding Members are those voting 
members who joined to form ABIG. They 
have the same voting privileges. The ABIG 
Founding Members are: 

AMP, Inc. 
Ceibo, Ltd. 
Computer Access Technology Corp. 
Digital Equipment corp. 
Discrete Time Systems Corp. 
Honeywell Keyboard Division 
Input Technologies, Inc. 
ITAC Systems, Inc. 
Kensington Microware Limited 
Lexmark International, Inc. 
Logitech, Inc. 
Micro Computer Control Corp. 
Molex Inc. 
Mouse Systems Corp. 
New Idea Electronic Co., Ltd. 
Nexus Applied Research, Inc 
Penny & Giles Computer Products ltd. 
Philips Semiconductors 
Robert Clemens Research & 
Development 
Summagraphics Corp. 
Sun International, Inc. 
Welch Allyn, Inc. 
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For more details on ABIG, please contact 
ABIG directly at: 

ACCESS. bus Industry Group 
370 Altair Way, suite 215 
Sunnyvale, California 94086 
Telephone: 408-991-3517 
FAX: 408-991-3773 

Philips Semiconductors Support 
An ACCESS.bus specification is available 
from Philips Semiconductors. This kit 
includes the complete specifications for the 
ACCESS.bus Base Protocol and pre-defined 
Application Protocols, as well as the Philips 
Data Handbook containing the detailed 
specification of the 12C bus, characteristics of 
the available integrated circuits which support 
it, application notes, and sample firmware 
code. The Data Handbooks also contain 
listing of development systems and 
third-party products supporting 
microcontroller firmware development, 
mentioned in the section entitled "Device 
Firmware Development" 

Beside the 80C51-family microcontrollers, 
Philips and other manufacturers offer over 
100 different components with built-in 12C 
support: memories, display controllers, data 
converters, clock/calendars, voice 
synthesizers, video processors, and others. 

For technical questions on 12C call your local 
Philips Semiconductors sales office, or 
contact the Philips' Headquarters Application 
Group at [1]408-991-3518. 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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Computer Access Technology 
Corporation 

ACCESS.bus 
Development Kit 

A.b-DEV-KIT 

ACCESS.bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
port on a computer. ACCESS.bus features 100,000 bits per second data rate, hardware arbitration, dynamic 
reconfiguration, a comprehensive capabilities grammar to support generic software device drivers, and off-the-shelf, low
cost 12C Microcontroller technology. 

The A.b-D EV -KIT is an ACCESS.bus product development support package. It includes CATC's PC/AT Ab-125I 
ACCESS.bus controller board, an ACCESS.bus mouse, expansion box and cables and an 87C751 Microcontroller. The 
kit also includes a comprehensive software package ,a user's manual and Hotline telephone support. 

The software package includes on-board microcode, an ACCESS.bus Manager that runs as a TSR under DOS and an 
ACCESS.bus Monitor and Control program. In addition the Ab-DEV-KIT software includes source code of 
ACCESS.bus generic software drivers for the host and ACCESS.bus devices software modules. 

Features 

• Complies fully with the ACCESS.bus 
standard 

• ACCESS.bus hardware package 
including -

• The Ab-l25I PC/AT 
ACCESS.bus Controller 

• An A.b Mouse 
• An A.b expansion box 
• Ab cables (2 ft and 4 ft) 
• A Philips 87C751 

Microcontroller 

• A comprehensive software package 
including -

On-board ACCESS.bus Main 
Controller (Me) microcode 

• An ACCESS.bus Manager that 
runs as a TSR under DOS 

• An ACCESS.bus Monitor and 
Control program 

• Source code of an ACCESS.bus 
host generic software driver 

• Source code of a generic 
ACCESS.bus application layer 

software 
• Source code of ACCESS. bus 

devices software modules 

• A comprehensive A.b user's manual 

• Hotline telephone support 

The A.b-DEV-KIT includes ACCESS.bus accessories 
and comprehensive software 
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A.b-DEV-KIT 

A.b-125J ACCESS. bus Controller Board 

ACCESS. bus Interface 
Controls a standard ACCESS. bus network. Provides 
two industry standard ACCESS.bus connectors, 
supplying 5V @ 0.75 A. 

ACCESS.bus Network Size 
Supports up to 125 ACCESS.bus devices. Physical 
distance up to 25 feet. With an external 
ACCESS.bus Buffer (optional) up to 250 feet. 

System Interface 
IBM PC/AT and compatibles. Uses the PC/AT 16-
bit programmable input / output mechanism: 

User selectable I/O addresses· 

0x250 to Ox25F 
0x260 to Ox26F 
0x350 to Ox35F 

User selectable interrupt -

IRQ1O, IROll or IR012 

Physical 
Power: + 5V DC, 10 W max. 

Temp. Range: + 0 to + 50 degree C 

Board Size: 4.2" H x 6.5" W. 

Warranty 
90·day. Return to factory for repair or replacement at 
manufacturers option 

A. b-DE V-KIT Software 

On-board MC microcode 
A real·time package that controls the operation of 
physical ACCESS.bus devices. 

ACCESS.bus Manager 
Runs as a TSR under DOS, communicates with the 
MC microcode and with the various device drivers. 
It routes control and application messages between 
the physical devices and their respective software 
drivers. 

ACCESS. bus Monitor 
A user-friendly, menu· driven program, displays 
user-selected ACCESS.bus messages and allows the 
user to control specific devices. 

Source Code License 
Source code of a generic ACCESS. bus software driver 
for the host. Source code of a generic ACCESS.bus 
application layer software. Source code of ACCESS.bus 
physical devices software modules. 

Diagnostics 
A comprehensive self test is performed on the board on 
power up. Diagnostics are run under control of the 
ACCESS. bus Monitor. 

Product specifications are subject to change without notice 

October 1992 

Computer Access Technology Corporation 
949 Hillsboro Avenue, Sunnyvale, CA 94087 

Tel: (408) 7328910 Fax: (408) 730 1675 
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Computer Access Technology 
Corporation 

ACCESS.bus 
PC/AT Controller Board 

Description 

A.b-1251 

ACCESS. bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
computer port. ACCESS.bus features data rate of 100,000 bits per second, hardware arbitration, dynamic 
reconfiguration, a comprehensive capabilities grammer to support generic software device drivers, and off-the-shelf, low
cost I2C microcontroller technology. 

The A.b-125I is a PCI AT adapter board that serves as an ACCESS.bus master. It allows the connection of multiple 
devices to a single port on the Pc. The board can be used in Desktop connectivity as well as in Control and 
Instrumentation applications. The board is based on a Philips 8xC654 microcontroller with I2C interface. 

The A.b-125I is offered with a comprehensive software package including on-board microcode and an ACCESS.bus 
Manager that runs as a TSR under DOS. 

Features 

• A highly integrated, half board 
design, uses a single 16-bit AT lISA 

slot 

• Full compliance with the 
ACCESS. bus standard 

• On-board 8K bytes SRAM buffer 
memory 

• A comprehensive software package 
including -

• An on-board ACCESS.bus Main 
Controller (Me) microcode 

• An ACCESS.bus Manager that 
runs as a TSR under DOS 

The A.b-125 allows the connection of multiple devices 
to a single port on the PC 
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ACCESS. bus Interface 
Controls a standard ACCESS.bus network. Provides 
two industry standard ACCESS.bus connectors, 
supplying 5V @ 0.75 A. 

ACCESS.bus Network Size 
Supports up to 125 ACCESS.bus devices. Physical 
distance up to 25 feet. With an external ACCESS.bus 
Buffer (optional) up to 250 feet. 

Buffer Memory 
8K x 8 bits (8K bytes) static RAM, 

System Interface 
IBM PC/AT and compatibles. Uses the PC/AT 16-
bit programmable input / output mechanism: 

User selectable I/O addresses-

Ox250 to Ox25F 
0x260 to Ox26F 
0x350 to 0x35F 

User selectable interrupt-

IROIO, IR011 or IR012 

A.h-12S1 

PC/AT 
Bus Interface 

A.b-125I 

Software 
A comprehensive software package is provided with 
the board. The software includes the on-board 
ACCESS.bus Main Controller (Me) microcode and 
the ACCESS.bus Manager that runs as a TSR under 
DOS. 

CATC has additional ACCESS.bus software 
available including a Windows 3.1 version of the 
ACCESS.bus Manager, software device drivers, bus 
monitoring and control program and development 
tools. Call CATC for additional information. 

Diagnostics 
A comprehensive self test is performed on the board 
on power up. 

Physical 
Power: + 5V DC, 10 W max. 

Temp. Range: + 15 to + 50 degree C 

Board Size: 4.2" H x 6.5" W. 

Warranty 
90-day. Return to factory for repair or replacement at 
manufacturers option 

ACCES'S':b~;"'" ": 
Main Controllerl 

...... ) 

Buffer Memory 
8Kx8SRAM 

ACCESS.bus 
Connectors 

Product specifications are subject to change without notice 

October 1992 

Computer Access Technology Corporation 
949 Hillsboro Avenue, Sunnyvale, CA 94087 

Tel: (408) 7328910 Fax: (408) 730 1675 
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83ClXXX Family Overview 

THE LOW VOLTAGE I LOW 
POWER 83CLXXX 
MICROCONTROLLER FAMILY 
The new Philips 83CLxxx microcontroller 
family offers a range of powerful controllers 
suitable for many applications and with a 
wide range of supply voltages, from 1.8V to 
6V. 

The family is based on the well-known 
industry standard 80C51 with a fully static 
core design. It offers not only advantages 
such as the extremely low minimum voltage 
requirement, but also a number of 
mask-programmable features such as an 
on-cllip power-on-reset circuit, several 
oscillator options, and different I/O port 
configurations. 

The 83CLxxx family offers a broad choice of 
integrated features. Serial interfaces include 
an UART andlor the 12C bus. 

In many applications where the signal 
strength or the battery supply voltage is 
monitored continuously, the integrated AID 
converter is offered. Modulation for 
signal/motor control can be realized with the 
on-chip PWM output. The family includes 
devices with on-{;hip program memories with 
up to 16K bytes and data memories up to 256 
bytes. Both ROM and RAM are expandable 
up to 64K bytes externally. 

In addition to the normal features of the 
BOC51 core, all the members of the 83CLxxx 
family include extra features such as 
programmable, vectored interrupts via Port 1. 
This means that all the devices can be 
awakened from Power-down mode via Port 1 
without resetting the microcontroller. This 
feature can be very useful in keyboard 
applications, e.g., where the controller is to 
be brought out of the low-power state in a 
structured way by the strike of a key. 

Process 
The B3CLxxx microcontrollers are fabricated 
using the SAC-2 process (Self Aligned 
Contact CMOS, 2flm). This process yields 
devices with an operating voltage range from 
1.8 to 6.0V with a density comparable to a 1 
micron standard CMOS process. A shrink 
path to a SAC-l (1 flffi) is foreseen. 

Telecom Applications 
The demand for low voltagenow power 
devices for telecom applications is growing 
rapidly. Especially in the field of portable and 
hand-held equipment the trend is very clear. 

Integrated circuits with a wide supply voltage 
range and wide frequency range have 
become a necessity to adapt to current and 
future standards. This applies to both analog 
and digital, cordless and cellular telephone 

March 1993 

systems. As the telecom applications become 
more complicated and sophisticated, a 
powerful and well established core with 
extension capabilities is needed for efficient 
and fast implementation. 

The P83CLxxx family includes devices for all 
kinds of telecom applications where low 
power and low voltage is required: from 
normal corded analog phones, feature 
phones and answering machines to cordless 
and cellular phone systems. 

The P83CLxxx microcontrollers are suitable 
in cordless systems including CTO, CT1, 
CT2 and DECT. 

On the cellular side, suitable applications are 
be found among AMPS/NAMPS, TAGSI 
NTACS and NMT systems. 

The family also offers ideal microcontrollers 
for pager applications where low voltage! 
power is a necessity. 

Non-Telecom Applications 
Due to the low voltage/low power features of 
the P83CLxxx microcontroller, these devices 
are also excellent in the non-telecom area, in 
battery powered and hand-held electronic 
equipment. Examples of suitable applications 
are: 

• Cordless computer keyboards 

• Cordless computer peripherals 

• Palmtop computers 

• Hand-held translators 

• Remote controllers (TV, car locking, light 
control systems) 

• Portable medical instrumentation 

• Smart cards 

• Personal games 

• Wireless data entry systems (stock 
inventory, car rental check in/out, 
restaurant ordering systems. 

• Fax machines 

• Scanners 

• Security systems 

• Electric, gas and water meters 

P83CLxxx family features 
The P83CLxxx family is based on a fully 
static BOG51 core. 

The extremely low minimum supply voltage of 
only 1.8V (the complete range is 1.8 to 6.0V) 
makes this family of microcontrollers an 
excellent choice for low voltage I low power 
applications, such as battery powered 
applications or other where low current 
consumption is a necessity. 
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Port PI includes additional external interrupts 
which can be used to wake up the micro 
from Power-Down mode without a reset. The 
interrupts are separately programmable for 
different priorities and highnow sensitivity. 

All the P83CLxxx microcontrollers include the 
following features. 

• Fully static BOG51 CPU 

• 64K bytes program memory address space 

• 64K bytes data memory address space 

• Power-Down and Idle instructions 

• wake up via external interrupts at Port PI 

• Bidirectional and individually addressable 
1/0 lines with mask-programmable 
configurations (standard, open 
drain/push-pull, and HIGH/LOW after reset) 

• On-chip oscillator with mask
programmable transconductance-options 

• Power-On Reset circuit, mask
programmable (on/off) 

• Very low power consumption 

• Frequency range 32kHz to 12MHz (down 
to DG with ext. clock) 

• Supply voltage range: 1.8 to 6.0V 
(P8xCL580: 2.5 to 6.0V) 

• Operating temperature: -40 to +85°C 
(P8xCL782: -25 to +55°C) 

P80CL51 131 
The PBOCL51 is a low power version of the 
BOC51. Functionally it is fully compatible with 
the BOGS 1 and B051. The part can be 
operated at voltages from 1.8V to 6V and at 
oscillator frequencies from 32kHz to 12MHz 
(down to DG with external clock). The main 
benefit of this part is its ability to significantly 
reduce the current consumption in an 
application when it is operated at voltages 
and frequencies that are lower than those at 
which the BOG51 will operate. 

The PBOGL31 is the ROM-less version of 
P80CL51. 

The P80GL51 provides the following features: 

·4KROM 

.128 RAM 

• Four B-bit ports, 32 1/0 lines 

• Two 16-bit timers I event counters 

• Full duplex UART 

• 13-source, 13-vector interrupt structure 
with two priority level s 

• 40-pin Dual In-line and 40-pin Very Small 
Outline packages. 44-pin Quad Flat Pack 
in development. 
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P80CL52J32 
The P80Cl52 is a low power version of the 
BOC52. Functionally it is compatible with the 
BOC52 and 8052. The part can be operated at 
voltages from 1.8V to 6V and at oscillator 
frequencies from 32kHz to 12MHz (down to 
DC with external clock). 

The P80Cl32 is the ROM-less version of 
P80Cl52. The 80Cl52 provides the following 
features: 

• 8K ROM 

• 256 RAM 

• Four 8-bit ports, 32 I/O lines 

• Three 16-bit timers / event counters 

• Full duplex UART 

• 14-source, 14-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 

P8xCL410 
The P83Cl41 0 is a derivative of the aOCl51. 
It has all the features of an 80eLSl except for 
an on-chip 12C-bus interface instead of UART. 
The P80Cl410 is the ROM-less version of 
P83Cl410. 

The P83Cl41 0 provides the following 
features: 

·4KROM 

• 128 RAM 

• Two t6-bit timers / event counters 

• 12C bus interface for serial transfer on two 
lines 

• Four 8-bit ports, 32 I/O lines 

March 1993 

• 13-source, 13-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 40-pin Very Small 
Outline packages. 

P8xCL411 
The P83Cl411 is an extended function 
80Cl51 with twice as much RAM (256 bytes). 
The P80Cl411 is the ROM-less version of 
P83Cl411. 

The P83Cl411 provides the following 
features: 

·4KROM 

• 256 RAM 

• Four a-bit ports, 32 I/O lines 

• Two 16-bit timers / event counters 

• Full duplex UART 

• 13-source, 13-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 

P8xCL580 
The P83Cl580 is a 80Cl51 derivative which 
includes a 4-channel, a-bit AID converter, 
one PWM output with 8-bit resolution, timer 
T2, watchdog and an extended port structure. 
For serial interfacing, both an UART and IIC 
are on-chip. The P80Cl580 is the ROM-less 
version of P83Cl580. 

The P83Cl580 provides the following 
features: 

·6KROM 

• 256 RAM 

• 4-channel, a-bit AID converter with 
Power-down mode 
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• One PWM output with 8-bit resolution 

• Three 16-bit timers / event counters 

• Watchdog timer 

• Full duplex UART 

• 12C bus interface for serial transfer on two 
lines 

• Five 8-bit ports, 40 I/O lines 

• IS-source, 15-vector interrupt structure 
with two priority levels 

• 56-pin Very Small Outline and 64-pin Quad 
Flat Pack packages . 

P8xCL781 & P8xCL782 
The P83Cl781 is a BOCl51 derivative with 
16k ROM and 256 byte RAM. The P83Cl782 
is a faster version of the Cl781 and runs at 
12 MHz at 3V. Functionally, the Cl781 and 
Cl782 are identical. The P80Cl781n82 is 
the ROM-less version of P83CL781/782. 

The P83CL781 and P83CL782 provide the 
following features: 

• 16K ROM 

• 256 RAM 

• Four 8-bit ports, 32 I/O lines 

• Two 16-bit timers / event counters 

• Full duplex UART 

• 12C bus interface for serial transfer on two 
lines 

• 15-source, 15-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 
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QUICK REFERENCE CHART 

Type Available ROM RAM 

8OCL51 Yes 4k 128 

8OCL31 Yes - 128 

BOC51 01'93 4k 12B 

80C31 01'93 - 128 

8OCL52 01'93 8k 256 

8OCL32 01'93 - 256 

83CL410 Yes 4k 128 

BOCL410 Yes - 128 

B3CL411 01'93 4k 256 

83CL5BO 01'93 6k 256 

83CL7Bl 01'93 16k 256 

83CL782 01'93 16k 256 

85CLOOO Yes - 256 

85CL5B0 01'93 - 256 

85CL781 01'93 - 256 

March 1993 
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32 

32 

32 

32 

32 

32 

32 

32 

32 

40 

32 

32 

32 
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83CLXXX Microcontroller Family 

12C UART Features Package 

No Yes Low Voltage 8OC51 40-Pin Dualln-Une 
40-Pin Very Small Outline 

No Yes Low Voltage BOC31 40-Pin Dualln-Une 
40-Pin Very Small Outline 

No Yes Standard 8OC51 40-Pin Dual In-Line 
40-Pin Very Small Oumne 

No Yes Standard 8OC31 40-Pin Dualln-Une 
40-Pin Very Small Outline 

No Yes Low Voltage 8OC52 40-Pin Dual In-Line 
44-Pin Ouad Flatpack 

No Yes Low Voltage 8OC32 40-Pin Dual In-Line 
44-Pin Ouad Flatpack 

Yes No 80CL51 with 12C-bus 40-Pin Dual In-Line 
40-Pin Very Small Oumne 

Yes No BOCL51 with 12C-bus 40-Pin Dualln-Une 
40-Pin Very Small Outline 

No Yes BOCL51, large RAM 40-Pin Dual In-Line 
44-Pin Ouad Flatpack 

Yes Yes ADC, PWM, Watchdog, T2 50-Pin Very Small Outline 
64-Pin Ouad Flatpack 

Yes Yes Low voltage B3C654, T2 40-Pin Dual In-Line 
44-Pin Ouad Flatpack 

Yes Yes Fast 83CL781: 12MHzl3V 40-Pin Dual In-Line 
44-Pin Ouad Flatpack 

Yes Yes For SW development Piggyback 

Yes Yes For SW development Piggyback 

Yes Yes For SW development Piggyback 
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FEATURES 
• Full static 80C51 CPU 

• 8-bit CPU, ROM, RAM, 1/0 in a single 
40-lead DIL / mini-pack 

• 4K x 8 ROM, expandable externally to 64K 
bytes 

• 128 bytes RAM, expandable externally to 
64K bytes 

• Four 8-bit ports, 321/0 lines 

• Two 16-bit timer / event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and / or RAM up 
t064K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Thirteen source, thirteen vector interrupt 
structure with two priority levels 

• Full duplex serial port (UART) 

• Enhanced architecture with: 

non-page oriented instructions 

direct addressing 

four eight byte RAM register banks 

stack depth up to 128 bytes 

multiply, divide, subtract and compare 
instructions 

ORDERING INFORMATION 

ROM LESS ROM 

• Power-Down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of I.BV to 6.0V 

• Frequency range of 32 kHz to 12MHz 

• Very low current consumption 

• Operating temperature range: -40 to +B5"C 

DESCRIPTION 
The BOCL51 is manufactured in an advanced 
CMOS technology. The instruction set of the 
BOCL51 is based on that of the 8051. The 
BOCL51 is a general purpose microcontroller 
especially suited for battery-powered 
application. The device has low power 
consumption and a wide range of supply 
voltage. For emulation purposes, the 
85CLOOO (Piggy-back version) with 256 bytes 
of RAM is recommended. The 8OCL51 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-down. The 80CL51 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 

TEMPERATURE RANGE °C AND PACKAGE 

P80CL31HFP P80CL51HFP 40-lead Plastic Dual In-line Package 

P80CL31HFT PBOCL51 HFT 40-lead Plastic Small Outline Package 
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PIN CONFIGURATIONS 

PO.lIAD1 

PO.21AD2 

PO.31AD3 

PO.4fAD4 

PO.5fAD5 

PO.6IAD6 

PO.7fAf17 

P2.7fA15 

P2.6fA14 

P2.5fA13 

P2A/A12 

P2.31A11 

P2.21A10 

P2.lIA9 

P2.0fAe 

DRAWING NUMBER 

SOT129 

SOTI58A 
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PIN DESCRIPTIONS 

PIN DESIGNATION FUNCTION 

1 Pl.0IlNT2 Port 1 : Port 1 is an 8-bit bidirectional 110 port with internal pullups. Port 1 pins that have 1 s 
2 p1.1nNT3 written to them are pulled HIGH by the internal pull ups, and in that state can be used as inputs. 
3 p1.2nNT4 The Port 1 output buffer can sink/source 4 LS TTL loads. As inputs, Port 1 pins that are 
4 P1.3/INTS externally pulled LOW will source current (IlL in the characteristics) due to the internal pullups. 
5 P1.4flNTG Port t also serves the alternative functions INT2 to INT9. 
G P1.SflNT7 
7 Pl.G/INT8 
8 p1.7nNT9 

9 RST Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 

10-17 Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. The Port 3 output buffers 
can sink/source 4 LS TTL inputs. Port 3 pins that have I s written to them are pulled HIGH by 
the internal pull ups, and in that state can be used as inputs. As inputs, Port 3 pins that are 
externally pulled LOW will source current (Ill in the characteristics) due to the internal pull ups. 

10 P3.0/RXD/data RXD/data: Serial port receiver data input (asynchronous)or data inpuVoutput (synchronous) 

II P3.1 fTXD/ciock TXD/clock: Serial port transmitter data output (asynchronous) or clock output (synchronous) 

12 P3.2/INTO INTO: External interrupt O. 

13 P3.3/INTI INn: External interrupt I. 

14 P3.4fTO TO: Timer 0 external input. 

15 P3.5fTI T1 : Timer I external input. 

16 P3.6iWR WR": External data memory write strobe. 

17 P3.71RIT "RD: External data memory read strobe. 

18 XTAL2 Crystal output: Output of the inverting amplifier of the oscillator. Left open when external clock 
is used. 
Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally 
generated clock source. 

19 XTALI Crystal input: Input to the inverting amplilier of the oscillator; also the input for an externally 
generated clock source. 

20 Vss Ground: Circuit ground potential. 

21-28 P2.0-P2.7 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. Port 2 pins that have Is 
written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 
The Port 2 output buffer can sink/source 4 LS TTL loads. 

21-28 P2.0-P2.7 Port 2 emits the high-order address byte during accesses to external memory that use 1 6-bit 
addresses (MOVX @DPTR). In this application it uses the strong internal pull ups when emitting 
1 s. During accesses to external memory that use 8-bit addresses (MOVX @Ri), Port 2 emits the 
contents of the P2 Special Function Register. 

29 ~ Program store enable output: Read strobe to external program memory. When executing 
code out of external program memory, PSEN is activated twice each machine cycle. However, 
during each access to external data memory two PSEN activations are skipped. 

30 ALE Address Latch Enable: Output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may 
be used for external timing or clocking purposes. 

31 EA External Access: When EA is held High the CPU executes out of internal program memory 
(unless the program counter exceeds OFFFH). Holding EA LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter. 

32-39 PO.O-POO.7 Port 0: Port 0 is an 8-bit open drain bidirectional 1/0 port. As an open drain output port it can 
sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in that state will function 
as high impedance inputs. Port 0 is also the multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting logic 
Is. 

40 VDD Power supply. 

183 



Philips Semiconductors Microcontroller Products 

Low-voltage single-chip 8-bit microcontroller 

BLOCK DIAGRAM 

FREQUENII&CY REFERENCE 

r XTA1.2A.XTAL1 '\ 

10 

INTERNAL 
INTERRUPTS 

EXTERNAL ENTERRUPTS 1 

1. Pins shared with parallels ports pins. 

FUNCTIONAL DIAGRAM 

ALTERNATIVE 
FUNCTIONS 

RxD/data ------. 

TxO/clock -4----
mTO_ 

1fiITf_ 

CONTROL 

XTAL1 

EX 

PSEII 

ALE 

TO_ PORT. ~j Tl_ 
WA_ 
RD_ 

COUNTER' 

~ 

PROGRAMMABLE 
SERIAL PORT, 

FULL DUPLEX UART. 
SYNCHRONOUS 

SHIFT 

---r-
____ ...1 

PARALlEL PORTS 
ADDRESS/DATA BUS 

1/0 PINS 

VDD 
Vss RST 

~ PORTO 

~} PORT 1 

~ PORT 2 

184 

~ 
(1) 

~l ADDRESS AND 

DATA BUS 

~} INT2IINT9 

~} ADDRESS BUS 

Preliminary specification 

80CL51 



Philips Semiconductors Microcontroller Products 

Low-voltage single-chip 8-bit microcontroller 

1.0 FUNCTIONAL DESCRIPTION 

General 
The 80Ctsl is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent compu1er peripherals and 
consumer products. 

The device provides hardware features, 
archi1ectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K by1es of 
program memory andlor up to 64K by1eS of 
data storage. 

The 80Ctsl contains a non-volatile 4K byte x 
8 read-only program memory; a static 128 
bY1e x 8 readlwri1e data memory; 32 I/O lines; 
two 16-bit timer/event coun1ers; a thirmen
source two priority-level, nested in1errupt 
structure and on-chip oscillator and timing 
circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction: IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial 110 and in1errupt system 
to continue functioning. The Power-down 
mode saves the RAM con1ents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

CPU timing 
A machine cyde consists of a sequence of 6 
states. Each state time lasts for two oscillator 

MEMORY MAP 

64K 

EXTERNAL 

4096 

1 
40 95 r 409. 

INTERNAL 
(El(= 1) 

periods, thus a machine cycle takes 12 
oscillator periods or 1 J!S if the oscillator 
frequency is 12 MHz. 

1.1 Memory organization 
The 80CL51 has a 4K Program Memory 
(ROM) plus 128 by1eS of Data Memory 
(RAM) on board. The device has separa1e 
address spaces for Program and Data 
Memory (see Memory Map). Using Ports PO 
and P2, the 80Ctsl can address up to 64K 
bytes of ex1emal memory. The CPU 
genera1es both read and write signals (RD 
and WR) for ex1ernal Data Memory accesses, 
and the read strobe (PSEN) for ex1emal 
Program Memory. 

1.1.1 Program Memory 
The 80Ctsl contains 4K bytes of in1ernal 
ROM. Al1er reset the CPU begins execution 
at location OOOOH. The lower 4K bytes of 
Program Memory can be implemen1ed in 
either on- chip ROM or external Memory. If 
the EA pin is strapped to Voo, then program 
memory fetches from addresses OOOH 
through OFFFH are directed to the internal 
ROM. Fetches from addresses 1000H 
through FFFFH are direc1ed to external ROM. 
Program coun1er values grea1er than OFFFH 
are automatically addressed to ex1ernal 
memory regardless of the state of the EA pin. 

1.1.2 Data Memory 
The 80CL51 contains 128 bY1es of in1emal 
RAM and 25 Special Function Regis1ers 
(SFR). The Memory Map below shows the 
internal Data Memory space divided into the 

I 
225,..-

INTERNAL 
(EJ(=O) I 

1271-----1 

-------. --------' 
PROGRAM MEMORY INTERNAL DATA MEMORY 
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Lower 128, the Upper 128, and the SFR 
space. 

The lower 128 bytes of the in1emal RAM are 
organized as mapped in FlQure 9. The lowest 
32 by1es are grouped into 4 banks of 8 
regiS1ers. Program instructions refer to these 
regis1ers RO through R7. Two bits in the 
Program Status Word select which regis1er 
bank is in use. The next 16 by1es above the 
regiS1er banks form a block of bit-addressable 
memory space. The 128 bits in this area can 
be directly addressed by the single-bit 
manipulation instructions. The remaining 
regis1ers (30H to 7FH) are directly and 
indirectiy by1e addressable. 

1.1.3 Special Function Registers 
The upper 128 by1es are the address 
locations of the SFRs. Figure 10 shows the 
Special Function Register (SFR) space. 
SFRs indude the port latches, timers, 
peripheral control, serial I/O regis1ers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 addressable 
locations in the SFR address space (SFRs 
with addresses divisible by eight). 

1.1.4 Addressing 
The 80Ctsl has five methods for addressing 
source operands: 

Register 

Direct 

Regis1er-lndirect 

- Immedia1e 

- Base-Regis1er-plus 
Index-RegiS1er-indirect 

64K 

o'----.J 
~ 

EXTERNAL 
DATA RAil 
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The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" filed 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 
Registers in one of the four register 
banks through register, direct or indirect. 

Internal RAM (128 bytes) through direct 
or register~indirect. 

Special Function Register through 
Direct. 

External data memory through 
Register-Indirect 

Program memory look-up tables through 
Base-Register-Plus 
Index-Register-Indirect. 

1.2 1/0 Facilities 

1.2.1 Ports 
The 80CL51 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8- bit addressable ports. Port 0, 1, 2 
and 3 perform the following alternate 
functions: 

7FH 

2FH 

2DH 

} 

BIT -ADDRESSABLESPACE 
(BIT ADDRESSES Go7F) 

R7 lFH 

I 

I 
RD lBH 

R7 17H 
I 
I 
RD lDH 

4 BANKS OF 8 REGISTERS 
(RG-R) 

R7 OFH 

I 
I 

RD OBH 

R7 D7H 
I 
I 
RD D 

Figure 9. The Lower 128 Bytes of Internal RAM 

Port 0: provides the multiplexed low-order 
address and data bus for 
expanding the device with 
standard memories and 
peripherals. 

Port 1: provides the inputs for the external 
interrupts INT2IINT9. 

Port 2: provides the high-order address 
when expanding the device with 
external program or data memory. 

Port 3: pins can be configured individually 
to provide: 

(1) external interrupt request inputs 
(2) counter input 

(3) control signals to read and write 
to external memories 

(4) UART input and output 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 
driver and an input buffer. Ports 1,2,3 have 
internal pull ups. Figure II(a) shows that the 
strong transistor pI is turned on for only 2 
oscillator periods after a O-to-l transition in 
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the port latch. When on, it turns on p3 (a 
weak pull up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port ° the pull up pI is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used. as a high-impedance input. 

1.2.2 Port Options 
The pins of port 1, port 2, and port 3 may be 
individually configured with one of the 
following options (see Figure 11): 

Option 1: Standard Port; quasi·bidirectional 
I/O with pull up. The strong booster 
pull up pI is turned on for two 
oscillator periods after a O-to-l 
transition in the port latch (see 
Figure 11 (a)). 

Option 2: Open drain; quasi-bidirectionalI/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull up 
resistor (see Figure II(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. See Figure 11(b). 
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FROM 
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STRONG PULL UP 

o ~~------------~-----+~ 
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INPUT BUFFER 

READ PORT PIN 

STRONG PULL UP 

Preliminary specification 

80CL51 

(b) FROM 
PORT 
LATCH 

o 

\.+5V 

I :~+-----:' ~I/OPIN 
FROM 
PORT 

LATCH I~ n o -->0 _____________ ---" 1. 

(e) 

INPUT DATA "'-------------------------1 INPUT BUFFER 

READ PORT PIN __ 

The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (EA=O or access above the built -in 
memory boundary), second, 110 accesses. 

External Memory Accesses 
Option 1: True 0 and 1 are written as address 

to the external memory (strong pull 
up is used). 

Option 2: An external pull up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
access as the port can only be 
used as output. 

Figure 11. Ports 

110 Accesses: 
Option 1: When writing a 1 to the port-latch, 

the strong pull up pI will be on for 
2 oscillator periods. No weak pull 
up exists. Without an external pull 
up, this option can be used as a 
high-impedance input. 

Option 2: Open drain; quasi-bidirectional 110 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull up 
resistor (see Figure II(c». 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. 
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+5V 

EXT. 
PULL UP 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "S' or "R" 
to option 1, 2, or 3 above (e.g. 1 S for a 
standard 110 to be set after RESET or 2R for 
an open-drain 110 to be reset after RESET). 

1.3 Timer/event counter 
The SOCL51 contains two 16-bit 
TimerlCounter registers, Timer 0 and Timer 1, 
which can perform the following functions: 

Measure time intervals and pulse 
durations 

Count events 

Generate interrupts requests 
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REGISTER 
MNEMONIC BIT ADDRESS 

DIRECT 
BYTE ADDRESS 

(HEX) 

~-------------------------------~~ 

IP' ~}:o-_F_F----,-_F_E----,-_F_D----,-_FC __ -,-_FB---, __ FA----,,--FV __ I,--F_8 -:11 FaH ~ 

B FOH ~ 

IX, 

lEN' EFIEEIEDIECIEBIEAIEalEa 

ACC Ib_E_7----'-_E_S----L_E_5----'-__ E4--L __ E3---' __ E2----' __ E,----''--EO----iI EOH ~ 
pswID7 D6 05 D4 D3 D2 0' 1lO11lOH~ 
IRQ, I C7 CS C5 C4 C3 C2 C1 co 1 COH ~ 

:!v M : : : : : :1== 
:1: : : : : : : :1:= 

OOBUF T SF J 99H ~ 
OOCON 1 9E 90 9C 9B SA 99 991 99H ~ 
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THO 
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TLO 

TMOD 

TCON 8F I 8E I 80 I BC I 88 I 8A I 89 I 89 

8DH~ 
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88H~ 

8AH~ 

89H~ 

88H~ 

87H~ PCON 

:[ 
PO 87 96 85 84 83 82 I 8' J 

~ 

83H~ 

82H~ 

8'H~ 

8OH~ 

Figure 10. Special Function Registers 
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TImer 0 and limer 1 can be independenfly 
programmed to operate as follows: 

Mode 0 - 8-bit timer or counter with 
divide-by-32 prescaler 

Mode 1 - 16-bit time-interval or event counter 

Mode 2 - 8-bit time interval or event counter 
with automatic reload upon 
overflow 

Mode 3 - limer 0 establishes TLO and THO 
as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 

BIT POSITION 

SMOD PCON.7 
PCON.4-PCON.6 

GFl PCON.3 

GFO PCON.2 

PO PCON.l 

IDL PCON.O 

IDI 
II II 

XTAL2 

~ OSCILLATOR 

l'O 

periods. the count rate is 1/12 of the oscillator 
frequency. 

In the 'Counter" function. the register is 
incremented in response to a l-to-O 
transition. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a l-to-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.4 Idle and Power-down 
operation 
Idle mode operation permits the interrupt, 
serial port and timer blocks to continue 
functioning while the clock to the CPU is 

PCON 

halted. The following functions remain active 
during Idle mode: 

lirner 0, limer 1 

- UART 

- External interrupt 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PO bit in the PCON 
register. 

1.4.1 Power control register 
Power-{jown and Idle modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. PCON 
is byte addressable only. 

FUNCTION 

Double baud-rate bit. see description of the UART, chapter 1.5. 
(reserved) 

General purpose flag bit 

General purpose flag bit 

Power-down activation bit 

Idle mode activation bit 

XTALl 

~ 

INPUTS 
SERIAL PORTS 

=0-
llMER BLOCKS 

CLOCK 
GENERATOR 

CPU 

mr 

Figure 12. Idle and Power-down Hardware 
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1.4.2 Power-down mode 
The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

In the Power-down mode Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1.4.2.1 Wake-up using INT2IINT9 
if INT2 and INT9 are enabled, the 80C1.51 
can be awakened from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1.4.2.2 Wake-up using RESET 
To wake-up the 8OC1.51 the RESET pin has 
to be kept HIGH for a minimum of 24 cycles. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 13 
illustrates the two possibilities for wake-up. 

1.4.3 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed before going into Idle 
mode. Once in the Idle mode, the internal 
clock is gated away from the CPU, but not 
from the Interrupt, Timer and Serial port 
functions. The CPU status is preserved along 
with the Stack Pointer, Program Counter, 
Program Status Word and Accumulator. The 
RAM and all other registers maintain their 
data during Idle mode. The port pins retain 
the logical states they held at Idle mode 
activation. ALE and PSEN hold at the logic 
HIGH level. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON to be cleared by hardware, 
terminating Idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 

one following the instruction that put the 
device in the Idle mode. 

Flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or Idle mode. For 
example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

The status of the external pins during Idle 
and Power.oown mode is shown in Table 1. If 
the Power-down mode is activated while 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull up transistor pI (see Figure 
II(a». 

Table 1. Status of the External Pins During Idle and Power-down Mode 

MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 PORT 3 

Idle internal 1 1 Port Data Port Data Port Data Port Data 

Idle external 1 1 Floating Port Data Address Port Data 

Power-down internal 0 0 Port Data Port Data Port Data Port Data 

Power-down external 0 0 Floating Port Data Port Data Port Data 

POWER·DOWN I I I 
RESET·PlN ------- ---- n 

- --- ---------
EXTERNAL INTERRUT - - ---------

OSCILLATOR -
I' I I 

"- , 
-.Jo ~ -DELAY COUNTER )024 PERIODS 

1536 PERIODS 

Figure 13. Wake-up Operation 
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1.5 Standard serial interface SID: 
UART 
This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits 
through RxD. TxD outputs the shift 
clock. a bits are transmitted! 
received (lSB first). The baud is 
fixed at 111 2 the oscillator 
frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a 
start bit (0), a data bits (LSB first), 
and a stop bit (1). On receive, the 
stop bit goes into RB8 in Special 
Function Register SCaN. The 
baud rate is variable. 

Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): 
start bit (0), a data bits (LSB first), 
a programmable 9th data bit, and a 
stop bit (1). On Transmit, the 9th 
data bit (TBa in SCaN) can be 
assigned the value of 0 or 1. Or, 
for example, the parity bit (P, in the 
PSW) could be moved into TB8. 
On receive, the 9th data bit goes 
into RBa in Special Function 
Register SCaN, while the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 the oscillator frequency. 

Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a 
start bit (0), a data bits (lSB first), 
a programmable 9th data bit and a 
stop bit (1). In fact, Mode 3 is the 
same as Mode 2 in all respects 
except baud rate. The baud rate in 
Mode 3 is variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is inidated in the other modes by 
the incoming start bit if REN = 1. 

1.5.1 Multiprocessor communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows: 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= I, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves. so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their SM2s set and go 
on about their business. ignoring the coming 
data bytes. 

5M2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception. if SM2 = I, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

1.5.2 Serial port conlrol register 
The serial port control and status register is 
the Special Function Register SOCON. shown 
in Figure 14. The register contains not only 
the mode selection bits. bul also the 9th data 
bit for transmit and receive (TB8 and RB8). 
and the serial port interrupt bits (n and Rl). 
See next page. 

Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency 112. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = I, the baud rate is 1132 
the oscillator frequency. 

Mode 2 Baud Rate = 
(2SMOD/64 )(Oscillator Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 overflow rate. 

Using Timer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator. the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

(2sMOD/32)(Tlmer 1 Overflow Rate) 
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The Timer 1 interrupt should be disabled in 
this application . The Timer itself can be 
configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for "timer operation. in the 
auto-reload mode (high nibble of TMOD = 
0010B). In that case the baud rate is given by 
the formula: 

Mode I, 3 Baud Rate = 

{(2SMOD132) (Oscillator Frequency)) I 
{12(256 - (TH I)} 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring this Timer to run as 
a IS-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a 16-bit 
software reload. Table 2 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

More about Mode 0 
Figure 15 shows a simplified functional 
diagram of the serial port in Mode O. and 
associated timing. Transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. The "write to SOBUF" 
signal at S6P2 also loads a 1 into the 9th 
position of the transmit shift register and tells 
the TX Control block to commence a 
transmission. The internal timing is such that 
the one full machine cyde will elapse 
between "write to SOBUF", and activation of 
SEND. 

SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
CLOCK is low during 83, 84. and S5 of every 
machine cycle, and high during S6, Sl and 
52. At S6P2 of every machine cycle in which 
SEND is active. the contents of the transmit 
shift are shifted to the right one position. 

As data bits shift out to the right, zeros come 
in from the left. When the MSB of the data 
byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB. and all poSitions to the left of that 
contain zeros. This condition flags the TX 
Control block to do one last shift and then 
deactivate SEND and set n. Both of these 
actions occur atSl PI olthe 10th machine 
cycle after "write to SOBUF". 

Reception is initiated by the condition RE N = 

1 and Rl = O. At S6P2 of the next machine 
cycle, the RX Control unit writes the bits 
11111110 to the receive shift register, and in 
the next dock phase activates RECEIVE. 
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MSB LSB 

I SMO I SMl I 8M2 I REN I TBBI RBBI T1 
I 

Rl I 
Where SMO, SM1 specify the serial 
port mode, as follows: 

SMO SM1 Mode Description Baud Rale 

0 0 0 shift register foscl12 

0 1 8-bitUART variable 

0 2 9-bitUART foscl64 

or 

foscl32 

3 9-bit variable UART 

-SM2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then RI will not be activated 
if the received 9th data bit (RBS) is O. In Mode 1, if SM2=1 then Rl will not be activated if a valid stopbil was not received. In Mode 
0, SM2 should be O. 

-REN 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

-TBS 
Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or ciear by software as desired. 

-RBS 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=O, RBS is the stop bit that was received. In Mode 0, RBS 
is not used. 
-TI 
Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or al the beginning of the stop bit in the other modes, 
in any serial transmission. Must be cleared by software. 
-RI 
Receive interrupt flag. Set by hardware althe end of the 8th bit time in Mode 0, or hallWay through the stop bit time in the other modes, 
in any serial reception except (see SM2). Must be cleared by software. 

Figure 14_ Serial Port conlrol (SCON) Regisler 

Table 2. Timer 1 Generated Commonly Used Baud Rates 

TIMER 1 

BAUD RATE fose SMOD CIT MODE RELOAD VAlUE 

Mode 0 Max: 1 Mbls 12 MHz x x x x 

Mode 2 Max: 375 Kbls 12 MHz 1 X X X 

Modes 1,3: 62.5 Kbls 12 MHz 1 0 2 FFH 

19.2 Kb/s 11.059 MHz 1 0 2 FDH 

9.6 Kbls 11.059 MHz 0 0 2 FDH 

4.8 Kbls 11.059 MHz 0 0 2 FAH 

2.4 Kbls 11.059 MHz 0 0 2 F4H 

1.2 Kbls 11.059 MHz 0 0 2 E8H 

137.5 Kbls 11.986 MHz 0 0 2 1DH 

110 6 MHz 0 0 2 72H 

110 12 MHz 0 0 1 FEEBH 
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RECEIVE enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
Clock makes transitions at S3P1 and SSP 1 of 
every machine cycle. at SSP2 of every 
machine cyde in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cyde. 

As data bits come in from the right, 1 s shift 
out to the left. When the 0 that was initially 
loaded into the right-most position arrives at 
the left-most position in the shift register, it 
flags the RX Control block to do one last shift 
and load SOBUF. At SI PI of the 10th 
machine cycle after the write to SCaN that 
cleared RI, RECEIVE is cleared as RI is set. 

More about Mode 1 
Ten bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), and a stop bit (1 ). On 
receive, the stop bit goes into RBS in SCaN. 
In the 8051 the baud rate is determined by 
the limer 1 overflow rate. 

Figure 16 shows a simplified functional 
diagram of the serial port in Mode I, and 
associated timings for transmit/receive. 

Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The "write to SOBUF" signal also loads a 1 
into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at SI PI of the machine 
cycle following the next rollover in the 
divide-by-16 counter. (Thus, the bit times are 
synchronized to the divide-by-16 counter, not 
to the "write to SOBUF" signal). 

The transmission begins with activation of 
SEND which sends the start bit to pin TxD. 
One bit time later, DATA is activated, 
enabling the transmission of the output bit of 
the transmit shift register to TxD. The first 
shift pulse occurs one bit time after that. 

As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set TI. This occurs at 
the 10th divide-by-16 rollover after "write to 
SOBUF". Reception is initiated by a detected 

1 -to-O transition at RxD. For this purpose 
RxD is sampled at a rate of 16 times 
whatever baud rate has been established. 
When a transition is detected, the 
divide-by-16 counter is immediately reset, 
and 1 FFH is written into the input shift 
register. Resetting the divide-by-16 counter 
aligns its roll overs with the boundaries of the 
incoming bit times. The 16 states of the 
counter divide each bit time into 16th. At the 
7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. This 
is done for noise rejection. I! the value 
accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes 
back to looking for another l-to-O transition. 
This is to provide rejection of false start bits. 
I! the start bit proves valid, it is shifted into the 
input shift register, and reception of the rest 
of the frame will proceed. 

As data bits come in from the right, 1 s shift 
out to the left. When the start bit arrives at the 
left-most position in the shift register, (which 
in mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, loads 
SOBUF and RBS, and set RI. The signal to 
load SOBUF and RBS, and to set RI, will 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated. 

3. RI =O,and 

4. Either SM2 = 0, or the received stop 
bit= 1 

If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SOBUF, and RI is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a l-to-O transition in RxD. 

More about modes 2 and 3 
Eleven bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On transmit, the 9th data 
bit (TBS) can be assigned the value of 0 or 1. 
On receive, the 9th data bit goes into RBS in 
SCaN. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from limer 1. 

Figures 17 and 18 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 
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Mode 1. The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 

Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The "write to SOBUF" signal also loads TBB 
into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at SI P 1 of the machine cycle 
following the next rollover in the divide-by-16 
counter (thus, the bit times are synchronized 
to the divide-by-16 counter, not to the ''write 
to SOBUF" signal). The transmission begins 
with activation of SEND, which puts the start 
bit at TxD. One bit time later, DATA is 
activated, which enables the output bit of the 
transmit shift register to TxD. One bit time 
later, DATA is activated, which enables the 
output bit of the transmit shift register to TxD. 
The first shift pulse occurs one bit time after 
that. The first shift clocks a 1 (the stop bit) 
into the 9th bit position of the shift register. 
Thereafter, only zeros are clocked in. Thus, 
as data bits shift out to the right, zeros are 
clocked in from the left. Then TB8 is at the 
output position of the shift register, then the 
stop bit is just to the left of TB8, and all 
positions to the left of that contains zeros. 
This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and 
set TI. This occurs althe 11 th divide-by-16 
rollover after ''write to SOBU F". 

Reception is initiated by a detected 1-10-0 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1 FFFH is written to 
the input shift register. 

At the 7th, 8th and 9th counter states of each 
bit time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. I! the 
value accepted during the first bit time is not 
O. the receive circuits are reset and the unit 
goes back to looking for another l-to-O 
transition. If the start bit proves valid, it is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. As data bits come in from the right, 
1 s shift out to the left. When the start bit 
arrives at the left-most position in the shift 
register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do 
one last shift, load SOBUF and RBS, and set 
RI. 
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The signal to load SOBUF and RBB, and to 
set RI, will be generated if, and only if, the 
following conditions are met at the time the 
final shift pulse is generated. 

1. RI=O,and 

2. Either SM2 = 0 or the received 9th data 
bit= 1 

If either of these conditions is not met, the 
received frame is irretrievably lost, and RI is 
not set. If both conditions are met, the 
received 9th data bit goes into RBB, and the 
first 8 data bits 90 into SOBUF. One bit time 
later, whether the above conditions were met 
or not, the unit goes back to looking for a 
l-to-O transition at the RxD input. 

1.6 Interrupt System 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to do execution of any 

particular section of code. To tie the 
asynchronous activities of these functions to 
nonnal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The BOCL51 acknowledges 
interrupt requests from thirteen sources as 
follows: 

INTO and INTI 

- limer 0 and limer 1 

UART serial 1/0 

INT2 to INT9 (Port 1) 

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

IENO/1 IPOft 

Preliminary specification 
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1.6.1 External Interrupts INT2IINT9 
Port 1 lines serve an alternative purpose as 
eight additional interrupls INT2 to INT9. 
When enabled, each of these lines may 
"wake-up- the device from Power-down 
mode. Using the IXI register, each pin may 
be initialized to either active HIGH or Law. 
IRQl is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

The Port 1 interrupts are level sensitive. A 
Port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P IX is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 
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Figure 19. Interrupt System 
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P1.7 

Pl.6 

P1.S 

P1.4 

Pl.3 

P1.2 

Pt.t 

Pl.D 

Interrupt enable register IENO, IENl 
IENO(A8H) 

I~I - 1~1~1~lrnl=I~1 
Bit Symbol Function 

IENO.7 EA General enable/disable control 
o = no interrupt is enabled 

IENa.6 -
IENa.5 ESI 
IENa.4 ESO 
IENa.3 ETI 
IENa.2 EXI 
lENa. 1 ETa 
IENa.O EXO 

IENI (E8H) 

1 = any individually enabled 
interrupt will be accepted 
Unused 
Unused 
Enable UART SIO interrupt 
Enable timer Tl interrupt 
Enable external interrupt 
Enable Timer TO interrupt 
Enable external interrupt a 

Bit Symbol Function 
IEN1.7 EX9 
IEN1.6 EX8 
IEN1.5 EX7 
IEN1.4 EX6 
IEN1.3 EX5 
IEN1.2 EX4 
IEN1.l EX3 
IEN1.0 EX2 

Enable external interrupt 9 
Enable external interrupt 8 
Enable external interrupt 7 
Enable external interrupt 6 
Enable external interrupt 5 
Enable external interrupt 4 
Enable external interrupt 3 
Enable external interrupt 2 

where 0 = interrupt disabled 
1 = interrupt enabled 

IX1 IEN1 IRQ1 

t--~---- X9 

xa 

t---ti1~-- X7 

X6 

X5 

X4 

X3 

X2 

WAKE-UP 

Figure 20. External Interrupt Configuration 

Interrupt priority register IPO, IPI 
IPO (B8H) 

I - I - I PS1 I PSG I PT1 I PX1 I PTO I pxo I 
Bit Symbol Function 

IPO.7 Unused 
IPO.6 Unused 
IPO.5 PSI Unused 
IPO.4 PSO 
IPO.3 PTI 
IPO.2 PXl 

IPO.l PTO 
IPa.a pxa 

IPI (B8H) 

UART SIO interrupt 
Timer 1 interrupt priority level 
External interrupt 1 priority 
level 
Timer 0 interrupt priority level 
External interrupt 0 priority 
level 

1~1~lml~I~I~I~I~1 
Bit Symbol Function 

IP1.7 PX9 External interrupt 9 priority level 
IP1.6 PX8 External interrupt 8 priority level 
IP1.5 PX7 External interrupt 7 priority level 
IP1.4 PX6 External interrupt 6 priority level 
IP1.3 PX5 External interrupt 5 priority level 
IP1.2 PX4 External interrupt 4 priority level 
IP1.l PX3 External interrupt 3 priority level 
IP1.0 PX2 External interrupt 2 priority level 

Interrupt priority is as follows: 
o = low priority 
1 = high priority 
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Interrupt polarity register IXI 
IXI (E9H) 

1~1~lulul~I~lul~1 
Bit Symbol Function 

IX1.7 IL9 External interrupt 9 polarity level 
IX1.6 IL8 External interrupt 8 polarity level 
IX1.5 IL7 External interrupt 7 polarity level 
IX1.4 IL6 External interrupt 6 polarity level 
IX1.3 IL5 External interrupt 5 polarity level 
IX1.2 IL4 External interrupt 4 polarity level 
IX1.1 IL3 External interrupt 3 polarity level 
IX1.0 IL2 External interrupt 2 polarity level 

Interrupt request flag register IRQl 
IRQ1 (COH) 

1~1~lml~I~I~I=I~1 
Bit Symbol Function 

IR01.7 109 External interrupt 9 request flag 
IR01.6 108 External interrupt 8 request flag 
IR01.S 107 External interrupt 7 request flag 
IR01.4 106 External interrupt 6 request flag 
IR01.3 105 External interrupt 5 request flag 
IR01.2 104 External interrupt 4 request flag 
IR01.1 103 External interrupt 3 request flag 
IR01.0 102 External interrupt 2 request flag 
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1.6.2 Interrupt Vectors 

Vector Source 
XO 0OO3H External 0 
SO 0023H UARTSIO 
X5 0053H ExternalS 
TO OOOBH Timer 0 
X6 005BH External 6 
Xl 0013H External 1 
X2 003BH External 2 
X7 0063H External 7 
T1 001BH Timer 1 
X3 0043H External 3 
X8 006BH ExternalS 
X4 004BH External 4 
X9 0073H External 9 

Interrupt priority 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultanecusly. the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1.6.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

80CL51 

voo 

Register Function 
IXI Interrupt polarity register 
IRQl Interrupt enable register 
IENI Interrupt enable register (lNT2-INT9) 
IPO Interrupt priority register 
IPI Interrupt priority register (INT2-INT9) 

1.7 Oscillator registers 
The on-chip circuitry of the 8OCL51 is a 
single-stage inverting amplifier biased by an 
internal feedback resistor (Rgure 21). For 
operation as standard quartz oscillator, no 
external components are needed except at 
32 KHz. When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 22 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped XTAL 1 is pulled HIGH. The oscillator 
inverter is switched off to ensure no current 
will flow regardless of the voltage at XTAL 1. 
To drive the device with an external clock 
source, apply the external clock signal to 
XTAL I, and leave XTAL2 to float, as shown 

in Figure 22(f). There are no requirements on 
the duty cycle of the external clock, since the 
input to the internal clocking circuitry is split 
sing a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.7.1 Oscillator options (see Figure 22) 
32 kHz: Figure 22(c): An option for 32 kHz 
clock applications with external trimmer for 
frequency adjustment. A 4.7 MQ bias resistor 
is needed for use in parallel with the crystal. 

Osc. 2: Figure 22(e): An option for 
low-power, low-frequency 
operations using LC components. 

Osc. 3: An option for medium frequency 
range applications. 

Osc. 4: An option for high frequency range 
applications. 

RC: Figure 22(g): An option for an RC 
oscillator. 

t----i-i ff t---- TO INTERNAL 
TIMING CIRCUITS 

voo voo 

Rbias 

XTAll XTA1.2 

'---------i 01-------1 
Figure 21. Oscillator 
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QUARTZ QSCIUATOR 
STANDARD QUARTZ WITH EXTERNAL 

OSCILLATOR CAPACITORS 32 kHz OSCIUATOR 

XTALl XTAl2 XTAL1 XTAL2 XTAL, XTAL2 

0 

1 1 
(0) (b) (c) 

CERAt.lC RESONATOR LC-OSCILLATOR 

XTAL1 XTALl 

0 

1 1 1 1 
(d) (e) 

EXTERNAL CLOCK RC·OSCILLATOR 

XTAll XTAL2 

N.C. 

Voo 

(~ (g) 

Figure 22. Alternative Oscillator Configurations 
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OSCILLATOR TYPE SELECTION GUIDE 

Cl EXT. (pF) C2 EXT. (pF) MAX. RESONATOR 

RESONATOR f(MHz) OPTION MIN. MAX. MIN. MAX. SERIES RESISTANCE 

Quartz 0.032 32kHz 0 0 5 15 15k!l(1) 

Quartz 1.0 OSC.2 0 30 0 30 SOOQ 

Quartz 3.58 OSC.2 0 15 0 15 100Q 

Quartz 4.0 OSC.2 0 20 0 20 75Q 

Quartz 6.0 OSC.3 0 10 0 10 SOQ 

Quartz 10.0 OSC.4 0 15 0 15 SOQ 

Quartz 12.0 OSC.4 0 10 0 10 40 Q 

Quartz 16.0 OSC.4 0 15 0 15 20Q 

PXE 0.455 OSC.2 40 50 40 50 10Q 

PXE 1.0 OSC.2 15 50 15 50 100Q 

PXE 3.58 OSC.2 0 40 0 40 10 Q 

PXE 4.0 OSC.2 0 40 0 40 10 Q 

PXE 6.0 OSC.2 0 20 0 20 5Q 

PXE 10.0 OSC.3 0 15 0 15 6Q 

PXE 12.0 OSC.4 10 40 10 40 6Q 

LC OSC.2 20 90 20 90 IOI'H= 1 0 
I00I'H=50 
1 mH = 750 

NOTE: 
1. 32 kHz quartz crystals with a series resistance higher than 15 kO will reduce the guaranteed supply voltage range to 2.5 -3.5V. 
2. The equivalent circuit data of the internal oscillator compares with that of matched crystals. 

OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 23) 

PARAMETER OPTION SYMBOL CONDITION MIN. TYP. MAX. UNIT 

T ran sconductance 32kHz 9m T = +25 °C; VDD = 4.5V 15 - I's 
05c.2 9m T = +25 °C; VDD = 4.5V 200 600 1000 1'5 
05c.3 9m T = +25 °C; VDD = 4.5V 400 1500 4000 I's 
05c.4 9m T = +25 °C; VDD = 4.SV 1000 4000 10000 I's 

Input Capacitance 32 kHz Cl i 3.0 - pF 
Osc.2 Cl i 8.0 - pF 
05c.3 Cl i 8.0 - pF 
05c.4 Cl i 

8.0 - pF 

Output Capacitance 32kHz C2j 23 - pF 
Osc.2 C2j - 8.0 - pF 
05c.3 C2j 8.0 - pF 
05c.4 C2j - 8.0 - pF 

Output Capacitance 32 kHz R2 3800 - kQ 
05c.2 R2 65 kO 
05c.3 R2 18 - kO 
05c.4 R2 5.0 kO 
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1.7.3 RC Oscillator (see Figurre 16) 
The externally adjustable RC-osciliator has a frequency range from 100kHz to 500 kHz. 

XTAL1 ------~~--~--~------~~--------_.------~--XTA~ 

-(kHz) 

L--

_C1i ___ v1_t--+-_gm __ ~R2_J C2j 

SCHYTT 
TRIGGER 

600 

4IJO 

200 

o 

Figure 23. equivalent Circuit Diagram 

~ 
\ 

"-" 
"'--. 

RC(I"') 

Figure 24. Frequency as a Function of RC 
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1.8 Reset Circuitry 
To initialize the 8OCL51, a reset is performed 
by either of two methods: 
-via the RST pin 
-via a power-an-reset 

It leaves the internal registers as follows: 

REGISTER CONTENT 
ACC 0000 0000 
B 00000000 
DPL 00000000 
DPH 0000 0000 
lEND 00000000 
IENl 00000000 
IPO XXOOoooo 
IPI 00000000 
IXI 00000000 
IRQ1 0000 0000 
PCH 00000000 
PCl 0000 0000 
PCON OXXXOOOO 
PSW 00000000 
PO-P3 1111 1111 
SOBUF XXXXXXXX 
SOCPN 00000000 
SP 00000111 
TCON 0000 0000 
THO, THI 00000000 
TLO, THI 0000 0000 
TLO, Tll 0000 0000 
TMOD 00000000 

The reset state of the port pins is mask
programmable and can therefore be defined 
by the user. 

RST 

The standard reset value for port PO-P3 is 
1111 1111 . 

The reset input to the 8OCl51 is RST pin 9. A 
Schmitt trigger qualifies the input for noise 
rejection. The output of the Schmitt trigger is 
sampled by the reset circuitry every machine 
cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes lOW. 

The internal RAM is not affected by reset. 
When Voo is turned on the RAM contents are 
indeterminate. 

1.8.1 Power·on reset 
The 80el51 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as VOD exceeds 
1.3V. As soon as the minimum supply voltage 
is reached, the oscillator will start up. 
However, to ensure that the oscillator is 
stable before the controller starts, the clock 

ff 
0 SCHMIn 

TRIGGER 

/j7 

Figure 25. Reset Configuration at RST Pin 
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signals are gated away from the CPU for a 
further 1536 oscillator periods. 

A hysteresis of approximately 50 mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-<ln by connecting the RST pin to Voo 
via a 10J.1F capacitor. At power-<ln, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 

internal resistor RRST to ground. The larger 
the capacitor, the more slowly V RST 
decreases VRST must remain above the lower 
threshold of the Schmitt trigger long enough 
to effect a complete reset. The time required 
is the oscillator start-up time, plus 2 machine 
cycles. 

2.0 INSTRUCTION SET (see page 25) 
The 80Cl51 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 
16 three-byte instructions. When using a 
12 MHz oscillator, 64 instructions execute in 
1 J.1S and 45 in 2J.1S. Multiply and divide 
instructions execute in 4J.ls. 

RESET 
CIRCUITRY 
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SUPPlY 
VOlTAGE 

POWER~N 
RESET ONTERNAL) 

OSClUATOR 

CPU RUNNING 

START-UP 
TIME 

1536 OSCILLATOR 
PERIODS DELAY 

Figure 26. Power-on Reset Switching Level 

Vee----~--------------------------_, 

Veer---

80CL51 

RST 

Figure 27. Recommended Power-on Reset Circuitry 
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INSTRUCTION SET 

I I BYTES I OPCODE 
MNEMONC DESCRIPTION ICYCLES (HEX.) 

Arithmetic Operations 

ADD A,Rr Add register to A 1 1 2S· 

ADD A,direct Add direct byte to A 2 1 25 

ADD A@R Add indirect RAM to A 1 1 26,27 

ADD A,#data Add immediate data to A 1 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3· 

ADDC A,direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@R Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9· 

SUBB A,direct Subtract direct byte from A with borrow 2 1 95 

SUBS A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUSS A,#data Subtract immediate data from A with borrow 2 1 94 

INC A IncrementA 1 1 04 

INC Rr Increment register 1 1 O· 

INC direct Increment direct byte 2 1 05 

INC @R Increment indirect RAM 1 1 06,07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 I" 

DEC direct Decrement direct byte 2 1 15 

DEC @R Decrement indirect RAM 1 1 16,17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB Multiply A & S 1 4 A4 

DIV AB Divide A by S 1 4 84 

DA A Decimal adjust A 1 1 04 

logic Operations 

ANL A,Rr AND register to A 1 1 5· 

ANL A,direct AND direct byte to A 2 1 55 

ANL A@R AND indirect RAM to A 1 1 56,57 

ANL A,#data AND immediate data to A 2 1 54 

ANI direct,A AND A to direct byte 2 1 52 

ANL direct,#data AND immediate data to direct byte 3 2 53 

ORL A,Rr OR register to A 1 1 4· 

ORL A,direct OR direct byte to A 2 1 45 

ORL A,@Ri OR indirect RAM to A 1 1 46,47 

ORL A,#data OR immediate data to A 2 1 44 

ORL direct,A OR A to direct byte 2 1 42 

ORL direct, #data OR immediate data to direct byte 3 2 43 

XRL A,Rr Exclusive-OR register to A 1 1 6· 

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-OR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 
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INSTRUCTION SET (Continued) 

I I BYTES I OPCODE 
MNEMONC DESCRIPTION ICYCLES (HEX.) 

logic Operations (Continued) 

CPl A Complement A I I F4 

Rl A Rotate A left I I 23 

RlC A Rotate A left through the carry flag I I 33 

RR A Rotate A right I I 03 

RRC A Rotate A right throught the carry flag t I 13 

SWAP A Swap nibbles within A I I C4 

Data transfer 

MOV' A,Rr Move register to A I I E' 

MOV A,direct Move direct byte to A 2 t E5 

MOV A@R Move indirect RAM to A I I E6, E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 I F' 

MOV Rr,direct Move direct byte to register 2 2 A' 

MOV Rr,#data Move immediate data to register 2 I r 
MOV direct,A Move A to direct byte 2 I F5 

MOV direct,Rr Move register to direct byte 2 2 8' 

MOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM I I F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 I 76, 77 

MOV DPTR,#dataI6 load data pointer with a 16·bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A I 2 83 

MOVX A,@Ri Move external RAM (8·bit address) to A I 2 E3, E3 

MOVX A,@DPTR Move external RAM (16·bit address) to A I 2 EO 

MOVX @Ri,A Move A to external RAM (8·bit address) I 2 F2, F3 

MOVX @DPTR,A I:JK)V A to external RAM (1 6·bit address) I 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A I I C' 

XCH A,direct Exchange direct byte with A 2 I C5 

XCH A,@Ri Exchange indirect RAM with A I I C6,C7 

XCHD A,@Ri Exchange LOW·order digit indirect RAM with A I I D6, D7 
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INSTRUCTION SET (Continued) 

I I BYTES I OPCODE 
MNEMONIC DESCRIPTION ICYCLES (HEX.) 

Bit-Operations 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SETB C Set carry flag 1 1 D3 

SETB bit Set direct bit 2 1 D2 

CPL C Complement carry flag 1 1 B3 

CPL bit Complement direct bit 2 1 B2 

ANL C.bit AND direct bit to carry Hag 2 2 82 

ANL C,Ibit AND direct bit to carry flag 2 2 BO 

ORL Cbit OR direct bit to carry flag 2 2 72 

ORL C/bit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to direct bit 2 2 92 

Program and Machine Control 

ACALL addrll Absolute subroutine call 2 2 **laddr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine ! 2 22 

RETI addr!! Return from interrupt 1 2 32 

AJMP addr16 Absolute jump 2 2 **laddr 

LJMP rei Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

JB bit, rei Jump if direct bit is set 3 2 20 

JNB bit,rel Jump if direct bit is not set 3 2 30 

JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct ,rei Compare direct to A and jump if not equal 3 2 B5 

CJNE A, #data, rei Compare immediate to A and jump if not equal 3 2 B4 

CJNE Rr,#data,rel Compare immediate to reg. and jump if not equal 3 2 B> 

CJNE @Ri,#data,rel Compare immediate to indo and jump if not equal 3 2 86,B7 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D> 

DJNZ direct,rel Decrement direct and jump if not zero 3 2 D5 

NOP No operation 1 1 00 

NOTES: 
Data addressing modes: 
Rr Working register RO - R7 
direct 128 internal RAM locations and any special function register (SFR) 
@Ri Indirect internal RAM location addressed by register RO or Rl. 
#data 8-bit constant included in instruction 
bit Direct constant included in instruction 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program memory 

address space, 
addrll 

rei 

II-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program memory as 
the first byte of the following instruction. 
Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to + 128 bytes relative to first 
byte of the following instruction. 

Hexadecimal opcode cross-reference 
:8,9, A, 8 ,C ,D ,E ,F 
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•• :11.31.51.71.91.Bl.Dl.F1. 
••• :01.21.41.61.81.Al.Cl,E1. 
3.0 RATINGS 
Umiting values in accordance with the Absolute Maximum System (IEC 134) 

PARAMETER SYMBOL 

Supply voltage (pin 40) Voo 

All input voltages VI 

DC current into any input or output 11,10 

Total power dissipation ProT 

Storage temperature range TSTG 

Operating ambient temperature range TAMB 

Operating junction temperature TJ 
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MIN. MAX. UNIT 

-0.5 +6.5 V 

-0.5 Voo+0.5 V 

5 rnA 

- 300 mW 

-65 +150 °C 

-40 +85 °C 

125 °C 



Philips Semiconductors Microcontroller Products Preliminary specification 

Low-voltage single-chip 8-bit microcontroller 80CL51 

4.0 DC CHARACTERISTICS 
Vss = oV; TAMB = -40 to +85°C; all voltages w~h respect to Vss unless otherwise specified. 

PARAMETER CONDI110NS SYMBOL MIN. TYp. MAX. UNIT 

Supply voltage Vss=OV Voo 1.8 - 6.0 V 

RAM retention in power down mode Voo 1.0 - - V 

Supply current operating (note 1) 

OSC 1 option 'elk=32 KHz 100 - - 50 jIA 
Voo = 1.8V 
TAMB - 250C 

OSC20ption 'elk = 3.58 MHz 100 - - 2.5 rnA 
Voo=3V 

OSC30ption 'elk = 12 MHz 100 - - 18 rnA 
Voo=5V 

Idle Mode (Note 2) 

OSC 1 option 'elk =32 KHz 100 - - 25 jIA 
Voo = 1.8V 
TAMB = 25°C 

OSC20ption 'elk = 3.58 MHz 100 - - 1.0 rnA 
Voo=3V 

OSC30ption 'elk = 12 MHz 100 - - 7.5 rnA 
Voo = 5V 

Power down (note 3) Voo= 1.8V, Ipo - 10 jIA 
TAMB=25°C 

Inputs 

Input voltage LOW Vll Vss - 0.3Voo V 

Input voltage HIGH VIH 0.7Voo - Voo V 

Input current logic 0 Voe = 5V, VIN = O.4V III - 100 jIA 
(Port 1. 2, 3) Voo= 2.SV, VIN = 0.4V III SO jIA 

Input current logic 1 to 0 transition Voo = 5V, VIN = Vool2 III - - 1.0 rnA 
(Port 1,2, 3) Voo = 2.5V, VIN = Vool2 III - - 500 jIA 

Input leakage current 
(PortO, EA) VSS<VI<VOO +/lll - - 10 jIA 

Outputs 

Output sink current LOW Voo = 5V, VOL = 0.4V IOl 1.6 
Voo = 2.5V, VOL = 0.4V IOl 0.7 - - rnA 

Output source current HIGH Voo=SV 
(push-pull options only) VOH = Voo ~.4V -IOH 1.6 - rnA -

Voo=2.5V 
0.7 rnA 

VOH = Voo ~.4V -IOH 

RST pull-down resistor RRST 10 - 200 kn 

NOTES: 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with I, = ~ = IOns; Vll = Vss; VIH = Veo; XTAL 2 

not connected; EA = RST = Port 0 = Voo; all open drain outpuls connected to Vss. 
3. The idle mode supply current is measured with all outpUI pins disconnected; XTAL 1 driven with t,. = tf = IOns; Vil = Vss. XTAL 2 not 

connected; EA = Port 0 = Veo; RST = Vss; all open drain outputs connected to Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL 1 not connecled; EA = Port 0 = Veo; RST = Vss; all open drain 

outputs connected 10 Vss. 
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5.0 AC CHARACTERISTICS 
voo = 5 V; vss = OV; T ani> = -40 to -Hl5°C; CL = so pF for Port 0, ALE and PSEN; CL = 40 pF for all other outputs, unless otherwise specified. 

PROGRAM MEMORY (See Figure 28) 

VARIABLE CLOCK 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

ALE pulse duration It.L 2Tcl(""40 - - ns 

Address set-up time to ALE IAL TCK-4O - - ns 

Address hold time to ALE It.A TCK-35 - - ns 

"Time from ALE to control pulse PSEN It.c TCI(""25 - - ns 

Time from ALE to valid instruction input It.IV - - 4TcK-100 ns 

Control pulse duration PSEN Icc 3TcK-35 - - ns 

Time from PSEN to valid instruction input IeIV - - 3TcK-125 ns 

Input instruction hold time after PSEN lei 0 - - ns 

Input instruction float delay after PSEN IeIF - - TCK-20 ns 

Address to valid instruction inpul IAlv - - 5TcK-115 ns 

Address floal time to PSEN lAm 0 - - ns 

EXTERNAL DATA MEMORY (See Rgures 29 and 30) 

VARIABLE CLOCK 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

RD pulse duration IRR 6TcK-100 - ns 

WR pulse duration tww 6TcK-100 - ns 

Address hold time after ALE It.A TCI(""35 - - ns 

RD to valid data input tRO TCK-35 - 5TcK-165 ns 

Data float delay after RD IoFR - - 2TcK-70 ns 

"Time from ALE to valid data input It.o - - 8TcK-1SO ns 

Address to valid data input lAO - - 9TcK-165 ns 

Time from ALE 10 RD and WR It.w 3TcK-50 3TcK+50 ns 

Time from address to RD and WR tAW 4TcI(""130 - - ns 

"Time from RD or WR HIGH 10 ALE HIGH tWHLH TCK-40 - TCK-40 ns 

Data valid to WR transition Iowx TCK-60 - - ns 

Dala sel-up lime before WR low TCK-150 - - ns 

Data hold time after WR Iwo TCK-SO - ns 

Address floal delay after RD (note 1) tWAFR - - 12 ns 

NOTE: 
1. Interfacing the 80CL51 to devices with float times up to 75 ns is permitted. This limited bus connection will not cause damage to Port 0 

drivers. 
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Figure 28. Read from Program Memory 
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'AD 

PORT2 ) ADDRESS loa TO A 15 OR PORT 2 OUT 

Figure 29. Read from Data Memory 
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twHLH 

AI.£ 

/------tww ----->oj 
~ ________ ~------~ v------

...... twx...:::.=.---tow -------.joo--two 

PORTO DATA OUTPUT 

PORT2 ADDRESS AI TO A1S OR PORT 2 OUT 

Figure 3D. Wrlle 10 Dala Memory 
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Figure 31. Instruction Cycle Timing 
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6.0 CHARACTERISTICS CURVES 

O.7Voo O.7Voo 

O .. voo,-----~)<? TEST~Nffi«"'_ _____ _ 
O.4Voo-----J -

O.3Voo O.avOD 

Figure 32. AC Testing Input Waveform 

1~ -----------------------------------
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t:========::::...---.J-----------------~_. VIN 
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Figure 33. Input Current at VDD = 5V 
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Figure 34. Frequency Operating Range 
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DESCRIPTION 
The 8OCL52 is manufactured in an advanced 
CMOS technology. The instruction set of the 
80CL52 is based on that of the 8051. The 
80CL52 is an 8-bit general purpose 
microcontroller especially suited for cordless 
telephone applications. The device has low 
power consumption and a wide range of 
supply Voltage. For emulation purposes, the 
85CL781 (Piggy-back version) with 256 bytes 
of RAM is recommended. The 80CL52 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-<lown. The 8OCL52 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 

ORDERING INFORMATION 

FEATURES 
• Full static 8OC51 CPU 

• 8-bit CPU, ROM, RAM, liD in a single 
package 

• 8K x 8 ROM, expandable externally to 64K 
bytes 

• 256 bytes RAM, expandable externally to 
64Kbytes 

• Four 8--bit ports, 32 liD lines 

• Three 16-bittimer/eventcounters 

• External memory expandable up to 128K, 
external ROM 

• up to 64K andlor RAM up to 64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fourteen source, fourteen vector interrupt 
structure with two priority levels 

PHILIPS PART ORDER PHILIPS NORTH AMERICA 3 
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• Full duplex serial UART 

• Enhanced architecture with: 

non-page oriented instructions 

direct addressing 

- four eight byte RAM register banks 

stack depth limited only by available 
intemal RAM (max. 256 bytes) 

multiply, divide, subtract and compare 
instructions 

• Power-down and I DLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8 V to 6.0 V 

• Frequency range of 32 kHz to 12 MHz 

• Very low current consumption 

• Operating temperature range: -40 to 
+85°C 

NUMBER PART MARKING PART ORDER NUMBER TEMPERATURE RANGE·C DRAWING 

ROMless ROM ROMless ROM AND PACKAGE FREQUENCY NUMBER 

P80CL32HFP P80CL52HFP P80CL32HFP N P80CL52HFP N -40 to +85 40--Pin Plastic Dlp1 32KHz to 12MHz SOTt29 

P80CL32HFH P80CL52HFH P80CL32HFH B P80CL52HFH B -40 to +85 44-Pin Plastic QFP2 32KHz to 12MHz SOT205 
NOTES. 
1. DIP = Dual In-line Package 
2. QFP = Quad Flat Pack 
3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 

PIN CONFIGURATIONS 

INT2IT2 Pl.D 1 VDD 1il 
INT3IT2EX Pl.1 2 PO.O ADO ~ ~ 

INT4 Pl.2 3 PO.1 AD1 ~ ~ ~ ...... 8 S S z z z z z 
~ ~ ~ ~ & Q '!!' II ~ 

7 PO.2AD2 Q C! 
Ii: Ii i5: Ii: Ii: !il > ~ ~ ~ 

INT& PIA 5 PO.3 AD3 

5 PO.4AD4 

INT8Pl.& 7 1'0.5 ADS Pl.5JlNT1 1 PO.41AD4 

3 PO.&AD6 Pl.&nNT8 2 PQ.S/ADS 

PO.6/AD6 

PO.7/AD7 
RxD/data P3.0 

Ell P3.D/RXDtdata 5 
TxD/clock P3.1 ALE NC 

1IrnIP3.2 1 9 l'SER 8OCL52HFH 
P3.1/TXD/cloek 7 ALE 

mTiP3.3 1 
P3.2iINTII 8 PSER 

TO P3.4 7 P2.6 A14 P3.3/1RTl 9 P2.7/A15 

T1 P3.S P3.4/TO P2.6/A14 

WRP3.6 1 P2.4 AI2 P3.5!T1 P2.5/A13 

XTAL2 a: ~ !j .::; ., ., .. 0 

~ 
., ., " 

~ XTAU 1 P2.1 A9 rs j! ;! > ~ '! 
~ >< >< ~ ~ 

Vss P2.0A8 
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PIN DESCRIPTIONS 

PIN DESIGNATION FUNCTION 

40 Pl.01lNT2IT2 Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pullups. Port 1 pins thai have 1 s 
41 P1.1/INT3IT2EX written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 
42 Pl.21INT4 The Port 1 output buffer can sink/source 4 LS TTL loads. As inputs, Port 1 pins that are 
43 P1.3/1NT5 externally pulled LOW will source current (Ill in the characteristics) due to the internal 
44 P1.4/1NT6 pullups.Porll also serves the alternative functions INT2 to INT9, and Timer T2 external input. 
1 Pl.51INT7 
2 Pl.6I1NT8 
3 P1.7/INT9 

4 RST Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 

5,7-13 P3.0-P3.7 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. The Port 3 output buffers 
can sink/source 4 LS TTL inputs. Pori 3 pins that have 1 s written to them are pulled HIGH by 
the internal pull-ups, and in that state can be used as inputs. As inputs, Pori 3 pins that are 
externally pulled LOW will source current (Ill in the characteristics) due to the internal pull-Ups. 

5 P3.0IRXD/data RXD/data: serial pori receiver data input (asynchronous)or data input/output (synchronous) 

7 P3.11TXD/clock TXD/clock: serial port transmitter data output (asynchronous) or clock output (synchronous) 

8 P3.2/lIIITO INTO: External interrupt O. 

9 P3.311NTI INn: External interrupt 1. 

10 P3.41T0 TO: Timer 0 external input. 

11 P3.5ITI n : Timer 1 external input. 

12 P3.6!WR WR: External data memory write strobe. 

13 P3.71RD" "1m: External data memory read strobe. 

14 XTAL2 Crystal output: output of the inverting amplifier of the oscillator. Left open when external clock 
is used.Crystallnput: input to the inverting amplifier of the oscillator, also the input for an exter-
nally generated clock source. 

15 XTAL1 Crystal Input: Input to the inverting amplifier of the oscillator; also the input for an externally 
generated clock source. 

16 Vss Ground: Circu~ ground potential. 

17 TestlVss Test Input: must be connectd to Vss or left open. 

18-25 P2.0-P2.7 Port 2: Pori 2 is an 8-bit bidirec!ionalllO pori with internal pullups. Pori 2 pins that have 1 s writ-
ten to them are pulled HIGH by the internal pull ups, and in that state can be used as inputs. The 
Pori 2 output buffer can sink/source 4 LS TTL loads. Port 2 emits the high-order address byte 
during accesses to external memory that use IS-bit addresses (MOVX @DPTR). In this applica-
tion it uses the strong internal pullups when emitting 1 s. During accesses to external memory 
that use 8-bit addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 PSrn Program store enable output: read strobe to external program memory. When executing code 
out of external program memory, PSrn is activated twice each machine cycle. However, during 
each access to external data memory two PSrn activations are skipped. 

27 ALE Address Latch Enable: output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 116 of the oscillator frequency, and may 
be used for external timing or clocking purposes. 

29 E( External Access: When E( is held High the CPU executes out of internal program memory 
(unless the program counter exceeds 1 FFFH). Holding E( LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter. 

30-37 PO.O-POO.7 Port 0: POri 0 is an 8-bit open drain bidirectional 110 pori. As an open drain output pOri it can 
sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in that state will function 
as high impedance inputs. Port 0 is also the multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting logic 
1 s.Power supply 

38 Voo Power supply. 
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1.0 FUNCTIONAL DESCRIPTION 

General 
The 8OCL52 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation. industrial control. 
intelligent computer peripherals and 
consumer products. 

The device provides handware features. 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of data 
storage. 

The 80CL52 contains a non-volatile 8K byte x 
8 read-only program memory; a static 256 byte 
x 8 readlwrite data memory; 321/0 lines; three 
16-billimer/event counters; a fourteen-source 
two priority-level, nested interrupt structure and 
on-chip oscillator and timing circuit. 

The device has two software selectable modes 
of reduced activity for power reduction; IDLE 
and Power-down. The Idle mode freezes the 
CPU while allowing the RAM, timers, serial 1/0 
and interrupt system to continue functioning. 
The Power-down mode saves the RAM 
contents but freezes the oscillator causing all 
other chip functions to be inoperative. 

In addition, the device provides a standard 
UART serial interface. 

CPU timing 
A machine cycle consists of a sequence of 6 
states. Each stale time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 ms if the oscillator 
frequency is 12 MHz. 

Note: This datasheet covers only the special 
features of the 80CL52. For details on the 
80CL52 core and the 12C-bus function s see the 
user manual: 

SINGLE-CHIP 8-BIT MICROCONTROLLER 
(USER MANUAL) 

- The MAB8051/C51 microcontroller 
family. 

1.1 Memory organization 
The 8OCL52 has a 8K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on beand. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 80CL52 can address up to 64K bytes 
of external memory. The CPU generates both 
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read and write signals (RD and WR) for 
external Data Memory accesses, and the 
read strobe (PSEN) for external Program 
Memory. 

1.1.1 Program Memory 
The 8OCL52 contains 8K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower BK bytes of 
Program Memory can be implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to Voo, then program 
memory fetches from addresses OOOH 
through 1 FFFH are directed to the intemal 
ROM. Fetches from addresses 2000H 
through FFFFH are directed to external ROM. 
Program counter values greater than 1 FFFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

Please note that the first version of OOCL52 
does not support automatic memory 
switching for addresses greater than 
1 FFFH. For customers using more than Bk 
byte memory It is recommended to work in 
external mode only. The automatic memory 
switching will be supported by a second 
version of OOCL52, becoming available in 
the 2nd half of 1993. 

1.1.2 Data Memory 
The BOCL52 contains 256 bytes of internal 
RAM and 32 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directiy and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 
locations 128-255 are only direcHy 
addressable. 

1.1.3 Special Function Registers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial 1/0 registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

1.1.4 Addressing 
The 80CL52 has five methods lor addressing 
source operands: 

- Register 
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- Direct 

- Register-Indirect 

- Immediate 

Base-Register-plus 
Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 
Registers in one 01 the four register 
banks through register, direct or indirect. 

Internal RAM (256 bytes) through direct 
or register-indirect. 

Special Function Register through 
Direct. 

External data memory through 
Register-Indirect 

Program memory look-up tables through 
Base-Register-plus 
index-Register-indirect. 

1.2 1/0 Facilities 
1.2.1 Ports 
The 80CL52 has 32 1/0 lines treated as 32 
individually addressable bits or as four 
parallel8-bit addressable ports. Port 0, 1, 2 
and 3 perform the following alternate 
functions: 

- Port 0: provides the multiplexed low-onder 
address and data bus for 
expanding the device with 
standand memories and 
peripherals. 

-Port 1: 

(1) provides the inputs for the 
external interrupts INT2/INT9. 

(2) External counter/capture of Timer 2 

- Port 2: provides the high-order address 
when expanding the device with 
external program 

- Port 3: pins can be configured individually to 
provide: 

(1) external interrupt request inputs 

(2) counter input 

(3) control signals to read and write to 
external memories 

(4) UART input and output 
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OTo enable a Port 3 pin alternate function. the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special Function 
Registers PO to P3). an output driver and an 
input buffer. Ports 1.2.3 have internal pull-ups. 
Figure 4(a) shows that the strong transistor pl 
is turned on for only 2 oscillator periods after a 
O-to-l transition in the port latch. When on. it 
turns on p3 (a weak pull-up) through the 
inverter. This inverter and p3 form a latch which 
hold the 1. In Port 0 the pull-up pl is only on 
when emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can be 
used as a high-impedance input. 

1.2.2 Port Options 
Thirty of the 32 parallel port pins may be 
individually configured with one of the 
following options (see Figure 4). Please note 

FROM 
PORT 

LATCH 
a 

(a) 

INPUT DATA 

READ PORT PIN 

(b) FROM 
PORT 
LATCH 

a 

FROM 
PORT 
LATCH 

a . 
INPUT DATA ... 

(e) 

READ PORT PIN 
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that the options of port Pl.6IPl.7 are fixed to 
2S (open drain) on the first version of 
8OCL52. A second version of 8OCL52 will 
become available in the 2nd half of 1993. 
where all options can be chosen for port 
Pl.6/Pl.7. 

Option 1: Standard Port; quasi-bidirectional 
110 with pull-up. The strong 
booster pull-up p 1 is turned on for 
two oscillator periods after a 0-10-1 
transition in the port latch (see 
Figure 4(a». 

Option 2: Open drain; quasi-bidirectional I/O 
with n-<:hannel open drain output 
Use as an output requires the 
connection of an external pull-up 
resistor (see Figure 4(c». This 
option does not include the internal 
protection diode against Vee for 
port Pl.6 and Pl.7. 

STRONG PUll. UP 

STRONG PULL UP \+5V 

~~ I 

1 INPUT BUFFER 

Figure 4. Ports 
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Option 3: Push-Pull; output with drive 
capability in both polarities. Under 
this option. pins can only be used 
as outputs (see Figure 4(b». 

Thedefinition of port options for port 0 is slighdy 
different. Two cases have to be examined. 
First. accesses to external memory (EA=<> or 
access above the built -in memory boundary). 
second. 110 accesses. 

External Memory Accesses 
Option 1: Tnue 0 and 1 are written as address 

to the external memory (strong 
pull-up is used). 

Option 2: An external pull-up resistor is 
needed for extemal accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be 
used as output. 

110 PIN 

+5V 

EXT. 
PUll. UP 
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110 Accesses: 
Option 1: When writing a 1 to the port-latch, 

the strong pull-up p 1 will be on for 
2 oscillator periods. No weak 
pull-up exists. Without an external 
pull-up, this option can be used as 
a high-impedance input 

Option 2: Open drain; quasi-bidirectional 110 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull-up 
resistor (see Figure 4(c». 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. 

Option S: SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 

1.3 Timer/event counter 
The 80CL52 contains three 16-bit 
limer/Counter registers; limer 0, limer 1 and 
limer2 which can perform the following 
functions: 

Measure time intervals and pulse 
durations 

- Count events 

Generate interrupts requests 

limer 0 and limer 1 can be independently 
programmed to operate as follows: 

Mode 0; 8-bit timer or counter with 
divide-by-32 prescaler 

Mode 1; 16-bit time-interval or event 
counter 

Mode 2; 8-bit time interval or event 
counter with automatic reload upon 
overflow 

Mode 3; limer 0 establishes TLO and 
THO as two separate counters. 

In the "limer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator periods, 
the count rate is 1112 of the oscillator frequency. 

In the "Counter" function, the register is 
incremented in response to a l-to-O transition. 
Since it takes 2 machine cycles (24 oscillator 
periods) to recognize a l-to-O transition, the 
maximum count rate is 1124 of the oscillator 
frequency. To ensure a given level is sampled, 
it should be held for at least one full machine 
cycle. 

1.3.1 Timer 2 
limer 2 is a 16-bit limer/Counter. Like limers 
o and 1, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
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in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table 1. 

Table 1 Timer 2 Operating Modes 
RTCLK CPfR[S TR2 Mode 

0 0 1 16-bit 
Auto-Reload 

0 1 1 16-bit 
Capture 

1 X 1 Baud Rate 
Generator 

X X 0 (off) 

In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. If 
EXEN2=O, then limer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the limer 2 overflow bit, which can be used to 
generate an interrupt. If EXEN2=l, then limer 
2 still does the above, but with the added 
feature that a l-to-O transition at external input 
T2EX causes the current value in the limer 2 
registers, TL2 and TH2, to be captured into 
registers RCAP2L and RCAP2H, respectively. 
In addition, the transition at T2EX causes bit 
EXF2 in T2CON to be set, and EXF2, like TF2, 
can generate an interrupt. The Capture Mode 
is illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=O, then when limer 2 rolls 
over it not only set TF2 but also causes the 
limer 2 registers to be reloaded with the 16-bit 
value in registers RCAP2L and RCAP2H, 
which are preset by software. If EXEN2= I, the 
limer 2 still does the above, but with the added 
feature that a l-to-O transition at external input 
T2EX will also trigger the 16-bit reload and set 
EXF2. 

Theauto-relaod mode is illustrated in Figure 7. 

The baud rate generator mode is selected by 
RTCLK= 1. It will be described in conjunction 
with the serial port. 

Conversion alreadY in progress is aborted 
when the Power-down mode is entered. The 
result of a completed conversion (ADCI = logic 
1) remains unaffected when entering the Idle 
mode. 

1.4 Idle and Power-down 
operation 
Idle mode operation permits the interrupt, 
serial ports, timer blocks continue functioning 
while the clock to the CPU is halted. 
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The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

limer 0, limer 1, limer 2 

- SIO 

- External interrupt 

The Power -down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1.4.1 Power control register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 

7 6 54321 0 

Bit Symbol Function 

PCON.7 SMOD Double Baud rate bit. When 
set to logic 1 the baud rate 
is doubled when the serial 
port Sioo is being used in 
modes 1, 2, or 3. 

PCON.6 

PCON.5 

PCON.4 

PCON.3 GF! 

PCON.2 GFO 

PCON.! PD 

PCON.O IDL 

(reserved) 

(reserved) 

(reserved) 

General-purpose Ilag bit 

General-purpose flag bit 

Power-down bit. Setting 
this bit activates 
Power-down mode. 

Idle mode bit. Setting this 
bit activates the Idle mode 

Illogic !sarewritten to PDand IDLatthesame 
time, PD takes precedence. The reset value of 
PCON is (OXXOOOOO). 

1.4.2 Power-down mode 
The instruction setting PCON.l is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1.4.3 Wake-up mode 
Setting the PD flag in the PCON register 
lorces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken-up from the Power-down mode 
with either the extemal interrupts INT2/INT9, 
or a reset operation. 
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Symbol 
TF2 

EXF2 

RTCLK 

EXEN2 

TR2 

Cm 

CIRI2 

GF2 
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Position 
T2CON 

T2CON 

T2CON.4 

T2CON.3 

T2CON.2 

T2CON.1 

T2CON.1 

MSB 

SMO SM1 Mode Description Baud Rate 
0 0 0 shift register foscl12 
0 8-bitUART variable 

a 2 9-bitUART foscl64 or fosc/32 
3 9-bit variable UART 

Name and significance 
Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 
will not be set when either RCLK = 1 or TCLK = 1. 

Timer 2 extemal flag set when either a capture or reload is caused by a negative 
transition on T2EX and EXEN = 1. When Timer 2 interrupt is enabled, EXF2 - 1 will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by 
software. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be 
used for the receive and transmit clock. 

Timer 2 extemal enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 

o causes Timer 2 to ignore events at T2EX. 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. (Timer 2) 
o = I ntemaltimer (OSC/12) 
1 = External event counter (falling edge triggered) 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1. When cleared, auto-reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1 . When either RCLK = 1 or TCLK = 1, this 
bit is ignored and the timer is forced to auto-reload on Timer 2 overflow. 

General purpose flag bit 

Figure 5_ T2CON: Timer/Counter 2 Control Register 

C/T2=o .------, 

fC/T2=1 
12 PIN ---------'-

HEX PIN 

EXEN2 

Figure 6. Timer 2 in Capture Mode 
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T2PIN------------' 

T2EXPIN 

EXEN2 

Figure 7. limer 2 in Auto-Reload Mode 

POWER-DOWN I I I 
RESET·PlN -------r---- n 

--- ---------
EXTERNAL INTERRUT - --- ---------
OSCILLATOR -

I/'" J II 
I\... I' 
j4----J ----J f4-

DELAY COUNTER .24 PERIODS 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1.4.3.1 Wake-up using INT2 I INT9 
If INT2 to INT9 are enabled, the BOCL52 can 
be woken-up from power-down mode with the 
external interrupts. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1.4.3.2 Wake-up using RESET 
To wake-up the BOCL52the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
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1536 PERIODS 

Figure 8. Wake-up Operation 

before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

1.4.4 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table I. 
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There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
retum-fram-interrupt instruction RET!, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
ItoPCON.O. 

Flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
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peON.O can also set or clear one or both flag 
bits. When Idle mode is tenninated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of tenninating the Idle 
mode is with an extemal hardware reset. Since 
the oscillator is still running, the hardware reset 
is required to be ao,tiye ior two machine cycles 
(24 oscillator periods) to complete the reset 
operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, VDO may be reduced 
to minimize power consumption. However, the 
supply voltage must not be reduced until 
Power-down mode is active, and must be held 
active until the oscillator has restarted and 
stabilized. 

The status of the external pins during Idle and 
Power-down mode is shown in Table 2. If the 
Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored to 
Port 2. If the data is a logic 1 , the port pin is held 
HIGH during the Power-down mode by the 
strong pull-up transistor pI (see Rgure 4(a». 

1,5 Standard serial interface 
5100: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a previously 
received byte has been read from the register. 
(However, if the first byte still hasn't been read 
by the time reception of the second byte is 
complete, one of the bytes will be lost). The 
serial port receive and transmit registers are 
bolh accessed at Special Function Register 
SOBUF. Writing to SOBUF loads Ihe transmit 
register, and reading SOBUF loads the transmit 
register, and reading SOBUF accesses a 
physically separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/12 the oscillator frequency. 

Mocle 1: 10 bits are transmitted (through TxD) 
or received (through RxD): a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in Special Function 
Register SCaN. The baud rate is variable. 

Mocle 2: 11 bits are transmitted (through TxD) 
or received (through RxD): start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On Transmit, the 9th data bit 
(T88 in SCaN) can be assigned the value of 0 
or 1. Or, for example, the parity bit (P, in the 
PSW) could be moved intoTB8. On receive, the 
9th data bit goes into RB8 in Special Function 
Register SCaN, while Ihe stop bit is ignored. 
The baud rate is programmable to either 1/32 
or 1/64 the oscillator frequency. 

Mode 3: 11 bits are transmitted (through TxD) 
or received (through RxD): a start bit (0), 8 data 
bits (LSB first), a programmable91h data bit and 
a stop bit (1). In fact, Mode 3 is the same as 
Mode 2 in all respects except baud rate. The 
baud rate in Mode 3 is variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by the 
incoming start bit if REN = 1. 

1.5.1 Multiprocessor communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, Ihe serial port interrupt 
will be activated only if RB8 = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies the 
targetslave. An address byte differs from a data 
byte in that the 9th bit is 1 in an address byte and 
o in a data byte. With SM2 = I, no slave will be 
interrupted by a data byte. An address byte, 
however, will interrupt all slaves, so that each 
slave can examine the received byte and see 
if it is being addressed. The addressed slave 

will clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves that 
weren't being addressed leave their SM2s set 
and go on about their business, ignoring the 
coming data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 can 
be used to check the validity of the stop bit In 
a Mode 1 reception, if SM2 = I, the receive 
interrupt will not be activated unless a valid stop 
bit is received. 

1_5.2 Serial port control register 
The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 9. The register contains not only the 
mode selection bits, but also the 9th data bit 
for transmit and receive (TB8 and RB8), and 
the serial port interrupt bits (T! and RI). 

Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency 1 12. The 
baud rate in Mode 2 depends on Ihe value of 
bit SMOD in Special Function Register 
peON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = I, Ihe baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2SMOD 164 )(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
detennined by the Timer 1 or Timer 2 overflow 
rate. 

Using Timer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate = (2SMOD /32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in Ihis 
application. The Timer itself can be configured 
for either "timer" or "counter" operation, and in 
any of its 3 running modes. In most typical 
applications, it is configured for 'imer 
operation, in the auto-reload mode (high nibble 
of TMOD = 00108). In that case the baud rate 
is given by the formula: 

Table 2. Status of the External Pins During Idle and Power-down Mode 

MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 PORT 3 

Idle (1) internal 1 1 Port Data Port Data Port Data Port Data 

Idle (1) external 1 1 Floating Port Data Address Port Data 

Power-down internal 0 0 Port Data Port Data Port Data Port Data 

Power-down external 0 0 Floating Port Data Port Data Port Data 
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MSB LSB 

Where SMO, SM1 specify the serial port mode, as follows: 

SMO SMl Mode Description Baud Rate 
0 0 0 shift register fose/ 12 
0 1 8-bitUART variable 

1 0 2 9-bitUART fose/64 or fosc/32 

3 9-bit variable UART 

-SM2 
Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then RI will not be activated if the 
received 9th data bit (RBB) is D. In Mode 1, if SM2=1 then R1 will not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be D. 

-REN 
Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

-TBS 
Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

-RBS 
In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, it SM2=0, RBB is the stop bit that was received. In Mode 0, RBB is not 
used. 

-TI 
Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or at the beginning of the stop bit in the other modes, in 
any serial transmission. Must be cleared by software. 

-RI 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or haltway through the stop bit time in the other modes, in 
any serial reception except (see SM2). Must be cleared by software. 

Mode 1, 3 Baud Rate = {(2SMOD 132) x 
(Oscillator Frequency)} 1 {12 x (256 - (TH1)) 

One can achieve very low baud rates with Timer 
1 by leaving the Timer 1 interrupt enabled, and 
configuring the Timer to run as a 16-bit timer 
(high nibble of TMOD = 0001 B), and using the 
Timer 1 interrupt to do a 16-bit software reload. 
Table 2 lists various commonly used baud rates 
and how they can be obtained from Timer 1. 

Using Timer 2 to generate baud rates 
Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 10). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 10. 

The baud rate generator mode is similar to the 
auto-reload mode, in that a rollover in TH2 
causes the Timer 2 registers to be reloadedwith 
the 16-bit value in registers RCAP2H and 
RCAP2L, which are preset by software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 
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Figure 9. Serial Port control (SCON) Register 

Modes 1,3 Baud Rate = (Timer 2 Overflow 
Rate) 116 

The Timer can be configured for either "timer" 
or "counter" operation. In the most typical 
applications, it is configured for "timer" 
operation (C/T2 = 0). "Timer" operation is a little 
different for Timer 2 when it's being used as a 
baud rate generator. Normally, as a timer is 
would increment every machine cycle (thus at 
1/12 the oscillator frequency). As a baud rate 
generator, however, it increments every state 
time (thus at 1/2 the oscillator frequency). In 
that case the baud rale is given by the formula. 

Modes 1 ,3 Baud Rate = (Oscillator Frequency) 
1 {32 x (65536 - (RCAP2H, RCAP2L)} 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 10. This Figure is valid only if RTCLK = 
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1 in T2CON. Note that a rollover in TH2 does 
not set TF2, and will not generate an interrupt. 
Therefore, the Timer 2 interrupt does not have 
to be disabled when Timer 2 is in the baud rate 
generator mode. Note too, that if EXEN2is set, 
a l-to-O transition in T2EX will set EXF2 but will 
notcauseareloadfrom (RCAP2H, RCAP2L)to 
(TH2, TL2). Thus when Timer 2 is in use as a 
baud rate generator, T2EX can be used as an 
extra external interrupt, if desired. 

It shou Id be noted that when Timer 2 is running 
(TR2 = 1) in "timer" function in the baud rate 
generator mode, one should not try to read or 
write TH2 or TL2. Under these conditions the 
Timer is being incremented every state time, 
and the results of a read or write may not be 
accurate. The RCAP registers may be read, but 
shouldn't be written to, because a write might 
overlap a reload and cause write andlor reload 
errors. Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in this 
case. 
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Table 3. Timer 1 Generated Commonly Used Baud Rates 

BAUD RATE f..., SMOD err 
Mode 0 Max: 1 MHz 12 MHz x x 

Mode 2 Max: 375 K 12 MHz 1 x 

Modes 1,3: 62.5 K 12 MHz 1 0 

19.2K 11.059 MHz 1 0 

9.6K 11.059 MHz 0 0 

4.SK 11.059 MHz 0 0 

2.4K 11.059 MHz 0 0 

1.2K 11.059 MHz 0 0 

137.5K 11.986 MHz 0 0 

110 6MHz 0 0 

110 12 MHz 0 0 

I~----- NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT.2 

________ --11 Cf"l2=. 
T2PIN -

T2EX PIN ---l 
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TRANSllION C DETECTOR 

TR2 

'- ~""-:---':'--+-l-"B--
EXEN2 

"lIMER2 
INTERRUPT" 

L NOTE AVAILABlUTY OF ADDIlIONAL EXTERNAL INTERRUPT 

Figure 1 D. 11mer 2 in Baud Rate Generator Mode 
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TIMER 1 

MODE RELOAD VAlUE 

x x 

x x 

2 FFH 

2 FDH 

2 FDH 

2 FAH 

2 F4H 

2 ESH 

2 1DH 

2 72H 

1 FEEBH 

lIMER. 
OVERFLOW 

-- SMOD 
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1.6 Interrupt system 
Extemal events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
IWo-priority-level, nested interrupt system is 
provided. The 8OCL52 acknowledges 
interrupt requests from fourteen sources as 
follows: 

INTO through INT9 

1imer 0, Timer 1, and 1imer 2 

- UART 

INTERRUPT 
SOURCES 

IENoI1 IflO/l 

r--

xo 
i--

S. 
i--

TO 

i--

T2 
c--

X6 

r--
x, 

-
X2 

-
X7 

-
T1 

-
X3 

-
Xa 

i--
so 

I--
X4 

i--
X9 

'----

REGISTERS 

Q........-1c 
I 

&--.-{c 
....-: I o--rc 

I 
I 

0----.-fC 
O----.h 

I 

O---e{c 
I o--rc 
I 

o-fc 
I 

/' o----.-fC 
I 

o-Ic 
I 

O----.fc 
I 

o-rc 
---o----e-h 

I 

o-h 

GLOBAL 
ENABLE 

-

r--

. 
~ 

,.. 
~ 

~ 

~ 

-
~ 

~ 

,.. 
,.. 
~ 

'---

1,6.1 External Interrupts INT2/1NT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IXl register, each pin may 
be initialized to either active HIGH or LOW. 
IRQl is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

Each interrupt vectors to a separate location in 
program memory for its service routine. Each 

PRIORITY 

~ 
LOW 

P1.1 

Pl.6 

Pl.S 

P1.4 

w 
0 z 
w Pl.3 

8 w 
!II Pl.2 

" z 
3 
~ 

Pt.t 

b: 
:::> 
II: Pl.O 
II: w ... 
;!!; 

I 
.....;; 

'---
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source can be individually enabled or disabled 
by corresponding bits in the Interrupt Enable 
Registers (IE, lEO). The priority level is selected 
via the Interrupt Priority register (IPO, IP1). All 
enabled sources can be globally disabled or 
enabled. 

The port 1 interrupts are level sensitive. A port 
1 interrupt will be recognized when a level 
(HIGH or LOW depending on Interrupt Polarity 
Register IX1) on Plx is held active for at least 
one machine cycle. The Interrupt Request is 
not served until the next machine cycle. 

IX' lEN. IRQ. 

1-r----X9 

I---!.----XB 

I-flo---X7 

I-fHo--X6 

H-HW---X5 

I--lllII!.--X4 

H.IJIH...--X3 

WAKE-UP 

Figure 11, Interrupt System Figure 12. External Interrupt Configuration 
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Interrupt enable register IENO, IENl 
IENO(ASH) 

1~1~1~1_lffilrnl~I~1 
Bit Symbol Function 

IENO.7 EA General enable/disable 
control 

IENO.6 -
IE NO.5 ESl 
IENO.4 ESO 
IENO.3 ETl 
IENO.2 EXl 
IENO.l ETO 
IENO.O EXO 

IENl (ESH) 

o = no interrupt is enabled 
1 = any individually enabled 
interrupt will be accepted 
Enable T2 enterrupt 
Must be set to 0 by the user 
Enable UART SIO interrupt 
Enable timer Tl interrupt 
Enable external interrupt 1 
Enable limer TO interrupt 
Enable external interrupt 0 

Bit Symbol Function 
IEN1.7 EX9 Enableexternalinterrupt9 
IEN1.6 EX8 Enable external interrupt 8 
IEN1.5 EX7 Enable external interrupt 7 
lEN 1.4 EX6 Enable externalinterrupt 6 
IEN1.3 EX5 Enable external interrupt 5 
IEN1.2 EX4 Enable external interrupt 4 
IEN1.1 EX3 Enable external interrupt 3 
IEN1.0 EX2 Enable external interrupt 2 

where 0 = interrupt disabled 
1 = interrupt enabled 

Interrupt priority register IPO, IPl 
IPO(BSH) 

Bit 
bol Function 
IPO.7 Unused 

Sym 

IPO.6 PT2 limer 2 interrupt priority 
level 

IPO.5 PSl Unused 
IPO.4 PSO UART SIO interrupt priority 

level 
IPO.3 PTl limer 1 interrupt priority 
level 
IPO.2 PXl External interrupt 1 priority 

level 
IPO.l PTO limer 0 interrupt priority 
level 
IPO.O PXO External interrupt 0 priority 

level 

Interrupt priority is as follows: 
o = low priority 
1 = high priority 
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IPl (BSH) 

I~I~I~I~I~I~I~I~I 
Bit Symbol Function 

IP1.7 PX9 External interrupt 9 priority level 
IP1.6 PX8 External interrupt 8 priority level 
IP1.5 PX7 External interrupt 7 priority level 
IP1.4 PXS External interrupt 6 priority level 
IP1.3 PX5 External interrupt 5 priority level 
IP1.2 PX4 External interrupt 4 priority level 
IP1.l PX3 External interrupt 3 priority level 
IP1.0 PX2 External interrupt 2 priority level 

Interrupt polarity register IXl 
IXl (E9H) 

I~I~I~IMIMI~I~I~I 
Bit Symbol Function 

IX1.7 1L9 Externalinterrupt 9 polarity level 
IX1.6 ILa External interrupt 8 polarity level 
IX1.5 IL7 External interrupt 7 polarity level 
IX1.4 IL6 External interrupt 6 polarity level 
IX1.3 1L5 External interrupt 5 polarity level 
IX1.2 IL4 External interrupt 4 polarity level 
IX1.l IL3 External interrupt 3 polarity level 
IX1.0 112 External interrupt 2 polarity level 

Interrupt request flag register IRQ1 
IRQ1 (COH) 

I~I~I~I~I~I~I~I~I 
Bit Symbol Function 

IR01.? 109 External interrupt 9 request flag 
IR01.S las Externalinterrupt8 request flag 
IR01.5 10? External interrupt 7 request flag 
IR01.4106 Externalinterrupt6 request flag 
IR01.3105 Externalinterrupt5 request flag 
IR01.2104 Externalinterrupt4 request flag 
IR01.l103 Externalinterrupt3requestflag 
IR01.0 102 Externalinterrupt 2 request flag 

Writing either a "1" or "0" to an IXl register bit 
sets the polarity level of the corresponding 
external interrupt to active HIGH or LOW 
respectively. 

232 

Objective specification 

80CL32180CL52 

1.6.2 Interrupt Vectors 

Vector Source 
(highest) 
XO 0003H ExtemaVO 
X5 0053H External 5 
TO OOOBH limerO 
T2 00033 limer2 
X6 005BH External 6 
Xl 0013H External 1 
X2 003BH External 2 
X7 0063H External 7 
Tl 00lBH limer 1 
X3 0043H External 3 
X8 006BH External 8 
SO 0023H UART 
X4 004BH External 4 
X9 0073H External 9 
(lowest) 

Interrupt priority 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1.S.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

SFR 
Register Function Address 

IXl Interrupt polarity E9H 
register 

IROl Interrupt COH 
request flag 
register 

IENO Interrupt enable ASH 
register 

IENI Interrupt enable E8H 
register 
(INT2-INT9) 

IPO Interrupt priority BaH 
register 

IPI Interrupt priority F8H 
register 
(INT2-INT9) 
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1.7 Oscillator registers 
The on-chip oscillator circuitry of the 8OCL52 
is a single-stage inverting amplifier biased by 
an internal feedback resistor (Figure 13). For 
operation as a standard quartz oscillator, no 
extemal components are needed (except at 
32 kHz). When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 14 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 

XTAL 1 . To drive the device with an external 
clock source, apply the external clock signal to 
XTAL 1, and leave XTAL2 to float, as shown in 
Fig. 14(f). There are no requirements on the 
duty cycle of the external clock, since the input 
to the internal clocking circuitry is buffered by a 
flip-flop. 

The following options are provided for optimum 
on~hip oscillator performance. Please state 
option when ordering. 

1.7.1 Oscillator options (see Figure 14) 

32kHz: Figure 14(c). An option for 32 kHz 
clock applications with external 

VDD 
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trimmer for frequency adjustment. 
A 4.7 Mil bias resistor is needed 
for use in parallel with the crystal. 

Osc. 2: Figure 14( e): An option for 
low-power, low-frequency 
operations using LC components 
or quartz. 

Osc .3: An option for medium frequency 
range applications. 

Osc. 4: An option for high frequency range 
applications. 

RC: Figure 14(g). An option for an RC 
oscillator. 

V D 

XTAl1 XTAl2 

~----iDII----

Figure 13. Oscillator 
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1 1 
(A) (8) (C) 

(D) (E) 

N. C. 

VOO 

(F) (G) 

Figure 14. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

C1 EXT. (pF) C2 EXT. (pF) MAX. RESONATOR 

RESONATOR f(MHz) OPTION MIN. MAX. MIN. MAX. SERIES RESISTANCE 
15kQ(I) 

Quartz 0.032 32kHz 5 15 0 0 600Q 

Quartz 1.0 OSC.2 0 30 0 30 100Q 

Quartz 3.58 OSC.2 0 15 0 15 75Q 

Quartz 4.0 OSC.2 0 20 0 20 60Q 

Quartz 6.0 OSC.3 0 10 0 10 60n 

Quartz 10.0 OSC.4 0 15 0 15 40n 

Quartz 12.0 OSC.4 0 10 0 10 10Q 

PXE 0.455 OSC.2 40 50 40 50 100Q 

PXE 1.0 OSC.2 15 50 15 50 10n 

PXE 3.58 OSC.2 0 40 0 40 10n 

PXE 4.0 OSC.2 0 40 0 40 Ion 

PXE 6.0 OSC.2 0 20 0 20 5Q 

PXE 10.0 OSC.3 0 15 0 15 6n 

PXE 12.0 OSC.4 10 40 10 40 6Q 

LC OSC.2 20 90 20 90 1Ol1H=ln 
lOOI1H=5n 
1 mH =75n 

NOTE: 
1. 32 kHz quartz crystals with a series resistance higher than 15 kQ will reduce the guaranteed supply voltage range to 2.5 -3.5V. The 

equivalent circuit data of the internal oscillator compares with that of matched crystals. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 15) 

PARAMETER OPTION SYMBOL CONDITION MIN. TYP. MAX. UNIT 

Transconductance 32kHz 9m T ~ +25 °C; VDD ~ 4.5V · 15 · Jls 
Osc.2 9m T ~ +25 °C; VDD ~ 4.5V 200 600 1000 Jls 
Osc.3 9m T ~ +25 °C; VDD ~ 4.5V 400 1500 4000 Jls 
Osc.4 9m T ~ +25 °C; VDD ~ 4.5V 1000 4000 10000 Jls 

Input Capacitance 32kHz Cl i · 3.0 pF 
Osc.2 Cl i · 80 · pF 
Osc.3 Cl i 8.0 · pF 
Osc.4 Cl i 8.0 · pF 

Output Capacitance 32kHz C2i 23 · pF 
Osc.2 C2i 8.0 · pF 
Osc.3 C2i 80 · pF 
Osc.4 C2i 8.0 · pF 

Output Capacitance 32kHz R2 3800 · kQ 
Osc.2 R2 65 kQ 
Osc.3 R2 18 · kQ 
Osc.4 R2 5.0 · kQ 

XTALl ---~~-; r----~-----~--~~XTA~ 

C2j 

Figure 15. Equivalent Circuit Diagram 
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1.7.3 RC Oscillator (see Figure 16) 
The externally adjustable RC-oscillator has a 
frequency range from 100kHz to 500 kHz. 

1.8 Reset circuitry 
To initialize the 8OCl52, a reset is performed 
by either of two methods: 

via the RST pin 

• via a power -on~reset 

It leaves the internal registers as follows: 

REGISTER CONTENT 
ACC 00000000 
B 00000000 
DPl 0000 0000 
DPH 00000000 
lEO 0000 0000 
IE1 0000 0000 
IPO XXOOOOOO 
IP1 0000 0000 
IX1 0000 0000 
IRQ1 0000 0000 
PCH 00000000 
PCl 00000000 
PCON OXXXOOOO 
PO-P3 11111111 
SOBUF XXXXXXXX 
SOCON 0000 0000 
SP 0000 0111 
TCON 0000 0000 
THO. TH1, TH2 0000 0000 
TlO, TL1, TL2 0000 0000 
TMOD 0000 0000 
PSW 0000 0000 
RCAP2l 0000 0000 
RCAP2H 0000 0000 

RST 
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600 

lose 
(kHz) 

400 

200 

1\ 
\ 
~ 

i'---
RC(",,) 

Figure 16, Frequency as a 
Function of RC 

The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO-P3 is 1111 1111. 

The reset input to the 8OCl52 is RST pin 15. A 
Schmitt trigger qualifies the input for noise 
rejection. The output of the Schmitt trigger is 
sampled by the reset circuitry every machine 
cycle. 

A reset is accomplished by holding the RST pin 
HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. After 
a HIGH is detected at the RST pin, an internal 
reset is repeated every cycle until RST goes 
LOW. 

ff 

0 SCHMITT 
TRIGGER 

rh 

Figure 17. Reset Configuration at RST Pin 
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The internal RAM is not affected by reset. When 
Voo is turned on the RAM contents are 
indeterminate. 

1,8.1 Power-on reset 
The 80Cl52 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a typical 
power-on switching level of 1.3 V will ensure 
correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo via 
a 10 mF capacitor. At power-on, the voltage on 
the RST pin is equal to Voo minus the capacitor 
voltage, and decreases from Voo as the 
capacitor discharges through the internal 
resistor RRST to ground. The larger the 
capacitor, the more slowly V RST decreases. 
VRST must remain above the lower threshold of 
the Schmitt trigger long enough to effect a 
complete reset. The time required is the 
oscillator start-up time, plus 2 machine cycles. 

1.9 INSTRUCTION SET 
The 80Cl52 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-by1e, 46 two-byte and 
16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 
ms and 45 in 2 !,S. Multiply and divide 
instructions execute in 4 !,S. 

RESET 
CIRCUITRY 
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SUPPLY 
VOLTAGE 

POWE~N 
RESET ~NTERNAl.j 

OSCIUATOR 

CPU RUNNING 
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nME 

Vee 

1536 OSCILLATOR 
PERIODS DELAY 

Figure 18. Power-on Reset Switching Level 

10;~~ 
Vee i---

8OCL52 

RST 

~~~ 

Figure 19. Recommended Power-on Reset Circuitry 
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INSTRUCTION SET 

I I BYTES I OPCODE 
MNEMONC DESCRIPTION ICYCLES (HEX.) 

Arithmetic Operations 

ADD A,Rr Add register to A 1 1 2S-

ADD A,direct Add direct byte to A 2 1 25 

ADD A@R Add indirect RAM to A 1 1 26,27 

ADD A,#data Add immediate data to A 1 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3-

ADDC A,direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@R Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9-

SUBB A,direct Subtract direct byte from A with borrow 2 1 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 1 94 

INC A IncrementA 1 1 04 

INC Rr Increment register 1 1 0-

INC direct Increment direct byte 2 1 05 

INC @R Increment indirect RAM 1 1 06,07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 1-

DEC direct Decrement direct byte 2 1 15 

DEC @R Decrement indirect RAM 1 1 16,17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB Multiply A & B 1 4 A4 

DIV AB Divide A by B 1 4 84 

DA A Decimal adjust A 1 1 D4 

Logic Operations 

ANL A,Rr AND register to A 1 1 5-

ANL A,direct AND direct byte to A 2 1 55 

ANL A@R AND indirect RAM to A 1 1 56,57 

ANL A,#data AND immediate data to A 2 1 54 

ANI direct,A AND A to direct byte 2 1 52 

ANL direct,#data AND immediate data to direct byte 3 2 53 

ORL A,Rr OR register to A 1 1 4-

ORL A,direct OR direct byte to A 2 1 45 

ORL A,@Ri OR indirect RAM to A 1 1 46,47 

ORL A,#data OR immediate data to A 2 1 44 

ORL direct, A OR A to direct byte 2 1 42 

ORL direct,#data OR immediate data to direct byte 3 2 43 

XRL A,Rr Exclusive-OR register to A 1 1 6-

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A.@Ri Exclusive-OR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 
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INSTRUCTION SET (Continued) 

I I BYTES I OPCODE 
MNEMONC DESCRIPTION tCYCLES (HEX.) 

Logic Operations (Continued) 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right throught the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 

Data transfer 

MOV* A,Rr Move register to A 1 1 E* 

MOV A,direct Move direct byte to A 2 1 E5 

MOV A@R Move indirect RAM to A 1 1 E6, E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 1 F* 

MOV Rr,direct Move direct byte to register 2 2 A* 

MOV Rr,#data Move immediate data to register 2 1 7* 

MOV direct,A Move A to direct byte 2 1 F5 

MOV direct,Rr Move register to direct byte 2 2 8* 

MOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 F6, F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76,77 

MOV DPTR,#datalS Load data pointer with a lS·bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

MOVX A,@Ri Move external RAM (S-bit address) to A 1 2 E3, E3 

MOVX A,@DPTR Move external RAM (16·bit address) to A 1 2 EO 

MOVX @Ri,A Move A to external RAM (8·bit address) 1 2 F2, F3 

MOVX @DPTR,A MOV A to external RAM (1 6-bit address) 1 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A 1 1 C* 

XCH A,direct Exchange direct byte with A 2 1 C5 

XCH A,@Ri Exchange indirect RAM with A 1 1 CS,C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 DS,D7 

Bit-Operations 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SET8 C Set carry flag 1 1 D3 

SET8 bit Set direct bit 2 1 D2 

CPL C Complement carry flag 1 1 83 

CPL bit Complement direct bit 2 1 82 

ANL C,bit AND direct bit to carry flag 2 2 82 

ANL C,/bit AND direct bit to carry flag 2 2 80 
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INSTRUCTION SET (Continued) 

I I BYTES I OPCODE 
MNEMONIC DESCRIPTION ICYCLES (HEX.) 

Bit-Operations (Continued) 

ORL C bit OR direct bit to carry flag 2 2 72 

ORL Clbit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to di rect bit 2 2 92 

Program and Machine Control 

ACALL addrll Absolute subroutine call 2 2 '*laddr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine 1 2 22 

RETI addrll Return from interrupt 1 2 32 

AJMP addr16 Absolute jump 2 2 "laddr 

LJMP rei Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

J8 bit,rel Jump if direct bit is set 3 2 20 

JN8 bit,rel Jump if direct bit is not set 3 2 30 

J8C bit,rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct ,rei Compare direct to A and jump if not equal 3 2 85 

CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 84 

CJNE Rr,#data,rel Compare immediate to reg. and jump if not equal 3 2 8* 

CJNE @Ri,#data,rel Compare immediate to indo and jump if not equal 3 2 86, 87 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D* 

DJNZ direct, rei Decrement direct and jump if not zero 3 2 D5 

NOP No operation 1 1 00 

NOTES: 
Data addressing modes: 

Rr Working register RD - R7 
direct 128 internal RAM locations and any special function register (SFR) 
@Ri Indirect internal RAM location addressed by register RO or R1. 
#data 8-bit constant included in instruction 
#data 16-bit constant included in instruction 

Direct constant included in instruction bit 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program memory 

address space. 
addr11 - l1-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program memory as 

the first byte of the following instruction. 
rei Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to + 128 bytes relative to first 

byte of the following instruction. 

Hexadecimal opcode cross-reference 
:8,9, A, 8,C ,D ,E ,F 
:11,31,51,71,91,81, D1, F1. 

... :D1,21,41,61,81,A1,Cl,El. 
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2.0 RATINGS 
Umiting values in accordance with the Absolute Maximum System (IEC 134) 

PARAMETER SYMBOL MIN. MAX. UNIT 

Supply voltage (pin 40) Voo -0.5 +6.5 V 

All input voltages VI -0.5 Voo+D·5 V 

DC current into any input or output 11,10 - 5 mA 

Total power dissipation Plot - 300 mW 

Storage temperature range Tstg -65 +150 °C 

Operating ambienllemperature range Tamb -40 +85 °C 

Operating junction temperature Tj - 125 °C 

3.0 DC CHARACTERISTICS 
Voo: 1.8V; Vss: OV; Tarrb: -40 to +65°C; all voltages with respect to Vss· unless otherwise specified. 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Voo Supply voltage 1.8 6.0 V 

RAM retention voltage in power-down mode 1.0 - 6.0 V 

100 Supply current: 

Operating (note 1) Voo : 5V; felk : 12 MHz - - tbf rnA 

Voo : 3V; felk: 3.58 MHz - - tbf rnA 

Idle mode (note 2) Voo : 5V; felk : 12 MHz - - tbf rnA 

Voo : 3V; felk : 3.58 MHz - - tbf mA 

Ipo Power-down (note 3) Voo: 1.8V; Tamb: 25°C - - 10 mA 

V1L Input voltage LOW (note 6) Vss< V1< Voo Vss - 0.3Voo V 

VIH Input voltage HIGH (note 6) O.7Voo - Voo V 

±Iu Input leakage current (port 0, EA) 10 flA 
10L Output sink current LOW Voo: 5 V; VOL:0.4 V 1.6 - - rnA 

Voo: 2.5 V; VOL: 0.4 V 0.7 0.7 - rnA 

-loH Output source current HIGH, push-pull options only Voo: 5 V; VOH: Voo--O.4 V 1.6 1.6 - rnA 

Voo: 3 V; VOH : Voo--O.4 V 0.7 0.7 - rnA 

-IlL Input current logic 0 Voo: 5 V; VIN : 0.4 V - - 100 flA 
Voo: 3 V; V1N : 0.4 V - - 50 flA 

-Ill Input current logic 0, l-to-O transition Voo : 5V; V1N : VOrY2 - - 1.0 rnA 

Voo : 3V; V1N : VOrY2 - - 500 flA 
RRST RST pull-down resistor 10 - 200 k.Q 

NOTES TO DC CHARACTERISTICS: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t,: ~: 10 ns; V1L : VSS;VIH : Voo ; XTAL2 

not connected; EA : RST + PORT 0 : VDD. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,: tl : 10 ns; V1L : VSS ; V1H : Voo ; XTAL2 

is nol connected; EA : PORT 0 : Voo. 
3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA : Port 0 : Voo; RST : Vss. 
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on Ihe LOW level output voltage of ALE, Port 

1 and Port 3 pins when these pins make a Ho-O Iransition during bus operations. In the most adverse conditions (capacitive loading> 100 
pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE wilh a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9"10 of 
Voo specification when the address bits are stabilizing. 
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4.0 AC CHARACTERISTICS 
vDD ~ 5 V; Vss ~ 0 V; Tamb ~ -40 10 +85 °C; CL ~ 50 pF for Port 0; ALE and PSEN, CL ~ 40 pF for all other outputs unless otherwise specified. 

PROGRAM MEMORY (See Figure 20) 

12MHz VARIABLE CLOCK 

PARAMETER SYMBOL MIN. MAX MIN. MAX UNIT 

ALE pulse duration ~L 127 - 21cK-40 - ns 

Address set-up time to ALE tAL 43 - tCK-40 ns 

Address hold time to ALE ~A 48 - 1c1(""35 ns 

Time from ALE to control pulse PSEN ~c 58 - IcK-25 - ns 

Time from ALE to valid instruction input ~IV - 233 41cK-l00 ns 

Control pulse duration PSEN Icc 215 - 31cK-35 - ns 

Time from PSEN to valid instruction input IcIV - 215 31cK-125 ns 

Input instruction hold time after PSEN Icl 0 - 0 ns 

Input instruction float delay after PSEN IcIF - 63 IcK-20 ns 

Address valid after PSEN tAC 75 - tCK-8 

Address to valid instruction input tAIV 302 - SicK-lIS 

Address floal lime 10 PSEN IAFC 12 0 - ns 

EXTERNAL DATA MEMORY (See Figures 21 and 22) 

12MHz VARIABLE CLOCK 

PARAMETER SYMBOL MIN. MAX MIN. MAX. UNIT 

RD pulse duration tRR 400 - 6lcK-loo ns 

WR pulse duration tww 400 6lcK-loo ns 

Address hold time after ALE ILA 48 - tCK-35 ns 

RD to valid data input tRo 150 51cK-165 ns 

Data float delay after RD IoFR 97 2tCK-70 ns 

Time from ALE to valid data input tLD - 517 - 81cK-150 ns 

Address to valid data input tAD - 585 91cK-165 ns 

Time from ALE to RD and WR ILw 200 300 31cK-50 31cK+50 ns 

Time from address to RD and WR tAW 203 - 41cK-130 - ns 

Time from RD or WR HIGH to ALE HIGH tWHLH 43 123 lcK-40 lcK+40 ns 

Data valid to WR transition tDWX 23 tCK-SO ns 

Data set-up time before WR tow 433 - 71cK-150 ns 

Data hold time after WR IWD 33 tCK-SO ns 

Address float delay after RD tWAFR 12 - 12 ns 

NOTE TO THE AC CHARACTERISTICS: 
1. Interfacing the 80CL52 to devices with float times up to 75 ns is permitted. This limited bus contention will not cause damage to Port 0 

drivers. 
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Figure 20. Read from Program Memory 

ALE ~ 
twHLH .1 

'LD A 

~'Lw IRR 

" 
I' 

'AL I---f*- 'LA -

I---'AW 'RD-
ID FR 

PORTO AOOTOAD7 IX K~ DATA INPUT K - IAFR 

'AD 

P0RT2 )< ADDRESS As TO A.S OR PORT 2 OUT 

Figure 21. Read from Data Memory 
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twHLH 

ALE 

Ioo--'=.;c'-------tow -----l+--twD 

PORTO DATA OUll'UT 

PORT2 ADDRESS AS TO A 15 OR PORT 2 OUT 

Figure 22. Write to Data Memory 
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Figure 28. Typical Idle Currenl vs Frequency 
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8XCL410 OVERVIEW 
The 80CL410 (ROMless version) and 
83CL410 (ROM version) are referred to 
collectively in this overview as the 8XCL41 O. 
The 8XCL410 is socket compatible with the 
BOC51 and has many of the same features, 
but at a much lower power and clock 
frequency. 

The aXCL410 is the first member of a family 
of low-power BOC51 derivative parts. The 
features of the 8XCL410 include: 

o4kxaROM 

o 128xaRAM 

o Two 16-bit timer/counters 

o A two level nested priority interrupt 
structure 

o An 12C serial interface 

o Thirteen interrupt sources (with eight 
additional external interrupts) 

o Idle and power-down modes 

• Interrupt or reset return from power-down 

o Six oscillator configurations 

- Quartz crystal 

- Ceramic resonator 

- RC 

- LC 

- External 

o Input supply range from 1.8V to 6V 

• Operating frequency from DC to 12MHz 

The 8XCl410 can be operated from a single 
battery supply which can vary between 1.aV 
and 6V, and for an AC supply the part 
requires only a simple voltage regulator. In 
some cases the part can be operated from an 
unstabilized supply, eliminating altogether the 
need for a regulator. 

The power consumption of the part is much 
lower than that of a standard 80C51. 
Operating at 3.5MHz from a 3V supply, the 
8XCl410 typically draws less than 1 mA of 
current. The power consumption of the part is 
directly related to the supply voltage and 
clock frequency. As the supply voltage or 
clock frequency are increased, the power 
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consumption also increases. At 12MHz and a 
supply voltage of 5V, the 8XCL41 0 will draw 
about 10mA of current, which is slightly less 
than the current that an BOC51 would require. 

The advantage that the 8XCL41 0 has over 
the 80C51 is in its ability to operate at very 
low frequencies and supply voltages. This 
makes the part an ideal choice for 
applications where power is supplied from 
batteries, or where low supply voltages or 
clock frequency are necessary. The aXCL410 
features a fully static design. Using the 
on-chip oscillator, the clock frequency is 
limited to a minimum of 32kHz, but using an 
external oscillator the part can be operated 
down to DC. This means that the clock can 
be turned off, and when it is started again the 
microcontroller will continue with the action 
that it was performing when the clock was 
stopped. This is something that is impossible 
with dynamic devices because their internal 
nodes must be constantly refreshed. The 
static design of the 8XCL41 0 offers the user 
the ultimate in power-down modes, because 
the part can be stopped until it is needed and 
then started from where it was at when it was 
stopped, with no loss of internal states or 
data. The power consumption of the 
aXCL410 when the clock is stopped is less 
than lj.LA. 

Differences from the 80C51 

Special Function Registers 
The 8XCl41 0 contains most of the special 
function registers found in the 80C51 as well 
as eight additional SFRs that have been 
added to handle the 12C serial interface and 
eight additional external interrupts. The 
standard UART found on the BOC51 has 
been replaced with an 12C serial interface, so 
the SFRs SCaN and SBUF have been 
removed. Four SFRs have been added to 
handle the 12C interface; they are: Sl CON, 
Sl DAT, SlSTA, and SlADR. 

The interrupt structure on the 8XCL41 0 has 
been upgraded to include eight additional 
external interrupts. The IE and IP registers on 
the 80C51 have had their names changed on 
the 8XCL410 to IENO and IPO. In addition, 
two SFRs have been added to handle the 
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additional external interrupts. The registers 
are lEN 1 and IP1. 

Two more SFRs are added to allow the user 
to set the polarity of the additional external 
interrupts and to hold the interrupt request 
flags for those added interrupts. The SFRs 
are the interrupt polarity register (IX1) and the 
interrupt request flag register (IRQ1). 

Table 1 shows the special function registers, 
their locations, and their reset values for the 
8XCl410. 

I"C Serial Inter1ace 
The serial port supports the two-wire 12C bus. 
The 12C bus consists of a data line (SDA) and 
a clock line (SCl). These lines are 
multiplexed functions of I/O port pins Pl.? 
and Pl.6, respectively. The main features of 
the bus are: 

o Bidirectional data transfer between masters 
and slaves 

o True multimaster bus 

• Arbitration between simultaneously 
transmitting masters without loss or 
corruption of the serial data on the bus 

o Synchronized clock allows devices with 
different bit rates to communicate 

• The serial clock synchronization can be 
used as a handshake mechanism to 
suspend and resume serial transfer. 

The CPU of the 8XCL41 0 interfaces to the 
12C logic via four special function registers. 
The registers are SI CON WC control 
register), Sl DAT (data register), SlSTA 
(status register), and SlADR (slave address 
register). 

A detailed discussion of the 12C bus is given 
in section 2 of this users' guide. The 12C 
interface used on the 8XCl410 is functionally 
identical to the one on the aXC552. A 
detailed discussion of this 12C hardware is 
given in the 8XC552 section, so the 
discussion here will be limited to a review of 
each of the four 12C special function registers. 
A block diagram of the 12C serial interface is 
shown in Figure 1. 

The functions of the 12C interface are 
controlled by the Sl CON register. 
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SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 
ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B' B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR: Data pointer 
(2 bytes): 

DPH High byte 83H OOH 
DPL Low byte 82H OOH 

BF BE BD BC BB BA B9 B8 

IPO'# Interrupt priority 0 B8H - , - , PSl , - , PTl , PXl 1 PTO , pxo xxOOOOOOB 

FF FE FD FC FB FA F9 F8 

IP1'# Interrupt priority 1 F8H PX9 , PX8 , PX7 , PX6 , PX5 , PX4 I PX3 I PX2 OOH 

AF AE AD AC AB AA A9 A8 

IENO'# Interrupt enable 0 A8H EA 1 - 1 ESl I - I ETl 1 EXl 1 ETO 1 EXO DOH 

EF EE ED EC EB EA E9 E8 

IEN1'# Interrupt enable 1 E8H EX9 -' EX8 1 EX7 1 EX6 1 EX5 I EX4 1 EX3 J EX2 DOH 

C7 C6 C5 C4 C3 C2 Cl CO 

IR01'# Interrupt request flag COH 109 , 108 , 107 , lOG , 105 , 104 , 103 , 102 OOH 

IX1# Interrupt polarity E9H OOH 

PO' PortO 80H 87 86 85 84 83 82 81 80 FFH 

Pl' Port 1 90H 97 96 95 94 93 92 91 90 FFH 

P2' Port 2 AOH A7 A6 A5 A4 A3 A2 Al AO FFH 

P3' Port 3 BOH B7 B6 B5 B4 B3 B2 Bl BO FFH 

PCON Power control 87H SMOD' - I - , - I GFl , GFO I PD I IDL OxxxOOOOB 

D7 D6 D5 D4 D3 D2 Dl DO 

PSW' Program status word DOH CY I AC I FO I RSl I RSO I ov I - I P OOH 

SlADR# Slave address DBH OOH 

DF DE DD DC DB DA D9 D8 

SlCON"# Serial control D8H - , ENSl I STA , STO I SI , AA 1 CRl , CRO xOOOOOOOB 

SlOAT# Serial data DAH OOH 
SlSTA# Serial status D9H lllll000B 

SP Stack pointer 81H 07H 

8F 8E 8D 8C 8B 8A 89 88 

TCON' TImer/counter control 88H TFl I TRl I TFO I TRO I IEl 1 ITl 1 lEO 1 ITO DOH 

TMOD TImer/counter mode 89H GATE' CIT L Ml 1 MO 1 GATE , CIT 1 Ml 1 MO OOH 

THO TImer 0 high byte 8CH OOH 

THl TImer 1 high byte 8DH OOH 

TLO TImer 0 low byte 8AH OOH 

TL1 TImer 1 low byte 8BH OOH 

, SFRs are bit addressable. 
# SFRs are modified from or added to the 80C51 SFRs. 
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SlCON (DaHl 
7654 210 

I - I ENS.I STA I STO I SI I AA I CR. I CRO I 
CRO and CR1-Clock Rate bits. These bits 
determine the serial dock (SCl) frequency 
when the 8XCl410 is in the master mode. 
The various SCl serial clock rates that can 
be achieved are shown in Table 2. 

The SCl rate generated when both CRO and 
CRl are low is usually used when the 12C 
interface on other parts are software driven 
and slow. The maximum SCl rate is 100kHz 
and can be derived from either a 12MHz or 
6MHz oscillator. A variable bit rate can be 
used if timer 1 is not required for another 
purpose while the 8XCl410 is in the master 
mode. 

The CRO and CRl bits have no effect when 
the part is in the slave mode, because SCl is 
generated only by the bus master. In the 
slave mode, the part will automatically 
synchronize with the 12C bus clock frequency. 

M-Assert Acknowledge. When the M bit is 
set (1), an acknowledge will be returned 
when the 8XCl410 recognizes its own slave 
address, recognizes the general call address 
if Sl ADR.O is set (1), or receives a data byte 
while it is either the bus master or the 
selected slave. If M is not set (0), then no 
acknowledge will be returned for any 
condition. The 12C bus hardware is not 
disabled, but the part will not respond to its 

own slave address or the general call 
address (even is Sl ADR is set), nor will it 
acknowledge received bytes. 

SI-Seriallnterrupt flag SI is set by hardware 
when one of 25 of the 26 possible 12C 
hardware states on the 8XCl41 0 is entered. 
The only state that does not cause SI to be 
set is F8H, which indicates that no relevant 
state information is available. An interrupt will 
only be requested while SI is set (1) and the 
serial interrupt is enabled in the IENO 
(interrupt enable) SFR. When SI is set, the 
low period of the 12C dock (SCl) is stretched 
(that is, held low) until SI is cleared. SI can 
only be deared by software. 

STO-STOp flag. When the 8XCl410 is in 
the master mode and STO is set (1), a stop 
condition will be forced on the 12C bus by the 
part. When the stop is detected on the bus by 
the 8XCl41 O's hardware, it will clear the STO 
flag. 

STA-STArt flag. When the 8XCl41 0 is set 
to enter the master mode and STA is set (1), 
the part will check the status of the 12C bus 
and generate a START condition if the bus is 
free. I! the bus is nollree, the 8XCl41 0 will 
wait for a STOP condition on the 12C bus and 
then after a hal! period delay (of SCL) it will 
generate a START 

I! both STA and STO are set, and the part is 
in the master mode, a STOP will be forced on 
the bus, and then following that with the 
appropriate delays, a START will be forced. 

8XCL410 overview 

ENS1-Enable 12C Serial Port. When ESNl 
is low, the part will not respond to its address 
or any activity on the 12C bus. The SDA and 
SCl outputs are in a high impedance state. 
P1.6 and Pl.7 can be used as open drain 
port pins. When ENSl is set (1), the 12C 
serial port is enabled. Port latches Pl.6 and 
Pl.7 must be set (1). 

ENSl should not be used to temporarily 
release the bus, because the 12C bus status 
Sl STA is deared and the part's bus status 
lost when ESNl is reset (0). To temporarily 
idle the bus, the M flag should be used. 

The data to be transmitted to or received 
from the 12C bus is written into or read from 
the Sl DAT register. 

SlDAT(DAH) 

76543210 

1~1~1~1~1~1~lw~I~~ 
SD7-SDO-Serial Data bits. A byte to be 
transmitted is written into this register, and a 
byte received is read from this register. A 1 in 
the register corresponds to a high level on the 
bus, and a 0 corresponds to a low level. Data 
shifts into or out of the register from left to 
right. 

The status of the bus can be determined at 
any time by reading the SlSTA register. This 
is a read only register in which the three least 
significant bits are always zero (0). 

l Slove Addr.... I GC J----r--'" 

S.ADR ,-_____ -, 

---~-------------I Shift Register r------SDA 

I 
I Arbitration logic I 

SCl 1 I 

SlDAT 

~ 
'" 

Bus Clock Generator I j 
I I 

I 7 I 6 I 5 141 3 I 2 I · I or---
S.CON 

I 7 I I I 
SlSTA 

Figure 1. SerialifO 

Table 2. Sel Frequency (kHz) at fosc 

CRl CRO 6MHz 12MHz 16MHz fose DIVIDED BY 

0 0 6.25 12.5 17 980 
0 1 50 100 NA 120 
1 0 100 NA NA 60 
1 1 0.25 <31.25 0.5 <62.5 0.65 <83.3 96 x (256 - Timer 1 reload range 

0-254 in mode 1) 
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S1STA(D9H) 
7654320 

1SC41 scal SC21 SCll seal 0 I 0 0 I 
SC4-SCO-Status Code bits. These bits hold 
a status code that indicates the current status 
of the bus. The contents of these bits can be 
used to vector to a service routine, which 
optimizes the response time of the software 
and consequenUy that of the 12C bus. 

The following is a list of the status codes for 
each SISTA value. 

Master TransmlUer Mode 
08H - A START condition has been 

transmitted. 
10H - A repeated START condition has 

been transmitted. 
18H - Slave address and write bit 

transmitted, acknowledge received. 
20H - Slave address and write bit 

transmitted, acknowledge not 
received. 

28H - Data transmined, acknowledge 
received. 

30H - Data transmitted, acknowledge not 
received. 

38H - Arbitration lost while transmining 
slave address, RIW bit, or data. 

Master Receiver Mode 
38H - Arbitration lost while returning 

acknowledge. 
40H - Slave address and read bit 

transmitted, acknowledge returned. 
48H - Slave address and read bit 

transmitted, acknowledge not 
returned. 

50H - Data received, acknowledge returned. 
58H - Data received, acknowledge not 

returned. 

Slave Receiver Mode 
SOH - C>.vn slave address and write bit 

received, acknowledge returned. 
68H - Arbitration lost C>.vn slave address 

and write bit received, acknowledge 
returned. 

70H - General call received, acknowledge 
returned. 

78H - Arbitration lost. General call received. 
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80H - Received own slave address and 
data byte, acknowledge returned. 

88H - Received own slave address and 
data byte, acknowledge not returned. 

90H - Received general call and data byte, 
acknowledge returned. 

98H - Received general call and data byte, 
acknowledge not returned. 

AOH - Stop or repeated start received while 
still addressed as slave transrnitter or 
receiver. 

Slave TransmlUer Mode 
ASH - C>.vn slave address and read bit 

received, acknowledge returned. 
BOH - Arbitration lost. C>.vn slave address 

and read bit received, acknowledge 
returned. 

BBH - Data byte transmitted, acknowledge 
received. 

COH - Data byte transmitted, acknowledge 
not received. 

C8H - Last data byte transmitted, 
acknowledge received. 

All Modes 
OOH - Bus error due to an erroneous start or 

stop condition 

The slave address that the part is to respond 
to is put into the SIADR special function 
register. 

SlADR(DBH) 
7654320 

I~I~I~I~I~I~I~I~I 
SA7-5A I-Slave Address bits. The 7-bit 
slave addresses that the part is to respond to 
is loaded into these seven bits. 

SAO-This bit can be set so that the part will 
respond to a general call address on the 12C 
bus. Clearing (0) this bit will prevent the part 
from responding to a general call address. 

The Interrupt Structure 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
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two-priority level, nested interrupt system is 
provided. The 8XCL410 acknowledges 
interrupt requests from 13 sources as follows: 

Priority Source Vector Function 
Address 

Highest INTO 0OO3H External 
interrupt 0 

SI 002BH 12C serial 
interrupt 

INTS 00S3H External 
interruptS 

TO OOOBH Timer 0 
interrupt 

INT6 OOSBH External 
interrupt 6 

INTI 0013H External 
interrupt 1 

INT2 003BH External 
interrupt 2 

INT7 0063H External 
interrupt 7 

Tl 001BH Timer 1 
interrupt 

INT3 0043H External 
interrupt 3 

INT8 006BH External 
interrupt 8 

INT4 004BH External 
interrupt 4 

Lowest INT9 0073H External 
interrupt 9 

There are six special function registers 
associated with the interrupt portion of the 
8XCL410. They are IENO, IPO, IEN1, IP1, 
lXI, and IRQ1. Following is a detailed 
description of each. 

IENO-Interrupt Enalble register zero. This 
register has the same function as the IE 
register found on the 80CSI. The only 
difference between the two is that the bit that 
controls the serial interface interrupt has been 
moved from bit 4 to bit 5. This has been done 
because the 8XCL41 0 has an 12C serial 
interface and bit S is used on other parts for 
the 12C interrupt enable bit. 
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lENa (A8H) 

5 4 3 2 1 0 

lEAl -I ESll -IETlIEXlIETOI EXO I 
EA - General Enable/Disable control 

o = All interrupts disabled. 
1 = Interrupts can be individually 

enabled or disabled. 
ES1 - 12C interrupt enable. 

(1 = enabled, 0 = disabled) 
ET1 - Timer 1 interrupt enable. 

(1 = enabled, 0 = disabled) 
EX 1 - External interrupt 1 enable. 

(1 = enabled, 0 = disabled) 
ETO - Timer 0 interrupt enable. 

(1 = enabled, 0 = disabled) 
EXO - External interrupt 0 enable. 

(1 = enabled, 0 = disabled) 

IPO-Interrupt Priority register zero. This 
register has the same function as the IP 
register on the 8OC51. The only difference is 
that the serial interface priority is set on bit 5. 

IPa (B8H) 

PSI - 12C interrupt priority. 
(1 = high, 0 = low) 

PT1 - Timer 1 interrupt priority. 
(1 = high, 0 = low) 

PX1 - External interruptI priority. 
(1 = high, a = low) 

PTa - Timer 0 interrupt priority. 
(1 = high, 0 = low) 

PXO - External interrupt a priority. 
(1 = high, 0 = low) 

lEN I-Interrupt Enable register one. This 
register contains the interrupt enables for the 
eight external interrupts that have been 
added to the 8XCL41 O. 

IENl (E8H) 

76543210 

I~I~I~I~I~I~I~I~I 

EX9-EX2-External interrupt enables for 
external interrupts 2 - 9. (0 = disabled, 1 = 
enabled) 

IPI-interrupt priority register one. This 
register allows the priority level of each of the 
additional external interrupt enables to be set. 
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IPl (F8H) 
6543210 

I~I~I=I~I~I~I~I~I 
PX9-PX2-External interrupt priority for 
extemal interrupts 2 - 9. (0 = low, 1 = high) 

lXI-Interrupt Polarity register. This register 
allows the programmer to determine the 
polarity of extemal interrupts 2 - 9 that will be 
sensed for the interrupt. If the bit for an 
interrupt is set to 1, then the interrupt will be 
triggered by a high input on that external 
interrupt. If the bit is cleared to 0, then the 
interrupt will be triggered by a low on that 
external interrupt. 

IXl (E9H) 
7 6 5 4 0 

~I Its I IL7 IlLS Its IL4 lila IL2 

IL9-1L2-Extemallnterrupt polarity bits 
corresponding to external interrupts 9 - 2. 
(1 = high trigger, 0 = low trigger) 

IR01-lnterrupt Request flag register. This 
register contains flags that are set when one 
of the extemal interrupts 2 - 9 are requested. 
The flags will only be set if the corresponding 
interrupt is enabled in the IE I register. The 
flags must be cleared by software. 

IRQl (COH) 
7 5 4 0 

I~I~I~I~I~I~I~I~ 
1Q9-I02-External interrupt request flags for 
external interrupts 9 - 2. 

Power-Down Mode 
In addition to being able to reduce the power 
consumption by stopping the clock, there are 
both idle and power-down modes available. 
These operate exactly the same as the idle 
and power-down modes on the BOC51. There 
is only one difference and that is that it is 
possible to terminate a power-down condition 
with either a reset or an external interrupt. 

To be able to wake up the part from the 
power-down state with an external interrupt, 
both the PO and IDL bits of the PCON 
register must be set when entering the 
power-down mode. If only the PD bit is set, 
the power-down mode will only be terminated 
by a hardware reset. With both bits set, an 
interrupt on any of the additional external 
interrupts, INT2-INT9, will cause the part to 
wake up. To ensure that the oscillator is 
stable before the controller restarts, the 
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internal clock will remain inactive for 1536 
oscillator periods after the interrupt is 
detected. After this, the PD flag will be reset, 
and the part will be in the idle mode, and the 
interrupt will be handled in the normal way. 
Figure 2 shows the different oscillator delays 
associated with the two methods of waking 
the part up from the power-down mode. 

Low Power Consumption 
The 8XCL41 a is targeted toward low power 
applications in industrial control, portable 
instrumentation, intelligent computer 
peripherals, portable consumer products, and 
smart cards. Working from a single supply 
which can vary between I.BV and 6V, the 
8XCL410 requires only a simple voltage 
regulator. In many cases it can be operated 
from an un stabilized supply, eliminating 
altogether the need for a regulator. A typical 
BXCL410 device draws 1mA from a 3V 
supply when running at a 3.5MHz dock 
frequency. Current consumption in the idle 
and power-down modes is reduced further to 
less than 0.5mA and lILA, respectively. 

The BXCL410 can be operated at dock 
frequencies up to 12MHz. At these 
frequencies and a 5V supply voltage, the part 
will draw current similar to that of a standard 
80C51. For the 8XCL410, the reduction in 
power is a function of both the dock 
frequency and the supply voltage. Power 
dissipation is reduced by lowering the clock 
frequency andior reducing the supply voltage. 
A standard Philips 80C51 will operate down 
to a clock frequency of 0.5MHz and a supply 
voltage of 4V. The advantage of the 
low-power 8XCL410 is that it can be run at 
frequencies as low as 32kHz with the internal 
oscillator (DC when an external oscillator 
circuit is used), and that the voltage supply 
levels can be reduced down to 1.8V. To 
obtain maximum power reduction, the part 
can be operated with both reduced clock 
frequency and reduced voltage supply. 

The low voltage operation of the 8XCL410 is 
due in part to the Philips SACMOS process. 
This is a self aligned contact CMOS process 
in which the isolation regions between the 
contacts and the edge of the isolation have 
been eliminated. This significantly reduces 
the size of the die, which in turn reduces the 
parasitic capacitances and drain resistance. 
This means that for a given clock speed, 
parts fabricated in the SACMOS process will 
require less power, and this is most apparent 
at low frequencies and voltage supply levels. 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The aOCL41 0I83CL410 (hereafter generically 
referred to as aXCL410) is manufactured in 
an advanced CMOS process that allows the 
part to operate at supply voltages down to 
L8V and oscillator frequencies down to DC. 
The aXCL410 has the same instruction set as 
the80C51. 

The 8XCL410 features a 4k byte ROM 
(S3CL410), 128 bytes RAM (both ROM and 
RAM are externally expandable to 64k bytes), 
four 8-bit ports, two 16-bit timer/counters, an 
12C serial interface, a thirteen source, two 
priority level nested interrupt structure, and 
on-chip oscillator circuilly suitable for quartz 
crystal, ceramic resonator, RC, or LC. 

The aXCL410 has two reduced power modes 
that are the same as those on the standard 
aOC51. The special reduced power feature of 
this part is that it can be stopped and then 
restarted. Running from an external clock 
source, the clock can be stopped and after a 
period of tirne restarted. The 8XCL410 will 
resume operation frorn where it was when the 
code stopped with no loss of internal state, 
RAM contents, or Special Function Register 
contents. If the internal oscillator is used the 
part cannot be stopped and started, but the 
power-down mode, which can be terminated 
via an interrupt, can be used to achieve 
similar power savings and then restart 
without loss of on-chip RAM and Special 
Function Register values. 

ORDERING CODE 

• Supply voltage from 1.a to 6.0V 

• Operating frequency from 32kHz to 12MHz 

• SOG51 based architecture 

- 4k x a ROM (64k external) 

- 128 x a RAM (64k external) 

- Four a-bit 110 ports 

- Two 16-bit timer/counters 

- A thirteen-source, two-level, nested 
priority interrupt structure 

- 10 external interrupts 

• Fully static BOC51 CPU 

• 12C Serial Interface 

• Two power control modes 

- Idle mode 

- Power-down mode - can be terminated 
by reset or external interrupt 

• Wake-up via external interrupts at port 1 

• On-chip oscillator (quartz crystal, ceramic 
resonator, RC, LC) 

• Very low power consumption 

• Operating temperature range: 
-40 to +S5°C 

PHIUPS PART ORDER NUMBER PHfUPS NORTH AMERICA 
PART MARKING PART ORDER NUMBER' TEMPERATURE OC 

ROMless ROM ROMless ROM AND PACKAGE 

PBOCL410HFP P83CL410HFP PBOCL410HF N P83CL410HF N -40 to +85, Plastic Dualln~ine 
Package 

XTAL, 

vss 

PBOCL410HFT P83CL410HFT PBOCL410HF D P83CL410HF D -40 to +85, Plastic Very Small Outline 
Package 

NOTE: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 

For emulation purposes, the P85CLOOO (Piggyback version) with 256 bytes of RAM is recommended. 
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FREQUENCY 

32kHZ to 
12MHz 

32kHZ to 
12MHz 

VDD 

PO.OIADO 

PO.l/AD1 

PO.2JAD2 

PO.3IAD3 

I'IIAiAIU 

1'II.51AD5 

1'II.6IAD6 

PO.7/AD7 

P2.7/A,5 

P2.6IA,4 

P2.51A13 

!'2.4/A,2 

P2.3IA11 

P2.21A,O 

P2.1/A9 

P2.OIAS 

Drawing 

Number 

SOT129 

SOT 158A 

853-146105002 
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LOGIC SYMBOL 

BLOCK DIAGRAM 

FREQUENCY 
REFERENCE 

r-'---o 
XTA12 XTALI 

OSCILLATOR 
AND 

DMiNG 

10 

CPU 

INTERNAL 
INTERRUPTS 

EXTERNAL 
INTERRUPTS(I) 

(1) Pins shared with parallel port pins. 
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XTAL1 

PROGRAM 
MEMORY 

(4Kx8ROM) 

CONTROL 

VDD Vss 

j~} _ .. and 

i- Data Bu. ""---
~
_ INT2 

+- INT3 

~ -- INT4 
1: +- INT5 
~ +- INT6 __ 1NT7 

++ INT8ISCL 
.-. INT9iSDA 

~im~-

DATA 
MEMORY 

(128 x8 RAM) 

PARALLEL PORTS, 
ADDRESSillATA BUS 

AND 110 PINS 
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I 
I 
I 
I 
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I 
I 
I ______ ..J 

SDA SCl 
L-.-,-------.J 

(I) 
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PIN DESCRIPTION 

MNEMONIC PIN NO. TYPE NAME AND FUNCTION 

Vss 20 I Ground: OV reference. 

Voo 40 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-<>.7 39-32 I/O Port 0: Port 0 is an open-<lrain, bidirectional 110 port. Port 0 pins that have 1s written to them float and 
can be used as high-impedance inputs. Port 0 is also the multiplexed Iow-order address and data bus 
during accesses to extemal program and data memory. In this application, it uses strong internal 
pull-ups when emitting ls. 

Pl.0-Pl.7 1-8 I/O Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have ls written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins that are 
externally pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: IlL). Additional functions include: 

7 I/O SCL (P1.6): 12C serial bus clock. 
8 I/O SDA (Pl.7): 12<: serial bus data. 

1-8 I INT2-INT9 (Pl.O-Pl.7): Additional external interrupts. 

P2.0-P2.7 21-28 I/O Porl 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 
externally being pulled low will source current because of the intemal pull-ups. (See DC Electrical 
Characteristics: lid. Port 2 emits the high-order address byte during fetches from external program 
mernory and during accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In 
this application, it uses strong intemal pull-ups when emitting ls. During accesses to external data 
memory that use 8-bit addresses (MOV @Ri), port 2 ernits the oontents of the P2 special function 
register. 

P3.O-P3.7 10-17 I/O Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s written to 
them are pulled high by the intemal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: Ild.c Fort 3 also serves the special features of the 8OC51 family, as listed below: 

12 I 1NTl! (P3.2): External interrupt 0 
13 I lNTf (P3.3): External interrupt 1 
14 I TO (P3.4): Timer 0 external input 
15 I T1 (P3.5): Timer 1 external input 
16 0 WR (P3.6): External data memory write strobe 
17 0 lID (P3.7): External data memory read strobe 

RST 9 I Reset: A high on this pin for two rnachine cycles while the oscillator is running, resets the device. An 
intemal diffused resistor to Vss permits a power-on reset using only an extemal capacitor to Voo. 

ALE 30 0 Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a oonstant rate of 1/6 the oscillator frequency, 
and can be used for extemal timing or clocking. Note that one ALE pulse is skipped during each access 
to external data memory. 

PSrn 29 0 Program Store Enable: The read strobe to extemal program memory. When the device is executing 
code from the extemal program memory, PSrn is activated twice each machine cycle, except that two 
PSrn activations are skipped during each access to external data memory. PSrn is not activated 
during fetches from internal program memory. 

~ 31 I External Access Enable: ~ must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH to 1 FFFH. If ~ is held high, the device executes from 
internal program memory unless the program counter contains an address greater than OFFFH. 

XTAL1 19 I Crystal 1 : Input to the inverting oscillator amplifier and input for an extemal clock source. 

XTAL2 18 0 Crystal 2: Output from the inverting oscillator amplifier. 
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PORT OPTIONS 
The pins 01 port 1 (not Pl.6ISCL or 
Pl.7/sDA), port 2, and port 3 may be 
individually configured with one of the 
following port options (see Figure 1): 

Option 1: Standard Port
quasi-bidirectional I/O with pull-up. 
The strong booster pull-up p 1 is 
turned on for two oscillator periods 
after a O-to-l transition in the port 
latch. See Figure l(a). 

Option 2: Open Draln-quasi-bidirectional 
I/O w~h n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1 (b). 

Option 3: Push-Pul~utputwith drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. See Figure 1 (c). 

The definition 01 port options for port 0 is 
slighdy different. 
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Two cases have to be examined. First, 
accesses to external memory (EA = 0 or 
access above the built-in memory boundary), 
and second, I/O accesses. 

External Memory Accesses 
Option 1 : True 0 and 1 are written as 

address to the external memory 
(strong pull-up is used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be 
used as output. 

1/0 Accesses 
Option 1: When writing a 1 to the port latch, 

the strong pull-up p1 will be on for 
two oscillator periods. No weak 
pull-up exists. Without an external 
pull-up, this option can be used as 
a high-impedance input. 
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Option 2: Open drain--quasi-bidirectionaII/O 
with "-channel open drain output. 
Use as an output requires the 
connection of an external pull-up 
resistor. See Figure l(c). 

Option 3: Push-Pull-output with drive 
capability in both polarities. Under 
this option, pins can only be used 
as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending ·S· or "R" 
to option 1, 2, or 3 above (e.g., lS for a 
standard I/O to be set alter RESET or 2R for 
an open-drain 1/0 to be reset alter RESET. 

Option S: Set-alter reset, this pin will be 
initialized High. 

Option R: Reset-alter reset, this pin will be 
initialized Low. 
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POWER-DOWN MODE 
The inslruction setting PCON.l is the last 
executed prior to going into the power-down 
mode. In power-down mode, the oscillator is 
stopped. The contents of the the on-chip 
RAM and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held low. 
Power-down operates in wake-up mode and 
reset mode. 

In the power-down mode, Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until the power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 

Wake-Up Mode 
Setting both PD and IDL flags in the PCON 
register forces the controller into the 
power-down mode. Setting both flags enable 
the controller to be woken-up from the 
power-down mode with either the external 
interrupts INT2-INT9, or a reset operation. 

An external interrupt INT2-lNT9 at port 1 
releases both the oscillator and the delay 
counter. To ensure that the oscillator is stable 

before the controller restarts, the internal 
clock will remain inactive for 1536 oscillator 
periods after the interrupt is detected. After 
this, the PO flag will be reset, the controller is 
now in the Idle mode and the interrupt will be 
handled in the normal way. 

Reset Mode 
Setting only the PO bit in the PCON register 
again forces the controller into the 
power-down mode, but in this case it can only 
be restored to normal operation with a direct 
reset operation. 

IDLE MODE 
The instruction that sets PCON.O is the last 
instruction executed before going into idle 
mode. In idle mode, the internal clock is 
stopped for the CPU, but not for the interrupt, 
timer, and serial port functions. The CPU 
status is preserved along with the stack 
pointer, program counter, program status 
word and accumulator. The RAM and all 
other registers maintain their data during idle 
mode. The port pins retain the logical states 
they held at idle mode activation. ALE and 
PSEN hold at the logic high level. 

There are two methods used to terminate the 
idle mode. Activation of any interrupt will 

Table 1. External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE PSER PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Floating 

Power-down Internal 0 0 Data 

Power-down External 0 0 Floating 
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cause PCON to be cleared by hardware; 
terminating idle mode. The interrupt is 
serviced, and follOWing the instruction RETI, 
the next instruction to be executed will be the 
one following the inslruction that put the 
device in the the idle mode. 

Flag bits GFO and GFl can be used to 
determine whether the interrupt was received 
during normal execution or idle mode. For 
example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the idle 
mode is with an extemal hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. Reset redefines all SFRs, but 
does not affect the on-chip RAM. 

The status of the external pins during idle and 
power-down mode is shown in Table 1. If the 
power-down mode is activated while 
accessing external memory, port data held in 
the special function register P2 is restored to 
port 2. If the data is a logic 1, the port pin is 
held high during the power-down mode. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 
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12C-BUS SERIAL I/O 
The serial port supports the twin line 12C-bus. 
The 12C-bus consists of a data line (SOA) and 
a clock line (SCL). These lines also function 
as If a port lines PI.7 and Pl.6 respectively. 
The system is unique because data transport, 
clock generation. address recognition and 
bus control arbitration are all controlled by 
hardware. The 12C-bus serial If a has 
complete autonomy in byte handling and 
operates in four modes: 
- Master transmitter 

- Master receiver 

- Slave transmitter 

- Slave receiver 

These functions are controlled by the Sl CON 
register. SISTA is the status register whose 
contents may also be used as a vector to 
various service routines. S 1DAT is the data 
shift register and SIAOR the slave address 
register. Slave address recognition is 
performed by hardware. 

S1CON(D8H) 
Serial control register 

CRO, CR1 These two bits determine the 
serial clock frequency when SIO 
is in a master mode. 
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AA 

SI 

I SLAVE ADDRESS I 
S.ADA 

Figure 2. SerlalllO 

Assert acknowledge bit. When 
the AA flag is set, an 
acknowledge (low level to SOA) 
will be returned during the 
acknowledge clock pulse on the 
SCl line when: 
- own slave address is received 
- general call address is 

received (SIAOR.O = 1) 
- data byte received while 

device is programmed as 
master 

- data byte received while 
device is selected slave 

Withe AA.= 0, no acknowledge 
will be returned. Consequendy, 
no interrupt is requested when 
the ·own slave address" or 
general call address is received. 

SIO interrupt flag. When the SI 
flag is set, an acknowledge is 
returned after anyone of the 
following conditions: 
- a start condition is generated 

in master mode 
- own slave address received 

duringAA = I 
- general call address received 

while SlAOR.O and AA = 1 
- data byte received or 

transmitted in master mode 
(even if arbitration is lost) 

- data byte received or 
transmitted as selected slave 

- stop or start condition received 
as selected slave receiver or 
transmitter 
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STOP Hag. With this bit set while 
in master mode. a STOP 
condition is generated. When a 
STOP conation is detected on 
the bus. the SIO hardware clears 
the STO flag. In the slave mode, 
the STO flag may also be set to 
recover from an error condition. 
In this case, no STOP condition 
is transmitted to the 12C-bus. 
However, the SIO hardware 
behaves as if a STOP condition 
has been received and releases 
SDA and SCL. The SIO then 
switches to the "not addressed" 
slave receiver mode. The STO 
flag is automatically cleared by 
hardware. 

START flag. When the STA bit is 
selin slave mode, the SIO 
hardware checks the status of 
the 12C-bus and generates a 
START condition if the bus is 
free. If STA is set while the SIO 
is in master mode, SIO transmits 
a repeated START condition. 

When ENSI = O. the SIO is 
disabled. The SOA and SCL 
outputs are in a high-impedance 
state; Pl.6 and PI.7 function as 
open drain ports. 

When ENS I = I, the SIO is 
enabled. The P1.6 and Pl.7 port 
latches must be set to logic I . 
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S1STA(D9H) 
Status register 

SISTA is an 8-bit read-only special function 
register. SISTA.3-SISTA.7 hold a status 
code. SISTA.0-S1STA.2 are held LOW. The 
contents of SI STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequendy that of 
the 12C-bus. 

The following is a list of the status codes: 

Abbreviations used: 
SLA: 7 -bit slave address 
R: Read bit 
W: Write bit 
}!;CK: Acknowledgement (acknowledge 

bit = 0) 
ACK: Not Acknowledge (acknowledge 

bit = I) 
DATA: S-bit byte to or from the 12C-bus 
MST: Master 
SLY: Slave 
TRX: Transmiller 
REC: Receiver 

MSTrrRX mode 
SISTAvalue 

OSH - a START condition has been 
transmitted 

10H - a repeated START condition has 
been trans milled 

ISH - SLA and W have been transmilled, 
ACK received 

20H - SLA and W have been transmitted, 
}!;CK received 

2SH - DATA of S1DAT has been 
transmilled, ACK received 

30H - DATA of S1 OAT has been 
transmilled, }!;CK received 

38H - Arbitration lost in SLA, ANI or DATA 
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MST/REC mode 
SISTAvalue 

38H - Arbitration lost while returning }!;CK 
40H - SLA and R have been transmitted, 

ACK received 
48H - SLA and R have been transmitted, 

}!;CK received 
SOH - DATA has been received, ACK 

returned 
SSH - DATA has been received, }!;CK 

returned ' 

SLV/REC mode 
SISTAvalue 

60H - Own SLA and W have been received, 
ACKretumed 

6SH - Arbitration lost in SLA, ANI as MST. 
Own SLA and W have been received, 
ACK returned 

70H - General CALL has been received, 
ACK returned 

7SH - Arbitration lost in SLA, ANI as MST. 
General CALL has been received 

SOH - Previously addressed with own SLA. 
DATA byte received, ACK returned 

SSH - Previously addressed with own SLA. 
DATA byte received, }!;CK returned 

90H - Previously addressed with general 
CALL. DATA byte has been received, 
ACK has been returned 

9SH - Previously addressed with general 
CALL. DATA byte has been received, 
}!;CK has been returned 

AOH - A STOP condition or repeated START 
condition has been received while still 
addressed as SLVIREC or SLVITRX 
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SLvrrRX mode 
SISTAvalue 

ASH - Own SLA and R have been received, 
ACK returned 

BaH - Arbitration lost in SLA, ANI as MST. 
Own SLA and R have been received, 
ACK returned 

BBH - DATA byte has been transmitted, 
ACK received 

COH - DATA byte has been transmitted, 
}!;CK received 

CSH- Last DATA byte has been transmitted 
(M = logic 0), ACK received 

Miscellaneous 
SISTAvalue 

OOH - Bus error during MST mode or 
selected SLY mode, due to an 
erroneo~TART or STOP condition 

S1DAT(DAH) 
Data Shift Register 

Data shift register S1DAT 
This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first, 
i.e., data is shifted from left to right. 

S1ADR(DBH) 
Slave Address Register 

SIADR.O, GC: 0 = general CALL address is 
not recognized 

I = general CALL address is 
recognized 

SIADR.7-1: own slave address 

This S-bit register may be loaded with the 
7-bit slave address, to which the controller 
will respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 
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INTERRUPT SYSTEM 
External events and the real-time-driven 
on-<:hip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority level, nested interrupt system is 
provided. The 8XCL410 acknowledges 
interrupt requests from thirteen sources, as 
follows: 

-INTOandINTl 

- Timer 0 and timer 1 

- 12C-bus serial 1/0 interrupt 

- INT2to INT9 (port 1) 

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the internal 
enable registers (IENO, lEN 1) The priority 
level is selected via the interrupt priority 
register (IPO, IP1). All enabled sources can 
be globally disabled or enabled. 

External Interrupts INT2-INT9 
Port 1 lines serve an alternative purpose as 
eight additional interrupts INT2-INT9. When 
enabled, each of these lines can "Wake-up· 
the device from power-down mode. Using the 
IXI register, each pin may be initialized to 
either active high or low. IRQl is the interrupt 
request flag register. Each flag, if the interrupt 
is enabled, will be set on an interrupt request 
but it must be cleared by software. 

IENl (E8H) 
Interrupt enable register 

76543210 

I~I~I~I~I~I~I~I=I 
Bit Symbol Function 

IEN1.? EX9 Enable external interrupt 9 
IEN1.S EX8 Enable external interrupt 8 
IEN1.S EX7 Enable extemal interrupt 7 
lEN 1.4 EXS Enable external interrupt S 
lEN 1.3 EXS Enable external interrupt S 
IEN1.2 EX4 Enable external interrupt 4 
IEN1.l EX3 Enable extemal interrupt 3 
IEN1.0 EX2 Enable external interrupt 2 

where 0 = interrupt disabled 
1 = interrupt enabled 
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IPl (F8H) 
Interrupt priority register 

7&543210 

I~I~I~I-I~I-I~I~I 
Bit Symbol Function 

IP1.7 PX9 External interrupt 9 priority 
level 

IP1.S PX8 External interrupt 8 priority 
level 

IP1.S PX7 External interrupt 7 priority 
level 

IP1.4 PXS External interrupt 6 priority 
level 

IP1.3 PX5 External interrupt 5 priority 
level 

IP1.2 PX4 External interrupt 4 priority 
level 

IP1.l PX3 Extemal interrupt 3 priority 
level 

IP1.0 PX2 External interrupt 2 priority 
level 

Interrupt priority is as follows: 
o - low priority 
1 - high priority 

IXl (E9H) 
Interrupt polarity register 

75543210 

1~1~lul~I~I~I~I~1 
Bit Symbol Function 

IX1.7 119 External interrupt 9 polarity 
level 

IX1.6 118 External interrupt 8 polarity 
level 

IX1.S IL7 External interrupt 7 polarity 
level 

IX1.4 IL6 External interrupt 6 polarity 
level 

IX1.3 IL5 Extemal interrupt 5 polarity 
level 

IX1.2 IL4 External interrupt 4 polarity 
level 

IX1.1 1L3 External interrupt 3 polarity 
level 

IX1.0 112 External interrupt 2 polarity 
level 

Writing either a "1" or "0" to an IXI register bit 
sets the priority level of the corresponding 
external interrupt to active High or Low, 
respectively. 
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IRQl (COH) 
Interrupt request flag register 

76543210 

I~I-I~I~I~I~I~I~I 
Bit Symbol Function 

IRQ1.? 109 External interrupt 9 request 
flag 

IRQ1.6 108 Extemal interrupt 8 request 
flag 

IRQ1.5 IQ7 Extemal interrupt 7 request 
flag 

IRQ1.4 106 External interrupt 6 request 
flag 

IRQ1.3 lOS Extemal interrupt 5 request 
flag 

IRQ1.2 104 External interrupt 4 request 
flag 

IRQ1.l 103 Extemal interrupt 3 request 
flag 

IRQ1.0 102 External interrupt 2 request 
flag 

Priority Vector Source 
XO (highest) 0003H External 0 
$1 002BH 12Cport 
X5 OOS3H External 5 
TO OOOBH Timer 0 
X6 OOSBH External 6 
Xl 0013H External 1 
X2 003BH External 2 
X7 0063H External 7 
Tl 001BH Timer 1 
X3 0043H External 3 
X8 006BH External 8 
X4 004BH Extemal4 
X9(lowest) 0073H External 9 

Register Function 
IXI Interrupt polarity register 

SFR 
Address 

E9H 
COH IRQl Interrupt request flag 

register 
IENO Interrupt enable register 
IENI Interrupt enable register 

(INT2-1NT9) 
IPO Interrupt priority register 
IPI Interrupt priority register 

(INT2-1NT9) 

ASH 
E8H 

BaH 
F8H 
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OSCILLATOR CIRCUITRY 
The on-chip oscillator circuitry of the 
8XCL410 is a single stage inverting amplifier 
biased by an internal feedback resistor. (See 
Figure 3.) The oscillator can be operated with 
a quartz crystal, ceramic resonator, LC 
network or RC network. See Figure 4 for 
different configurations. When ordering parts, 
it is necessary to specify an oscillator option. 
The options are: RC when an RC network will 
be used, OSC 2 for oscillator operation below 
4MHz, OSC 3 for oscillator operation from 
4MHz to 10MHz, OSC 4 for oscillator 
operation above 10MHz, and 32kHz if 32kHz 
to 400kHz operation is desired. 

For operation as a standard quartz oscillator, 
no external components are needed (except 
at 32KHz). When using external capacitors, 
ceramic resonators, coils, and RC networks 
to drive the oscillator, five different 
configurations are supported (see Figure 4 
and Table 2). 

In the power-down mode the oscillator is 
stopped and XTAL 1 is pulled high. The 
oscillator inverter is switched off to ensure no 
current will flow. To drive the device with an 
external clock source, apply the external 
clock signal to XTAL I, and leave XTAL2 to 
float, as shown in Figure 4(1). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is split using a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering: 

32kHz: Figure 4(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment 

A 4.7MQ bias resistor must be 
connected in parallel with the crystal. 

Osc.2: Figure 4(e). An option for low-power, 
low-frequency operations using LC 
components or quartz. 

Osc.3: An option for medium frequency 
range applications. 

Osc.4: An option for high frequency range 
applications. 

RC: Figure 4(g). An option for an RC 
oscillator. 

The equivalent circuit data of the internal 
oscillator compares with that of matched 
crystals. 

The externally adjustable RC oscillator has a 
frequency range from 100kHz to 500kHz. 
(See Figure 6.) 

Voo 
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Power-on Reset 
The 8XCL410 contains on-chip circuitry 
which switch the port pins to the 
customer-defined logic level as soon as Voo 
exceeds 1.3V. (See Figures 7 and S.) As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

An hysteresis of approximately 100m V at a 
typical power-on switching level of 1.3V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 10"F capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
internal resistor RRST to ground. The larger 
the capacitor, the more slowly VAST 
decreases. VRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to eflect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 

To internal 
timing circuits 

voo Voo 

Rbies 

C1 i6 
XTAL, XTAL2 

L---------~D~--------~ 

Figure 3, Oscillator 
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(b) QuarlZ Oscillator with Ex
ternal Capacitors 

I 
(a) Oscillator Configuration for 

Quartz Crystal 
(d) Configuration for I 
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(c) Configuration for 
32kHz Operation 

-------------- -------------- --------------+ Ceramic Resonator + 
XTAL~TAL2 I ~ II XTA~AL2 n i~' ~~! ""rj 

(e) Configuration for ~I (I) External Clock ~I (g) RC Network 
LC Network Configuration Configuration 

-------------- -------------- --------------
Figure 4. Oscillator Configurations 

Table 2. Oscillator Type Selection Guide 
Cl EXT. C2EXT. MAXIMUM RESONATOR 

RESONATOR f(MHZ) OPTION MIN MAX MIN MAX SERIES RESISTANCE 

Quartz 0.032 32kHz 5 15 0 0 15kO' 

Quartz 1.0 Osc.2 0 30 0 30 6000 

Quartz 3.58 Osc.2 0 15 0 15 1000 

Quartz 4.0 Osc.2 0 20 0 20 750 

Quartz 6.0 Osc.3 0 10 0 10 600 

Quartz 10.0 Osc.4 0 15 0 15 600 

Quartz 12.0 Osc.4 0 10 0 10 400 

Quartz 16.0 Osc.4 0 15 0 15 200 

PXE 0.455 Osc.2 40 50 40 50 100 

PXE 1.0 Osc.2 15 50 15 50 1000 

PXE 3.58 Osc.2 0 40 0 40 100 

PXE 4.0 Osc.2 0 40 0 40 Ion 

PXE 6.0 Osc.2 0 20 0 20 50 

PXE 10.0 Osc.3 0 15 0 15 6Q 

PXE 12.0 Osc.4 10 40 10 40 6n 

LC Osc.2 20 90 20 90 10flH; In 
l00flH ;50 
lmH;75n 

NOTE: 
1. 32kHz quartz crystals with a series resistance higher than 15kn will reduce the guaranteed supply voltage range to 2.5 to 3.5V. 
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Table 3. Oscillator Equivalent Circuit Parameters (see Figure 5) 

PARAMETER 

Transconductance 

Input capacitance 

Output capacitance 

Output resistance 

XTALl 

December 16. 1991 

OPTION 

32kHz 
Osc.2 
Osc.3 
Osc.4 

32kHz 
Osc.2 
Osc.3 
Osc.4 

32kHz 
Osc.2 
Osc.3 
Osc.4 

32kHz 
Osc.2 
Osc.3 
Osc.4 

eli 

lose 
(kHz) 

R, 

600 

400 

200 

SYMBOL CONDITION 

gm T = +25'C; VDD = 4.5V 
gm T = +25°C; VDD = 4.5V 
gm T = +25°C; VDD = 4.5V 
gm T = +25°C; VDD = 4.5V 

cl j 
c1j 
c1j 
clj 

c2j 
c2j 
c2j 

c2j 

R2 
R2 
R2 
R2 

"t~ ~ R2 

Figure 5. Equivalent Circuit Diagram 

\ 

\ 

"" I"-r---

2 RC(f'S) 

Figure 6. Frequency as a Funotion of RC 
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MIN TYP MAX UNIT 

- 15 - 1-'s 
200 600 1000 1-'s 
400 1500 4000 1-'5 
1000 4000 10000 1-'s 

- 3.0 - pF 
- 8.0 - pF 
- 8.0 - pF 
- 8.0 - pF 

- 23.0 - pF 
- 8.0 - pF 
- 8.0 - pF 
- 8.0 - pF 

- 3800 - kQ 

- 65 - k.!2 
- 18 - kQ 

- 5.0 - kQ 

XTAL2 

C2j 
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SUPPLY VOLTAGE 

POWER-ON RESET 
ONTERNAL) 

OSCILLATOR 

CPU RUNNING 

k~ 
..... I 

I 
.. .1 

START-UP 1536 OSCILLATOR 
nME PERIODS DELAY 

Figure 7. Power-on Reset Switching Level 

Vee 

vccJ 
+ 

aXCl410 
1O~F T 

RST 

Q '"~ 

Figure 8. Recommended Power-on Reset Circuitry 

ABSOLUTE MAXIMUM RATINGS1. 2, 3 

PARAMETER RATING 

Supply voltage --{).5 to +6.5 

All input voltages --{).S to VDD +0.5 

DC current into any input or output 5 

Total power dissipation 300 

Storage temperature range --<>5 to +150 

Operating ambient temperature range -40 to +85 

Operating junction temperature 125 

NOTES: 

UNIT 

V 

V 

rnA 

mW 

°C 

°C 

°C 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any condiUons other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V ss unless otherwise 
noted. 

December 16,1991 266 



Philips Semiconductors Microcontroller Products 

Low voltage/low power single-chip 
8-bit microcontroller with 12C 

DC ELECTRICAL CHARACTERISTICS 
T amb = -40°C to +85°C, vss = OV 

SYMBOL PARAMETER 

Voo Supply voltage 
RAM retention voltage in power-down mode 

100 Power supply current: 
Operating' 

OSC 1 option 
OSC 2 option 
OSC2option 
OSC 3 option 

Idlemode2 

OSC 1 option 
OSC2option 
OSC 2 option 
OSC 3 option 

Power-down mode3 

Vil Input low voltage 

VIH Input high voltage 

IOl Output sink current, except SDA, SCL 

lOll Output sink current, SDA, SCL 

IOH Output source current (push-pull options only) 

III Logical 0 input current, ports 1, 2, 3 

ITL Logical 1-to-0 transition current, ports 1, 2, 3 

III Input leakage current, port 0, EJS; 

RRST Internal reset pull-down resistor 

NOTES: 

TEST 

CONDITIONS 

felK (see Figure 12) 

felK = 32kHz, Voo = I.8V, Tamb = +25°C 
felK = 3.58MHz, Voo = 3V 
felK = 10MHz, Voo = SV 
felK = 12MHz, Voo = SV 

felK = 32kHz, Voo = l.aV, Tamb = +25°C 
felK = 3.58MHz, Voo = 3V 
felK = 10MHz, Voo = 5V 
felK = 12MHz, Voo = 5V 

Voo = 1.8V, T amb _ +2SoC 

Voo = SV, VOL = 0.4V 
Voo = 2.SV, VOL = 0.4V 

Voo = 5V, VOL = O.4V 

Voo = 5V, VOH = Voo - 0.4V 
Voo = 2.5V, VOH = Voo-OAV 

Voo = 5V,VIN = OAV 
Voo = 2.5V,VIN = O.4V 

Voo = 5V, VIN = VorJ2 
Voo = 2.5V, VIN = VorJ2 

Vss < VI< Voo 

Product specification 
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LIMITS 

MIN MAX UNIT 

1.8 6.0 V 
1.0 - V 

- 50 ~ 
- 2.S rnA 
- 14 rnA 

- 18 rnA 

- 2S ~ 
- 1.0 rnA 
- 5.0 rnA 
- 7.S rnA 

- 10 ~ 

Vss 0.3Voo V 

0.7Voo Voo V 

1.6 rnA 
0.7 rnA 

3.0 rnA 

1.6 rnA 
0.7 rnA 

-100 ~ 
-50 ~ 

-1.0 rnA 
-500 ~ 

±10 ~ 

10 200 kn 

1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with, = t, = IOns; VIL = Vss, VIH = Voo; XTAL2 
not connected; EJS; = RST = Port 0 = Voo; all open drain outputs connected to Vss. 

2. The idle supply current is measured with all output pins disconnected; XTAL 1 driven with tf = tf = IOns; VIL = Vss, VIH = Voo; XTAL2 not 
connected; EJS; = Port 0 = Voo; RST = Vss; all open drain outputs connected to Vss. 

3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA = port 0 = Voo; RST = Vss; all open-drain 
outputs connected to Vss. 

4. The RC-oscillator is not implemented in this version. 
5. Circuits with option "no power-on reset" are tested at VOOMIN = l.aV, with option POR = 1.3V at VOOMIN = 2.5V. 
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1.8 

1.6 

1A 

1.2 

1.0 

IDD(mA) 
0.8 

0.6 

0.4 

V 
0.2 

.-

0 1 2 

VOD MIN = 1.8V 

./ 

V 
v 

- --
3 

Voo(V) 

Product specification 

80CL41 O/83CL41 0 

/ 
/ 

/ 
1.2M~ V 
V 

--V-
32kHz .--' 

~ 
,.... 

4 5 6 

Typical Operating Current Versus Supply and Frequency (32kHz-1.2MHz) at +25"C 
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AC ELECTRICAL CHARACTERISTICS 
Tarrb ;--40"C to +85"C vss ;OV',2 

SYMBOL FIGURE PARAMETER 

Program Memory 

ll1cLCL Oscillator frequency 

It.L 9 ALE pulse width 

IAL 9 Address valid 10 ALE low 

It.A 9 Address hold after ALE low 

ILiV 9 ALE low 10 valid instruction in 

ILc 9 ALE low to PSEJillow 

lec 9 PSEJil pulse width 

IeIV 9 PSEJillow 10 valid instruction in 

lei 9 Input instruction hold after PSEIiI 

IeIF 9 Input instruction floal after PSEIiI 

IAVI 9 Address to valid instruction in 

IAFC 9 PSEJillow 10 address floal 

Data Memory 

IRR 10 RlJ pulse width 

Iww 11 WR pulse width 

It.A 10,11 Address hold time after ALE 

IRO 10 RlJ low to valid data in 

IoFR 10 Dala floal after RlJ 

lLo 10 ALE low to valid data in 

lAD 10 Address to valid data in 

It.w 10,11 ALE low to RlJ or WR low 

lAW 10,11 Address valid to WR low or RlJ low 

Iowx 11 Dala valid 10 WR trans ilion 

low 10 Dala valid 10 WR 

lwo 11 Dala hold after WR 

IAFR 10 RlJ low 10 address float=' 

IWHLH 10,11 RlJ or WR high to ALE high 

NOTES: 

12MHzCLOCK 

MIN MAX 

127 

43 

48 

233 

58 

215 

125 

0 

63 

302 

0 

400 

400 

48 -

250 

97 

517 

585 

200 300 

203 

23 

433 -

33 

12 

43 123 

1. Paramelers are valid over operating temperalure range unless olherwise specified. 
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VARIABLE CLOCK 

MIN MAX UNIT 

0 20 MHz 

2IeLCL--40 ns 

IeLCL--40 ns 

IeLCL-35 ns 

4IelCL-l00 ns 

IeLCL-25 ns 

3IeLCL-35 ns 

31cLcL-125 ns 

0 ns 

IeLcL-20 ns 

51cLcl-115 ns 

0 ns 

61eLCl-l00 ns 

61cLcL-l00 ns 

IeLCL-35 - ns 

51cLcL-165 ns 

2IcLCL-70 ns 

81elCl-150 ns 

91eLCL-165 ns 

3IeLCL-50 31elCL+5O ns 

41elCl-130 ns 

IeLcl-60 ns 

71eLCL-150 - ns 

IeLCL-SO ns 

12 ns 

IeLCL--40 IcLcL+40 ns 

2. Load capacitance for port 0, ALE, and PSEJil ; 5OpF, load capacitance for all other oulputs ; 40pF. 
3. Inlerfacing the 8XCL41 0 to devices with float lime up to 75ns is pennilted. This limited bus connection will nol cause damage 10 port 0 

drivers. 
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ALE 

PORTo 

PORT 2 

Figure 9. External Program Memory Read Cycle 

ALE 

tWHLH -

~--------t~--------·~I 
---t------tRR ------.; 

RD--------------r---------, 

PORTO 
DATA IN 

JC------------tAD ----------.; 

PORT 2 P2.D-P2.7 OR A8-A.s FROM DPH 

Figure 10. External Data Memory Read Cycle 
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A8-A,S FROM PCH 
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ALE 

--Ic----tww ---~ 
WR ____________ -+ ________ ~ 

.~-t--- tow -----;~ 

PORTO DATA OUT 

PORT 2 P2J1-P2.7 OR _,5 FROM DPH 

tWHLH -

Figure 11. External Data Memory Write Cycle 

o.7VDD O.7VDD 
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AO-A7 FROM PCl INSTRIN 

A8-A 15 FROM PCH 

Testpointa ::::x'-___ _ O.9VDD 

________ J:><C:::: 
OAVDD 

O.3VDD O.3VDD 

Figure 12. AC Testing Input Waveform 

1mA 

-'iL 

10011A 

o VDD 

Figure 13. Input Current 
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100 

10 f" 

/ 

f(MHzI 1 

0.1 

0.01 

o 
Voo(Y) 

NOTE: Below 32kHz. clock has to be supplied ex1ernany. 

Figure 14. Frequency Operating Range 

~OLE 
(mAl 

/ 
V 

/ / 
12NHz V 

/ 
/'/ / 

8MHZ/ / 
./ ,-

3'jMIIz 

o 
o 4 

VOO(Y) 

Figure 16. Typical Idle Current as a Function of 
Frequency and Voo, T amb = 25DC 
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16 

12 / 
V 

/ / 
12MHz // 

100 (mAl 8 

./ 
/ 

4 

8Miz 

"./ 
/" 

3.58 Hz-
"...., 

o 

Voo(Y) 

Figure 15. Typical Operating Current as a Function of 
Frequency and Voo. T ami! = 25DC 

8 

~ 
,.., ;/ 

3 

VDD(VI 

./ 
'/ 

~ 

Figure 17. Typical Power-Down Current Vs. 
Frequency and V DO. T ami! = 250C 

/ 
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PIGGYBACK SPECIFICATION 
1he differences between the masked version 
and the piggyback are described herein. 

General Description 
The P85CLOOOHFZ is a piggy-back version 
with 256 bytes of RAM used for emulation of 
the P83CL41 0 microcontroller. The 
P85CLOOOHFZ is manufactured in an 
advanced CMOS technology. The instruction 
set of the P85CLOOOHFZ is based on that of 
the 8051. The device has low power 
consumption and a wide supply voltage 
range. The P85CLOOOHFZ has two software 
selectable modes of reduced activity for 
further power reduction: Idle and 
Power-<lown. For timing and AC/DC 
characteristics, please refer to the P83CL410 
specHications. 

Features 
• Full static 8OC51 CPU 

STANDARD PIGGYBACK 
Types: P85CLOOOHFZ 

Emulation for: P83CL410, P80CL51 

• 8-bit CPU, RAM, 110 in a single 
40-lead DIP 

• Socket for up to 16k extemal EPROM 

• 256 bytes RAM, expandable extemally to 
64Kbytes 

• Four B-bit ports, 32 110 lines 

• Two 16-bit timer/event counters 

• Extemal memory expandable up to 128K, 
external ROM up to 64K andlor RAM up to 
64K 

• Thirteen source, thirteen vector interrupt 
structure with two priority levels 

• Full duplex serial port (UART) 

• 12C-bus interface for serial transfer on two 
lines 

List of differences between masked microcontroller and corresponding piggyback' 

PARAMETER MASKED CONTROLLER 

RAM size 128 

ROM size 4k 

Port option 1,2,3 

Oscillator option 32kHz, Osc, 2, 3, 4, RC 

Mech. dimensions Standard Dual In-Line, Small Outline 

Current cons. 100 

Voltage range full 

ESD specification 
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• Enhanced architecture with: 

- non-page oriented instructions 

- direct addressing 
- four eight byte RAM register banks 

- stack depth up to 128 bytes 
- multiply, divide, subtract and compare 

instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at port 1 

• Single supply voltage of 1.8V to 6.0V 

• On-chip oscillator (option: oscillator 4) 

• Very low current consumption 

• Operating temperature range: 
-40 to +85"C 

PIGGYBACK 

256 

EPROM size dependent (max 16k) 

1 

Osc.4 

See Figure NO TAG 

100 (OSC. 4) + IEPROM 

full, limit!!!! b}! EPSQM 

not tested (different package) 
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GENERAL DESCRIPTION 
The 83CL411 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL411 is based on that of the 
8051. The 83CL411 is an 8-bit general 
purpose microcon1rOlier especially suited for 
cordless telephone applications. The device 
has low power consumption and a wide range 
of supply voltage. For emulation purposes, 
the 85CL781 (Piggy-back version) with 256 
bytes of RAM is recommended. The 83CL411 
has two software selectable modes of 
reduced activity for further power reduction: 
Idle and Power-down. The 83CL411 also 
functions as an arithmetic processor having 
facilities for both binmy and BCD arithmetic 
plus bit-handling capabilities. The instruction 
set consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 

ORDERING INFORMATION 
PACKAGE TYPE 

4(}.Pin Plastic Dual In-line Package 

44-Pin Plastic Quad Flat Package 

PIN CONFIGURATIONS 

IN12IPI.o I 

RxDldata P3.0 

TxD/dock Pal 11 

lR11IiP3.2 

lRTflP3.3 

TOIP3.4 

T11P3.5 

WRIP3.& 

RtI1P3.7 

XTAL2 

XTAL1 1 

Yss 

December 3, 1992 

You 

PO.I!/ADO 

PO.lIADI 

PO.2/AD2 

PO.3/AD3 

PO.4IAD4 

PO.SlADS 

PO.IiIADI 

PO.7/AD7 

Ell" 

ALE 

PSER 

P2.7/AIS 

P2.IiIAI4 

P2.SlAI3 

P2.41AI2 

P2.3/AI1 

3 P2.2/Al0 

P2.1/A1 

FEATURES 
• Full static BOC51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
4O-pin mini-pack or a 44-pin quad flat pack 

• 4K x 8 ROM, expandable externally 10 
64Kbytes 

• 256 bytes RAM, expandable externally 10 
64Kbytes 

• Four 8-bit ports, 32 110 lines 

• Two IS-bit timer/event counters 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Thirteen source, thirteen vec10r interrupt 
structure with two priority levels 

• Full duplex serial UART 

ORDER 
CODE 

P83CL411 HFP 

P83CL411 HFH 

P1.5I1NT7 I 

PUIIN18 2 

Pl.711N18 3 

P3.1ITXD/dock 7 

P3.2IIRIII 8 

P3.3IIIITf • 

P3.4ITO 1 
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83CL411 

• Enhanced architecture with: 
- non-page oriented instructions 

- direct addressing 
- four eight-byte RAM register banks 

- stack depth limited only by avaIlable 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• Power-down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8 V 10 6.0 V 

• Frequency range of 32kHz 10 12MHz 

• Very low current consumption 

• Operating temperature range: 
-4O"C 10 +85"C 

83CL411HFH 

DRAWING NUMBER 

SOT129 

SOT205 

PO.41AD4 

2 PO.51ADS 

1 PO.IiIAD& 

PO.7/AD7 

Ell" 

tIC 

ALE 

P!IER 

P2.7/A1S 

P2.6/A1. 

P2.51A13 
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PIN DESCRIPTION 
PIN DESIGNATION FUNCTION 

40 Pl.0IINT2 Port 1 : Port 1 is an 8-bit bidirectional 110 port with intemal pull-ups. Port 1 pins that 
41 Pl.l/INT3 have Is written to them are pulled HIGH by the internal pull-ups, and in that state 

42 Pl.21INT4 can be used as inputs. The Port 1 output buffer can sink/source 4 LS TIL loads. As 

43 Pl.3/INTS inputs, Port 1 pins that are extemally pulled LOW will source current (IlL in the 

44 
Pl.41INT6 characteristics) due to the internal pull-ups. 
Pl.5IINT7 

1 Pl.61INT8 
Port 1 also serves the altemative functions INT2 to INT9. 

2 Pl.7/1NT9 
3 

4 RST Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5,7-13 P3.0-P3.7 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. The Port 3 
output buffers cen sink/souroe 4 LS TIL inputs. Port 3 pins that have 15 written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs, Port 3 pins that are externally pulled LOW will source current (IlL 
in the characteristics) due to the internal pull-ups. 

5 P3.OIRxD/data RXD/dala: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 P3.1lTxD/clock TXD/ciock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 P3.2IINTO 1NTII: extemal interrupt O. 

9 P3.3ITRTf 1ATf: external interrupt 1. 

10 P3.41T0 TO: Timer 0 external input. 

11 P3.51TI Tl : TImer 1 external input. 

12 P3.6/WR WR: external data memory write strobe. 

13 P3.7/RO RD: external data memory read strobe. 

14 XTAL2 Crystal output: output of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

15 XTAl1 Cryslallnput: input to the inverting amplifier of the oscillator, also the input for an 
extemally generated clock souroe. 

16 Vss Ground: circuit ground potential. 

17 Test/Vss Test input: must be connectd to Vss or left open. 

18-25 P2.0-P2.7 Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that 
have IS written to them are pulled HIGH by the internal pull-ups, and in that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 LS TIL loads. 
Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pull-ups when emitting Is. During accesses to external memory that use B-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 PSEN Program store enable output: read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two !'SEN 
activations are skipped. 

27 ALE Address Latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes. 

29 9; External Access: When Ell: is held High the CPU executes out of internal program 
memory (unless the program counter exoeeds OFFFH). Holding Ell: LOW foroes the 
CPU to execute out of external memory regardless of the value of the program 
counter. 

30-37 PO.O-PO.7 Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output 
port it can sink 8 LS TIL loads. Port 0 pins that have 1 s written to them float, and in 
that state will function as high impedanoe inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong intemal pull-ups when emitting logic Is. 

38 Von Power supply. 
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1.0 FUNCTIONAL DESCRIPTION 

General 
The 83CL411 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory andlor up to 64K bytes of 
data storage. 

The 83CL411 contains a non-volatile 4K byte 
x 8 read-only program memory; a static 256 
byte x 8 readiwrite data memory; 32 I/O lines; 
two 16-bit timer/event counters; a 
thirteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 
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The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

In addition, the device provides a standard 
UART serial interface. 

cPU timing 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or lms if the oscillator 
frequency is 12MHz. 

Note: This datasheet covers only the special 
features of the 83CL411. For details on the 
83CL411 core and the 12C bus functions see 
the user manual: SINGLE-CHIP 8-BIT 
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Vss -
MICROCONTROLLER (USER MANUAL)
The MABB051/C51 microcontrollerfamily. 

1.1 Memory Organization 
The 83CL411 has a 4K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL411 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (FID 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 

1 ,1.1 Program Memory 
The 83CL411 contains 4K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 4K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external memory. If 
the ~ pin is strapped to VDD, then program 
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memoty fetches from addresses OOOH 
through OFFFH are directed to the internal 
ROM. Fetches from addresses l000H 
through FFFFH are directed to external ROM. 
Program counter values greater than OFFFH 
are automatically addressed to extemal 
memory regardless of the state of the Ell: pin. 

Please note Ihallhe flrsl version of 
83CL411 does nol support aulomalic 
memory swllchlng for addresses greater 
than OFFFH. For customerrs using more 
Ihan 4K memory It Is recommended to 
work In extemal mode only. The automallc 

FUNCTIONAL DIAGRAM 

VDD 
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memory switching will be supported by a 
second version 83CL411 , becoming 
available In the second half of 1993. 

1 .1.2 Data Memory 
The 83CL411 contains 256 bytes of internal 
RAM and 29 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Inlemal 
RAM locations 0-127 are direcHy and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirecHy 
addressable. The special function register 

--

locations 128--255 are only direcHy 
addressable. 

1 .1.3 Special Function Reglslers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial 110 registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

- LOW-ORDER } -} PORT 0 - ADDRESS AND 
-- DATA BUS ----

} - 1NT2 - 1NT3 - INT4 

PORT 1 - INTS - INT& - IN17 - INTB - IN10 

} =}~~ PORT 2 - ADDRESS 
- BUS ---} _. - -'} - TXDICLOCK - = ALTERNATIVE -- 10 FUNCTIONS - TI - WR -- AD 
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1 .1.4 Addressing 
The 83CL411 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register·plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs. the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Intemal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 

FROM PORT 
LATCH 

INPUT DATA 

1.2 I/O facilities 
1 .2.1 Ports 
The 83CL411 has 32 110 lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0, 1, 2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1: provides the inputs for the external 
interrupts INT2IINT9. 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: 

(1) external interrupt request inputs 

(2) counter input 

(3) control signals to read and write to 
external memories 

(4) UART input and output 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 
driver and an input buffer. Ports 1, 2 and 3 

STRONG PULL-UP 

INPUT BUFFER 

have internal pull-ups. Figure 4(a) shows that 
the strong transistor p 1 is turned on for only 
two oscillator periods after a 0-10-1 transition 
in the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pull-up pl is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 
Thirty of the 32 parallel port pins may be 
individually configured with one of the 
following options (see Figure 5). 

Please note that the options of port 
P1.61P1.7 are fixed to 2S (open drain) on 
the first version of 83CL411. A second 
version of 83CL411 will become available 
in the second half of 1993, where all 
options can be chosen for port P1.61P1.7. 

Option 1: Standard Port; quasi-bidirectional 
110 with pull-up. The strong booster pull-up 
pl is turned on for two oscillator periods after 
a 0-10-1 transition in the port latch (see 
Figure 4(a)). 

Option 2: Open drain; quasi-bidirectional 110 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). This option 
does not include the internal protection diode 
against VDO for port P1.6 and Pl.? 

READ PORT PIN 

+5V 

~/O ~u.-UP 
FROM PORT PIN 
LATCH I _______ ---'~ n 

"0 .. .L 

(A) STANDARD 

STRONG PULL·UP 

INPUT DATA 

READ PORT PIN 

(B) PUSH-PULL (C) OPEK-DRAIN 

Figure 4. Port Options 
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Option 3: Push.Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b». 

The definition of port options for Port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (~=O or access above the built-in 
memory boundary), and second, 110 
acoesses. 

External Memory Accesses: 

Option 1: True 0 and 1 are written as address 
to the external memory (strong pull-up is 
used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
acoesses as the port can only be used as 
output. 

I/O Accesses: 

Option 1: When writing a 1 to the port-latch, 
the strong pull-up pI will be on for two 
oscillator periods. No weak pull-up exists. 
Without an external pull-up, this option can be 
used as a high-impedance input. 

Option 2: Open drain; quasi-bidirectional 1/0 
with n-channelopen drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under this 
option, pins can only be used as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "SO or "R" 
to option 1, 2, or 3 above. 

Option S: SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 

1 _3 Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks oontinue functioning 
while the clock to the CPU is halted. 

The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer 1 

·SIO 

• External interrupt 

The Power-down operation freezes the 
oscillator. The Power~wn mode can only be 
activated by setting the PO bit in the PCON 
register. 

1 .3.1 Power control register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 
7654320 

MSB LSB 

.BIT SYMB.QL FUNCTION 

PCON.? SMOD Oouble Baud rate bit. 

PCON.6 

PCON.S 

PCONA 

!ill 
PCON.3 

PCON.2 

.sYMBQl. 

GFI 

GFO 

When set to logic 1 
the baud rate is 
doubled when the 
serial port SIOO is 
being used in 1, 2, or 
3 

(reserved) 

(reserved) 

(reserved) 

EUt::lQIIQt::l 
General-purpose 
flag bit 

General-purpose 
flag bit 

PCON.l PO 

PCON.O IOL 
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Power-down bit. 
Setting this bit 
activates 
Power-down mode. 

Idle mode bit. Setting 
this bit activates the 
Idle mode. 

If logic 1 s are written to PO and IOL at the 
same time, PO takes precedence. The reset 
value of PCON is (OXXOOOOO). 

1 .3.2 Power-down Mode 
The instruction setting PCON.l is the last 
executed priorto going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The oontents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1 .3.3 Wake-up Mode 
Setting PD flag in the PCON register forces 
the controller into the Power-<iown mode. 
Setting this flag enables the controller to be 
awakened from the Power-down mode with 
either the external interrupts INT2IINT9, or a 
reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1 .3.3.1 Wake-up using INT2IINT9 
If INT2to INT9 are enabled, the 83CL411 can 
be awakened from power-down mode with 
the external interrupts. To ensure that the 
oscillator is stable belore the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1 .3.3.2 Wake-up using RESET 
To wake-up the 83CL411 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 11 
illustrates the two possibilities for wake-up. 

POWER-DOWN ~ 

RESET PIN _______ -----1L-

~~-""~ ~f----r-*-
OSCILLATOR --E:d .! 

DELAY COUNTER > 24 PERIODS 
1536 PERIODS 

Figure 5. Wake-up Operation 
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1 .3.4 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode. the CPU stetus is preserved in 
its entire1y: the Stack Pointer, Program 
Counter. Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 4. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1toPCON.0. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, VDD may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status 01 the external pins during Idle 
and Power-<lown mode is shown in Table 4. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-<lown mode 
by the strong pull-up transistor p1 (see Figure 
4(a». 

1.4 Standard Seriallnter1ace 
Sloo: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 

December 3, 1992 

second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits 
through RxO. TxO outputs the shift clock. 
Eight bits are transmitted/received (LSB 
first). The baud is fixed at 1/12 the 
oscillator frequency. 

Mode 1 : Ten bits are transmitted (through 
TxO) or received (through RxO): a start bit 
(0), 8 data bits (LSB first), and a stop bit 
(1). On receive, the stop bit goes into RBS 
in Special Function Register SCON. The 
baud rate is variable. 

Mode 2: Eleven bits are transmitted 
(through TxO) or received (through RxO): 
start bit (0), 8 data bits (LSB lirst), a 
programmable ninth data bit, and a stop bit 
(1). On Transmit, the ninth data bit (TBS in 
SCON) can be assigned the value of 0 or 
1 . Or, for example, the parity bit (P, in the 
PSW) could be moved into TBS. On 
receive, the ninth data bit goes into RB8 in 
Special Function Register SCaN, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 

Mode 3: Eleven bits are transmitted 
(through TxO) or received (through RxO): a 
start bit (0), 8 data bits (LSB first), a 
programmable ninth data bit and a stop bit 
(1). In fact, Mode 3 is the same as Mode 2 
in all respects except baud rate. The baud 
rate in Mode 3 is variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

1.4.1 Multiprocessor Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, nine data bits are received. The ninth 
one goes into RB8. Then comes a stop bit. 
The port can be programmed such that when 
the stop bit is received, the serial port 
interrupt will be activated only if RBS = 1. 
This feature is enabled by setting bit SM2 in 
SCON. A way to use this feature in 
multiprocessor systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
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a data byte in that the ninth bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = I, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

1.4.2 Serial port control register 
The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 16. The register contains not only 
the mode selection bits, but also the ninth 
data bit for transmit and receive (TBS and 
RBS), and the serial port interrupt bits (TI and 
RI). 

BAUD RATES 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency 112. The 
baud rate in Mode 2 depends on the value of 
bit SMOO in Special Function Register 
PCON. If SMOO = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOO = 1, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2SMOD 164)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the TImer 1 or TImer 2 
overflow rate. 

USING TIMER 1 TO GENERATE BAUD 
RATES 
When TImer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the TImer 1 overflow rate 
and the value of SMOO as follows: 

Modes 1, 3 Baud Rate = (2SMOD 132)(TImer 1 
Overflow Rate) 

The TImer 1 interrupt should be disabled in 
this application. The TImer itself can be 
configured for either "timer· or ·counter· 
operation, and in any of its three running 
modes_ In most typical applications, it is 
configured for timer operation, in the 
auto-reload mode (high nibble of TMOO = 
0010B). In that case the baud rate is given by 
the formula: 

Mode 1,3 Baud Rate = {(~MOD /32) x 
(Oscillator Frequency)} I {12 x (256- (TH1)) 
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One can achieve very low baud rates with 
limer 1 by leaving the limer 1 interrupt 
enabled, and configuring the limer to run as 
a lS-bit timer (high nibble of TMOD; 00018), 
and using the limer 1 interruptlo do a 16-bit 
software reload. Table 5 lists various 
commonly used baud rates and how they can 
be obtained from limer 1. 

1.5 Interrupt system 
External events and the real·time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
nonnal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 

provided. The 83CL411 acknowledges 
interrupt requests from thirteen sources as 
follows: 

• INTO through INT9 

• limer 0, limer 1 

• UART 

Table 4. Status of the External Pins during Idle and Power-down Modes 
MODE MEMORY ALE PSER 

Idle (1) Internal 1 1 

Idle (1) External 1 1 

Power-down Internal 0 0 

Power-down External 0 0 

MSB LSB 

I SMO I SM1 I SM21 REN hBB I RBB I TI I RI I 

Where SMO, SMl specify the serial port mode, as follows: 

SMO SM1 MQIUi t!~SC!!I~IIQf!I II/HIt! !!AI~ 
0 0 0 Shift register fosc/12 
0 1 1 8-bitUART variable 

0 2 9-bitUART lose 164 or fosc 1 32 
1 3 9-bit variable UART 

PORTO PORT 1 PORT 2 PORT 3 

Portdala Portdala Port data Portdala 

Floating Port data Address Port data 

Portdala Port data Port data Port data 

Floating Port data Port data Port data 

SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated if 
the received ninth data bit (RBS) is O. In Mode 1, if SM2;1 then Rl will 
not be activated if a valid stopbit was not received. In Mode 0, 8M2 
should be O. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBB is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RBB in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1, il SM2=O, RBS is the stop bit that was received. In Mode 0, 
ROO is not used. 

TI is transmit interrupt flag. Set. by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

RI is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 

Figure 6. Serial Port Control (SCON) Register 

Table 5. Timer 1 Generated Commonly Used Baud Rates 
BAUD RATE tose SMOD CIT TIMER 1 MODE RELOAD VALUE 

Mode 0 Max: 1 MHz 12MHz X X X X 
Mode 2 Max: 375K 12MHz 1 X X X 
Mode 1, 3: 62.5K 12MHz 1 0 2 FFH 

19.2K 11.059MHz 1 0 2 FDH 

9.6K 11.059MHz 0 0 2 FDH 

4.8K 11.059MHz 0 0 2 FAH 

2.4K 11.059MHz 0 0 2 F4H 

1.2K 11.059MHz 0 0 2 ESH 

137.5K 11.9S6MHz 0 0 2 lDH 

110K 6MHz 0 0 2 72H 

11 OK 12MHz 0 0 1 FEEBH 
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Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

1 .5.1 External Interrupts INT2IINT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 

INTERRUPT 
SOURCES 

r-
xo 

r--
XS 

r--
TO 

r-
X6 

r--
x, 

r--
X2 

-
7.:l 

r--
T1 

.--
X3 

r--
Xa 

r--
so 

I--
X4 

I--
X9 

'--

IENOI1 IPo/l 
REGISTERS 

"""'-o---.-rC 
I 

~c;,. 
.......-~ 

I 
I 

0---efC 
er-+c 10-

O----efc 
I 

o.-.-rc 
I 

&--.-k 
I 

&---.-jo-
&----..h 

I 

O----efc 
I 

&----..tc 
er--.+c 

I 
I 

GLOBAL 
ENABLE 

-

..... 

--
--
..... 

--
-
-
--
---
-
-. 
'---

When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IXI register, each pin may 
be initialized to either active HIGH or LOW. 
IRQl is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

PRIORITY 

~ 
LOW 

j 
Pl.7 

P1.6 

w 
<> P1.S 
z 
w 
is w P1.4 

'" lil 
::J 
-' 

Pl.3 
0 
0-... 
0-
:> P'.2 
a: 
a: w ... 
:;!; Pl.1 

j 
P'.o 

l...-
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The Port 1 interrupts are level sensitive. A 
Port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on PIx is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 

IX' lEN, IRQ1 

Hr---·X9 

I-l.----xa 

1--Ho---X7 

I-Hlo--X6 

I-Ull:!o-- X4 

I-HIIIH.--- X3 

I-HIIIIll.- X2 

WAKE-UP 

Figure 7. Interrupt System Figure 8. External Interrupt Configuration 
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Interrupt Enable Register IENO, Interrupt Priority Register Interrupt Polarity Register 
IEN1 IPO,IP1 IX1 

lEND (ABH)I EA I Enl ES,I ESOI ETlI Ex,l ETDI EXOI 11'0 (B8H) I - I Pl21 ps,l pso I PT, I px,l PTD I PXO I IX, (BlH) IILlI 11L8IIL71116IILSIIIA 11131112I 

BIT SYMBOL FUNCTION mr SYMBQL FUNCTION Writing either a "1" or "0" to an IX 1 register bit 
sets the polarity level of the corresponding 

IENO.7 EA General enablel IPO] Unused external interrupt to active HIGH or LOW 
disable control IPO.6 PT2 Unused respectively. 
0= no interrupt is 
enabled; IPO.S PSI Unused B!I lffimQL E!.!HCIlOH 
1 =any individually IPO.4 PSO UART SIO interrupt IX1.7 1L9 External interrupt 9 enabled interrupt will be 
accepted priority level polarity level 

IENO.6 ET2 Must be set to 0 by IPO.3 PT1 limer 1 interrupt IX1.6 ILB External interrupt 8 

the user priority level polarity level 

IENO.S ES1 Must be set to 0 by IPO.2 PXl External interrupt 1 IX1.S IL7 External interrupt 7 

the user priority level polarity level 

IENO.4 ESO Enable UART SIO IPO.l PTO limer 0 interrupt IX1.4 IL6 External interrupt 6 

interrupt priority level polarity level 

IENO.3 ETI Enable limer T1 IPO.O PXO External interrupt 0 IX1.3 ILS External interrupt 5 

interrupt priority level polarity level 

IENO.2 EX1 Enable external IX1.2 IL4 External interrupt 4 

interrupt 1 polarity level 

IENO.l ETO Enable limer TO IX1.l IL3 External interrupt 3 

interrupt polarity level 

IENO.O EXO Enable external IX 1.0 1L2 External interrupt 2 

interrupt 1 polarity level 

lEN, (BI~ EXsI EXBI EXd EX. I EXS I EX41 EXaI EX21 IP, (F8H) I PX91 PX81 PX71 px.1 PXS I PX41 PX31 P~ Interrupt Request Flag Register 
IRQ1 

BIT SYMBOL EUHCTION mr SYMBQL FUHCIlON IRQ' (COHjl08II09IIQ711Q6llosl104II03IIQ21 
IEN1.7 EX9 Enable external IP1] PX9 External interrupt 9 

interrupt 9 priority level B!I SYMBOL EUNCnON 

IEN1.6 EX8 Enable external IP1.6 PX8 External interrupt 8 IR01] 109 External interrupt 9 
interrupt 2 priority level request flag 

IEN1.S EX7 Enable external IP1.S PX7 External interrupt 7 IR01.6 108 External interrupt 8 

interrupt 2 priority level request flag 

IEN1.4 EX6 Enable external IP1.4 PX6 External interrupt 6 IR01.S 107 External interrupt 7 

interrupt 2 priority level request flag 

IEN1.3 EXS Enable external IP1.3 PXS External interrupt S IR01.4 lOG External interrupt 6 

interrupt 2 priority level request flag 

IP1.2 PX4 External interrupt 4 
IR01.3 105 External interrupt 5 

IEN1.2 EX4 Enable external request flag 
interrupt 2 priority level 

IR01.2 104 External interrupt 4 
IEN1.1 EX3 Enable external IP1.1 PX3 External interrupt 3 request flag 

interrupt 2 priority level IROl.l 103 External interrupt 3 

IEN1.0 EX2 Enable external IP1.0 PX2 External interrupt 2 request flag 

interrupt 2 priority level IR01.0 102 External interrupt 2 
request flag 

where 0 = interrupt disabled Interrupt priority is as follows: 

1 = interrupt enabled o = low priority 
1 = high priority 
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1 .5.2 Interrupt vectors 

(highest) Vector Source 

XO 0003H externallO 
XS OOS3H externalS 
TO OOOBH timer 0 
X6 OOSBH external 6 
Xl 0013H external 1 
X2 003BH external 2 
X7 0063H external 7 
T1 00lBH timer 1 
X3 0043H external 3 
X8 006BH external 8 
SO 0023H UART 
X4 004BH external 4 
X9 0073H external 9 
(lowest) 

INTERRUPT PRIORITY 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .5.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

83CL411 

Voo 

REGISTER FUNCTION 
SFR 

ADDRESS 

IXl Interrupt polarity E9H 
register 

IRQl Interrupt request COH 
flag register 

IENO Interrupt enable A8H 
register 

IENl Interrupt enable E8H 
register (INT2-INT9) 

IPO Interrupt priority BBH 
register 

IPl Interrupt priority F8H 
register {INT2-INT9} 

1.6 Oscillator Circuitry 
The on-chip oscillator circuitry of the 83CL411 
is a single-stage inverting amplifier biased by 
an internal feedback resistor (Figure 9). For 
operation as a standard quartz oscillator, no 
external components are needed (except at 
32kHz). When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 10 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 
XTAL 1. To drive the device with an external 

Voo 

PO 

TO INTERNAL 
nMING 

CIRCUITS 
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clock source, apply the external dock signal 
to XTAL 1, and leave XTAl2 to float, as 
shown in Figure 18. There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1 .6.1 Oscillator options (see Figure 18) 

32kHz: Figure 10(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MQ bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Figure 10(e): An option for 
low-power, low-frequency 
operations using LC components 
or quartz. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4· An option for high frequency range 
applications. 

RC: Figure 10{g). An option for an RC 
oscillator. 

The equivalent circuit data of the internal 
oscillator compares with that of matched 
crystals. 

v 0 

XTAll XTAL2 

Figure 9. Oscillator 
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1 1 
(A) (8) (C) 

ft XTAL. 

1 1 1 1 
(D) (E) 

Voo 

(F) (G) 

Figure 10. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

MAX. RESONATOR 
RESONATOR !(MHz) OPTION Cl EXT. (pF) C2 EXT. (pF) SERIES RESISTANCE 

MIN MAX MIN MAX 15kn 4 

Quartz 0.032 32kHz 5 15 0 0 600n 

Quartz 1.0 Oso.2 0 30 0 30 lOOn 

Quartz 3.58 Osc.2 0 15 0 15 750 

Quartz 4.0 Osc.2 0 20 0 20 60n 

Quartz 6.0 Osc.3 0 10 0 10 60n 

Quartz 10.0 Osc.4 0 15 0 15 40n 

Quartz 12.0 Osc.4 0 10 0 10 20n 

PXE 0.455 Osc.2 40 50 40 50 lOOn 

PXE 1.0 Osc.2 15 50 15 50 10n 

PXE 3.58 Osc.2 0 40 0 40 10n 

PXE 4.0 Osc.2 0 40 0 40 50 

PXE 6.0 Osc.2 0 20 0 20 6Q 

PXE 10.0 Osc.3 0 15 0 15 6Q 

PXE 12.0 Osc.4 10 40 10 40 10f1H = In 

LC Osc.2 20 90 20 90 100,..H =50 
lmH =750 

NOTES: 
4. 32kHz quartz crystals with a series resistance higher than 15kQ will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 11) 

PARAMETER OPTION SYMBOL CONDITION MIN TYP MAX UNIT 

Transconductance 32kHz 9m T; +25°C, Voo ; 4.5V - 15 - I-IS 

Osc.2 9m T; +25°C, Voo ; 4.5V 200 600 1000 jlS 

Osc.3 9m T; +25°C, Voo ; 4.5V 400 1500 4000 jlS 

Osc.4 9m T; +25°C, VOO ; 4.5V 1000 4000 10000 jlS 

Input capacitance 32kHz eli - 3.0 - pF 

Osc.2 C1i - 8.0 - pF 

Osc.3 C1i - 8.0 - pF 

Osc.4 C1i - 8.0 - pF 

Output capacitance 32kHz C2i - 23 - pF 

Osc.2 C2i - 8.0 - pF 

Osc.3 C2i - 8.0 - pF 

OscA C2i - 8.0 - pF 

Output resistance 32kHz R2 - 3800 - kn 

Osc.2 R2 - 65 - kn 

Osc.3 R2 - 18 - kQ 

Osc.4 R2 - 5.0 - kn 

XTAL, ~ XTAL2 

,,'~ ~ C1i [ :: C2i 
R2 

Figure 11, Equivalent Circuit Diagram 
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1 .6.2 RC Oscillator 
The externally adjustable RC-<>scillator has a 
frequency range from 100kHz to 500 kHz. 

1.7 Reset circuitry 
To initialize the 83CL411, a reset is performed 
by either of two methods: 

• via the RST pin 

• via a power-on-reset 

It leaves the internal registers as follows: 

Register 
ACC 
B 
DPL 
DPH 
lEO 
lEI 
IPO 
IPI 
IXI 
IRQl 
PCH 
PCL 
PCON 
PO-P3 
SOBUF 
SOCON 
SP 
TCON 
THO,THI 
TLO,TLI 
TMOD 
PSW 
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~ 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXOOOOOO 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXOOOOO 
1111 1111 
XXXXXXXX 
0000 0000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 

6IJO 

400 

fasc: 

(I"l<) 

2110 

\ 
\ 

'\.. 
r--.. t-. 

o O~...L~2-L...~4--'-~6 
RC Cpol 

Figure 12. Frequency as a 
Function of RC 

The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO--P3 is 1111 1111. 

The reset input to the 83CL411 is RST pin 
15. A Schmitt trigger qualifies the inputfor 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH lor at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and J'SEil are held HIGH. 

SCHMITT 
TRIGGER 

Figure 13. Reset Configuration at RST Pin 
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The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by resel 
When Voo is tumed on the RAM contents are 
indeterminate. 

1.7.1 Power-on reset 
The 83CL411 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately SOmV at a 
typical power-<>n switching level of 1.3V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-<>n by connecting the RST pin to Voo 
via a lOI1F capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
internal resistor RRST to ground. The larger 
the capacitor, the more slowly VRST 
decreases. VRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start·up time, plus 2 
machine cycles. 
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SUPPLY 
VOLTAGE 

POWER-ON 
RESET (INTERNAL) 

OSCILLATOR 

CPU RUNNING 

SWITCHING LEVEL 

~ ~---------------------

1536 OSCILLATOR 
PERIODS DELAY 

Figure 14. Power-on Reset Switching Level 

vccJ 
+ 

10JlF 83CL411 

RST 

RRST 

.:, 

Figure 15. Recommended Power-on Reset Circuitry 
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1.8 Instruction Set 
The 83CL411 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 

execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 

Table 6. Instruction Set Description 

MNEMONIC DESCRIPTION 

Arithmetic Operations 

ADD A,Rr Add register to A 

ADD A,direct Add direct byte to A 

ADD A,@Ri Add indirect RAM to A 

ADD A,#data ADD immediate data to A 

AD DC A,Rr Add register to A with carry flag 

AD DC A,direct Add direct byte to A with carry flag 

AD DC A,@R Add indirect RAM to A with carry flag 

ADDC A,#data Add immediate data to A with carry flag 

SUBB A,Rr Subtract register from A with borrow 

SUBB A,direct Subtract direct byte from A with borrow 

SUBB A,@Ri Subtract indirect RAM from A with borrow 

SUBB A,#data Subtract immediate data from A with borrow 

INC A IncrementA 

INC Rr Increment register 

INC direct Increment direct byte 

INC @R Increment indirect RAM 

DEC A Decrement A 

DEC Rr Decrement register 

DEC direct Decrement direct byte 

DEC @R Decrement indirect RAM 

INC DPTR Increment data pointer 

MUL AB MultiplyA& B 

DIV AB Divide A by B 

DA A Decimal adjust A 

Log ic Operations 

ANL A,Rr AND register to A 

ANL A, direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANI direct,A AN D A to direct byte 

ANL direct,#data AND immediate data to direct byte 

ORL A,Rr OR register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct, A OR A to direct byte 
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16 three-byte instructions. When using a 
12MHz oscillator, 64 instructions execute in 
lj1S and 45 in 2j1S. Multiply and divide 
instructions execute in 4f1s. 

BYTES! OPCODE 
CYCLES (HEX.) 

1 1 2' 

2 1 25 

1 1 26,27 

2 1 24 

1 1 3' 

2 1 35 

1 1 36,37 

2 1 34 

1 1 9' 

2 1 95 

1 1 96,97 

2 1 94 

1 1 04 

1 1 0" 

2 1 05 

1 1 06,07 

1 1 14 

1 1 I' 

2 1 15 

1 1 16,17 

1 2 A3 

1 4 A4 

1 4 84 

1 1 D4 

1 1 5" 

2 1 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4" 

2 1 45 

1 1 46,47 

2 1 44 

2 1 42 
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Table 3. Instruction Set Description (Continued) 
BYTESt OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

logic Operations (continued) 

ORL direct,#data OR immediate data to direct byte 3 2 43 

XRL A,Rr Exclusive-OR register to A 1 1 6' 

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-OR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct, #data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right throught the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 

Data Transfer 

MOV' A,Rr Move register to A 1 1 E' 

MOV A,direct Move direct byte to A 2 1 E5 

MOV A@R Move indirect RAM to A 1 1 ES,E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 1 P 

MOV Rr,direct Move direct byte to register 2 2 A' 

MOV Rr,#data Move immediate data to register 2 1 7" 

MOV direct,A Move A to direct byte 2 1 F5 

MOV direct,Rr Move register to direct byte 2 2 8' 

MOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct, #data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 FS,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 AS,A7 

MOV @Ri'#data Move immediate data to indirect RAM 2 1 7S,77 

MOV DPTR,#data16 Load data pointer with a lS-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

MOVX A,@Ri Move external RAM (S-bit address) to A 1 2 E3,E3 

MOVX A,@DPTR Move external RAM (16-bitaddress) to A 1 2 EO 

MOVX @Ri,A Move A to extemal RAM (8-bit address) 1 2 F2, F3 

MOVX @DPTR,A MOV A to external RAM (1S-bit address) 1 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 
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Table 3. Instruction Set Description (Continued) 

BYTES! OPCODE 
MNEMONIC DESCRIPTION CYCLES (HEX.) 

Data Transfer (continued) 

XCH A,Rr Exchange register with A 1 1 C' 

XCH A,direct Exchange direct byte with A 2 1 C5 

XCH A,@Ri Exchange indirect RAM with A 1 1 C6,C7 

XCHO A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 06,07 

Boolean VarIable Manipulation 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SETB C Set carry flag 1 1 03 

SETB bit Set direct bit 2 1 02 

CPL C Complement carry flag 1 1 B3 

CPL bit Complement direct bit 2 1 B2 

ANL C,bit AND direct bit to carry flag 2 2 82 

ANL C/bit AND complement of direct bit to carry flag 2 2 BO 

ORL C,bit OR direct bit to carry flag 2 2 72 

ORL C/bit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to direct bit 2 2 92 

Program and Machine Control 

ACALL addr11 Absolute subroutine call 2 2 u1addr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine 1 2 22 

RETI Return from interrupt 1 2 32 

AJMP addr11 Absolute jump 2 2 ... 1 addr 

LJMP addr16 long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

JB bit, rei Jump if direct bit is set 3 2 20 

JNB bit,rel Jump if direct bit is not set 3 2 30 

JBC bit,reI Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 B5 

CJNE A,#dala,rel Compare immediate to A and jump if not equal 3 2 B4 

CJNE Rr,#dala,rel Compare immed. to reg. and jump if not equal 3 2 B' 

CJNE @Ri,#dala,rel Compare immed. to indo and jump if not equal 3 2 86,B7 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 O' 

OJNZ direct,rel Oecrement direct and jump if not zero 3 2 05 

NOP No operation 1 1 00 
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NOTES TO TABLE 6: 
Data addressing modes 

Rr Working register RO-R7 
direct 128 internal RAM locations and any special function register (SFR) 
@Ri Indirect internal RAM location addressed by register RO or Rl. 
#data B-bit constant included in instruction 
#data 16-bit constant included in instruction 
bit Direct addressed bit in internal RAM or SFR. 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 

memory address space. 
addr11 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 
rei Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 5 
* 8,9, A, B ,C ,D ,E ,F. 

11,31,51,71,91, B1, 01, Fl. 
01,21,41,61,81, AI, Cl, El. 

2.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 
Umiting values in accordance with the Absolute Maximum System (lEC 134) 

SYMBOL PARAMETER 

VDD Supply voltage (Pin 40) 

V, All input voltages 

1,,10 DC current into any input or output 

Plot Total power dissipation 

TSIQ Storage temperature range 

Tamb Operating ambient temperature range 

Tj Operating junction temperature 
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LIMITS 

MIN MAX 

-0.5 6.5 

-0.5 Voo+0.5 

- 5 

- 300 

-65 150 

-40 85 

- 125 

UNIT 

V 

V 

rnA 

mW 

DC 

DC 

DC 
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3.0 DC ELECTRICAL CHARACTERISTICS 
VOO = 1 BV to SV' Vss = OV' Tamb = -40°C to ->85°C all voltages with respect to Vss; unless otherwise specified. 

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

Voo Supply voltage felK 1.B - S.O 
RAM retention voltage in power-down mode 1.0 -

100 Power supply current: - - Ibf 

Operating - - Ibf 

Idle mode - - Ibf 

Power-down mode - - Ibf 

Ipo - - 10 

Vil Input low voltage Vss - 0.3Voo 

VIH Input high voltage O·7Voo - Voo 

IOl Output sink current, except SDA, SCL Voo = 5v, VOL = 0.4V 1.S - -

Output sink current, SDA. SCL Voo = 25v, VOL = D.4V 0.7 - -

IOH Output source current Voo = 5v, VOH = Voo-O.4V 1.6 - -

Voo = 2.Sv, VOH = VOD-0.4V 0.7 - -

III Logical 0 input current, Ports 1 , 2, 3 Voo = 5v, VIN = 0.4V - - -100 

Voo = 2.5v, VIN = OAV - - -so 
In. Logical l-to-O transition current, Ports 1, 2, 3 Voo = 5v, VIN = VorJ2 - - -1.0 

Voo = 2.5v, VIN = VorJ2 - - -so~ 

III Input leakage current, Port 0, EA, SCL, SDA Vss < VI < Voo - - ±10 

RRST Internal reset pull-down resistor 10 - 200 

NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTALI driven with t, = ~ = IOns; Vil = Vss+0.5V; 

VIH = Voo-D.5V; XTAL2 not connected; EA = RST + Port 0 = Voo. 

UNIT 

V 

rnA 

J.lA 
rnA 

J.lA 

J.lA 
V 

V 

rnA 

rnA 

rnA 

rnA 

J.lA 
J.lA 
rnA 

J.lA 

J.lA 
k!l 

2. The idle mode supply current is measured with all output pins disconnected; XTALI driven with t, = tf = IOns; Vss = 0.5V; VIH = Voo-O.5V; 
XTAL2 not connected; EA = RST + Port 0 = Voo. 

3. The power-down current is measured with all output pins disconnected; XTALI not connected; EA = Port 0 = Voo; RST = Vss. 
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 

1 and Port 3 pins when these pins make a l-to-O transition during bus operations. In the most adverse conditions (capacitive loading> 
10OpF) the noise pulse on the ALE line may exceed O.SY In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Voo specification when the address bits are stabilizing. 
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4.0 AC CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 
VOO = 5V±10%; Vss = OV; T.rrb = -40°C to +85°C; cL = SOpF for Port O. ALE and PSEN; CL = 80pF for all other outputs 
unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX 

Program Memory (see Figure 16) 

ILL ALE pulse duration 127 ~ 2lcK-40 ~ 

tAL Address set-up time to ALE 43 ~ IcK-40 ~ 

!LA Address hold time after ALE 48 ~ IcK-35 ~ 

ILc Time from ALE to control pulse PSEN 58 ~ IcK-25 ~ 

tLiV Time from ALE to valid instruction input ~ 233 ~ 41c"loo 

tee Controt pulse duration PSEN 215 ~ 3lcK-35 ~ 

IcIV Time from PSEN to valid instruction input ~ 125 ~ 3tCK-125 

Icl Input instruction hold time after PSEN 0 ~ 0 ~ 

IcIF Input instruction float delay after PSEN ~ 63 ~ tCK-20 

tAC Address valid after PSEN 75 ~ IcK~ 

tAIV Address to valid instruction input ~ 302 ~ 5lcK-115 

tAFC Address float time to PSEN 12 ~ 0 ~ 

AC ELECTRICAL CHARACTERISTICS 
Voo = 5V; Vss = OV; T arrb = -40°C to +85°C; CL = 50pF for Port 0; ALE and PSEN, CL = 40pF for all other outputs 
unless otherwise specified. 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX 

External Data Memory (see Figures 17 and 18) 

tRR RD pulse duration 400 ~ 6lcK-l00 ~ 

tww WR pulse duration 400 ~ 6lcK-l00 ~ 

ILA Address hold time after ALE 48 ~ IcK--35 ~ 

tRO RD to valid data input ~ 150 ~ 51cK-165 

tOFR Data float delay after RD ~ 97 ~ 21c,,70 

lLo Time from ALE to valid data input ~ 517 ~ 8tCK-150 

tAD Address to valid data input ~ 585 ~ 9lcK-165 

tLW Time from ALE to RD and WR 200 300 3IcK-SO 3tCK+50 

lAw Time from address to RD or WR 203 ~ 4 ~ 

tWHLH Time from RD or WR HIGH to ALE HIGH 43 123 IcK-40 IcK+40 

towx Data valid to WR transition 23 ~ IcK-60 ~ 

tow Data set-up time before WR 433 ~ 71cK-150 ~ 

two Data hold time after WR 33 ~ IcK-SO ~ 

tAFR Address float delay after RD ~ 12 ~ 12 

NOTES: 
1. Interfacing the 83CL411 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 

Port 0 drivers. 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 16. Read from Program Memory 

AL 
E~-----'t.D 

PSEII 

RD 

PO RTO 

1----- 'LD 

'\ 
tAL -I--- 'LA I 
~'AW I 

AtlO TO AD1 IX 
-

'AD 

'RR 

'RD--

~ 
f-- 'AFR 

twHL 

'DF 

DATA INPUT 

PO RT2 > ADDRESS AS TO A150R PORT 2 OUT 

Figure 17. Read from Data Memory 

ALE 

PSEII 

-1 

I 
[ 

WR 
____ 1--__ ...,.[ '""~-- tww -----;~_-

towx 
'DW twD 

DATA OUTPUT 

PORT 2 ---'" ADDRESS AS TO A15 OR PORT 2 OUT 

Figure 18. Write to Data Memory 
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DOrrEDUNES 
ARE VAUD WHEN 
RDORWR 
ARE ACTIVE 

ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATANEMORY 

ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATANENORY 

EXTERNAL 
PROGRAN 
MEMORY 
FETCH 

READ OR WRITE 
OF EXTERNAL 
DATANEMORY 
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XTAL1 
INPUT 

ALE 

WR 

t BUS 
(PORTO) 

PORT 2 

t BUS 
(PORTO) 

PORT 2 

I 
1....-----, 
I L..----' 

ADDRESS All-A 15 

ADDRESS All-A15 

ONE MACIINE CYCLE ::J 
S1 S2 S3 S4 S5 sa 

P1 P21 P1 P21 P1 P21 P1 P21 P1 P21 P1 P2 

-.-------.u 
'-----' I 

I 

ADDRESS All-A 15 ADDRESS All-A15 ADDRESS AII-A 15 

DATA OUTPUT OR DATA INPUT 

ADDRESS All-A15 OR PORT 2 OUT ADDRESS All-A 15 

PORT~~3--~--------------------------,r--------------------------~--
OUTPUT 

PORT 1 
OUTPUT 

OLD DATA 

DLDDATA 

NEW DATA 

NEW DATA 

PORT~~3 _...:..-______ .JIlI. ________ ..... IlI __ ....;I_ 

~ I SAIIPUNG TINE DF I/O PORT PINS DURING INPUT 

PORT 1 n n INPUT _______ ---' L.. ________ ---' L.. __ 

SERIAL 
PORT 

CLOCK 

Figure 19. Instruction Cycle l1ming 
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5.0 CHARACTERISTIC CURVES 

0.7Voo o.7Voo 
0.9Voo » TEST 9< PaNTS 

0.4 Voo 

O.3Voo 0.3 Voo 

Figure 20. AC Testing Input Waveform 

,02 

ITL 
1 rnA 10' 

'XTAL 
(MHz) 

-IL 1 

10) 

100p .!Jh 
10.2 

4 6 
Voo(V) 

Figure 21. Input Current Figure 22. Frequency Operating Range 
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2 

81---I- To be - I---
Determined 

4 

0 
o 4 

Figure 23. Typical Operating Current v •• 
Frequency and Yuu• Tomb = 25°C 

4 

-

o 
o 

~ 
To be 

Determined 
-
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83CL411 

4 

To be 
- - --

o 
o 

-

Determined 

Figure 24. Typical Idle Current v •. 
Frequency and Yuu• Tomb = 250C 

Figure 25. Typical Power-clown Current vs. Yuu. T amb = 250C 
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GENERAL DESCRIPTION 
The 83CL580 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83Cl580 is based on that of the 
8051. The 83CL580 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephones and mobile 
communication applications. The device has 
low power consumption and a wide range of 
supply voltage. For emulation purposes, the 
85CL580 (Piggy-back version) with 256 bytes 
of RAM is recommended. The 83CL580 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-down. The 83CL580 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 

ORDERING INFORMATION 

FEATURES 
• Full static 8OC51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
56-lead VS056 or 64-lead QFP64 package 

• 6K x 8 ROM, expandable externally to 64K 
bytes 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Five 8-bit ports, 40 I/O lines 

• Three 16-bit timer I event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and I or RAM up 
to64K 

• On-ohip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen source, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 

• 12C-bus interface for serial transfer on two 
lines 

• AID converter with power-down mode 
(8-bit, 4 inputs) 

PHILIPS PART ORDER PHILIPS NORTH AMERICA 1 

NUMBER PART MARKING PART ORDER NUMBER 

Objective specification 

80Cl580/83Cl580 

• Pulse width modulated output (8-bit 
resolution) 

• Watchdog timer 

• Enhanced architecture with: 

- non-page oriented instructions 

- four eight byte RAM register banks 

- direct addressing 

- multiply, divide, subtract and compare 
instructions 

stack depth limited only by available 
internal RAM (max. 256 bytes) 

• Power-Down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 2.5V to 6.0V 

• Frequency range of 32 kHz to 12 MHz 

• Very low current consumption: typically 6 
rnA at 3.5V I 8 MHz 

• Operating temperature range: -40 to 
+85 0 C 

TEMPERATURE RANGE °C DRAWING 
ROMless ROM ROMless ROM AND PACKAGE FREQUENCY NUMBER 

P80CL580HFT P83CL580HFT P80CL580HF D P83CL580HF D -40 to +85 56-Lead Plastic 32KHz to 12MHz SOT129 
VSO (Very Small Outline) 

Dual In-line Package 

P80CL580HFH P83CL580HFH P80CL580HF B P83CL580HF B -40 to +85 64-Lead Plastic 32KHz to 12MHz SOT319 

Quad Flat Pack 
NOTES: 
1. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN CONFIGURATIONS 

ADD 

AVREFP 

AVss 

P4.D 

P4.' 

P4.2 

P4.3 

P4.4 

P4.5 

P5.6 

P'.3 

P'.4 

P'.5 

P1.6 

PWIM) 

XTAU 

XTAU 

Vss 

PIN DESCRIPTION 
PIN 

VS056 QFP64 
16 12 
17 13 
18 14 
19 15 
20 16 
21 19 
22 20 
23 21 

15 11 

29-36 27-34 

29 27 

30 28 

December 1992 

VDD 

P2.II 

P2., 

P2.2 

PSEII 

ALE 

Ell" ALE 

P2.3 
JI!IER 

P2.4 
P2.2 

P2., 
P2.5 

P2.0 
P2.6 

P2.7 Voo 

NC 
PO.7 

AD3 
PO.6 

AD2 
PO.5 

ADD 
PO.3 

AVREFP 
PO.2 

AVss 
PO., 

PO.D 

P3.7 

P3.6 

P3.5 

P3.4 

P3.3 

P3.2 

P3., 

P3.D 

DESIGNATION 

Pl.0IlNT2JT2 
Pl.lI1NT31T2EX 

Pl.21INT4ISTADC 
Pl.3I1NT5 
Pl.4I1NT6 
Pl.5I1NT7 

Pl.6I1NT8ISCl 
Pl.7/SDA 

RST 

P3.0- P3.7 

P3.0/RXD/data 

P3.1lTxD/clock 

t i!il t i ~ t t !il i Ii; ~ ~gISlI~ a: 

Ii ~ ;! -== -== II=! II! "! "" 
C! !E I; it lL 
1L ::; l'i 

a.. If. 

FUNCTION 

u u I~ z z 
:i! 
1L 

P3.5/T, 

P3.3IIRTf 

P3.2111111 

P3.'!TXD 

P3.I!IIIXD 

Vss 
XTAL, 

XTAL2 

EWR 

PWIMI 

P1.6III1llf1SCL 

Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pullups. Port 1 pins that 
have 1 s written to them are pulled HIGH by the internal pullups, and in that state 
can be used as inputs. The Port 1 output buffer can sink/source 4 lS TTL loads. As 
inputs. Port 1 pins that are externally pulled lOW will source current(IL in the 
characteristics) due to the intemal pullups. 
Port 1 also serves the alternative functions I NT2 to I NT8, Timer T2 external input 
external trigger of AID conversion, and for the 12C-bus interface. 

Reset: A high level on this pin for \WO machine cycles while the oscillator is running 
resets the device. 

Port 3: Port 3 is an 8-bit bidirectional 110 port with intemal pull-ups. The Port 3 
output buffers can sink/source 4 lS TTL inputs. Port 3 pins that have 1 s written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs, Port 3 pins that are externally pulled lOW will source current (IlL 
in the characteristics) due to the internal pull-ups. 

RXD/date: serial port receiver data input (asynchronous)or data inputloutput 
(synchronous) 

TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 
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PIN DESCRIPTION (Continued) 
PIN DESIGNATION FUNCTION 

VS056 QFP64 
31 29 P3.2IINT!! 

32 30 P3.311NTl 

33 31 P3.4IT0 

34 32 P3.5ITI 

35 33 P3.6iWR 

36 34 P3.71RD' 

6 64 AVss 

5 63 AVREFP 
1-4 59-62 AD3-ADO 

25 23 EWN 
24 22 ~ 

26 24 XTAL2 

27 25 XTAL1 

28 26 Vss 

55- 53 56-54 P2.0 - P2.2 
49-45 49-45 P2.3 - P2.7 

52 53 PSEN 

51 52 ALE 

50 51 El\: 

37-44 37-44 PO.O - PO.7 

7-14 1 -2,4-8, P4.0 - P4.7 
10 

56 57 Voo 

1 .0 FUNCTIONAL DESCRIPTION 

General 
The 83CL580 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as cordless telephone and mobile 
communications, instrumentation, industrial 
control, intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 

December 1992 

INTII': external interrupt O. 

INTf: external interrupt 1. 

TO: Timer 0 external input. 

T1 : Timer 1 external input. 

WR: external data memory write strobe. 

RU: external data memory read strobe. 

Analogue ground 

High-end of analogue to digital conversion reference resistor 

Four input channels to ADC 

Enable watchdog timer: Enable for watchdog timer am:lenable Power-down mode 

Pulse width modulation output 0 

Crystal output: output of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

Crystal input: input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

Ground: circuit ground potential.55-53 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pullups. Port 2 pins that 
have 1 s written to them are pulled HIGH by the internal pullups, and in that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 LS TTL loads. 
Port 2 emits the high-{)rder address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pullups when emitting 1 s. During accesses to external memory that use 8-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

Program store enable output: read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSEN 
activations are skipped. 

Address Latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes 

External Access: When EA is held High the CPU executes out of internal program 
memory (unless the program counter exceeds 17FFH). Holding EA LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter 

Port 0: Port 0 is an 8-bit open drain bidirectional 110 port. As an open drain output 
port it can sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic 1 s 

Port 4: 8-bit bidirectional I/O port. 

Power supply. 

instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory andlor up to 64K bytes of 
data storage. 

The 83CL580 contains a non-volatile 6K byte 
x 8 read-{)nly program memory; a static 256 
byte x 8 readlwrite data memory; 40 I/O lines; 
three 16-bit timer/event counters; a 
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit, 4-channel 8-bit AID converter, 
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watchdog timer, and pulse width modulation 
output. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 
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In addition, the device provides an 12C-bus 
serial 1/0 port with byte oriented master and 
slave functions, which allows communication 
with the whole family of 12C-bus compatible 
ICs and a standard UART serial interface. 

cPU timing 
A machine cyde consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cyde takes 12 
oscillator periods or 1 fLs if the oscillator 
frequency is 12 MHz. 

Note: This datasheet covers only the special 
features of the 83CL580. For details on the 
83CL580 core and the 12C-bus functions see 
the user manual: 

1.1 Memory organization 
The 83CL580 has a 6K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL580 can address up to 64K 

FUNCTIONAL DIAGRAM 

XTALl 

XTAL2 

Ell 

PSEII" 

ALE 

l'WIm 

AVSS 

AVREFP 

AD3 
AD2 

AD. 

AIlO 

PORT< { 
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bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 

1 .1.1 Program Memory 
The 83CL580 contains 6K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 6K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to VDD, then program 
memory fetches from addresses OOOH 
through 17FFH are directed to the internal 
ROM. Fetches from addresses 1800H 
through FFFFH are directed to external ROM. 
Program counter values greater than 17FFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

1 .1.2 Data Memory 
The 83CL580 contains 256 bytes of internal 
RAM and 40 Special Function Registers 

(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 
locations 128-255 are only directly 
addressable. 

1 ,1,3 Special Function Registers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs indude the port latches, timers, 
peripheral control, serial 1/0 registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

} ~,,~} LOW...QRDER 
ADDRESS AND 

DATA BUS 

} -- T' INT. -- T2EX INT3 --- INT4 

PORT. -- INTS -- INT6 -- INTI --- SCL INT8 --- SDA INTH 

} =}-~~" PORT. --- ADDRESS 
--- BUS -------

} - -""} - TXD/CLOCK - ~ ALTERNATIVE 
PORT 3 -- TO FUNCTIONS - T1 - WR - HD 
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BLOCK DIAGRAM 

TO 11 lJiI'l1J JIiITf lim: -1N11I PWIIIJ AVss AVREFP AOC0-3 

G) Gl GlGlt 7 

83CL580 

XTALl 

XTAL2 

Ell" 

ALE 

!'SEN 

WR 

RD 

December 1992 

CPU 

SERIAL 
UART 
PORT 

PO Pt P2 P3 TXO RXO 

PROGRAM 
MEMORY 

6KX8 
ROM 

U 

a-BIT 
1/0 

PORT 

P4 

306 

DATA 
MEMORY 

256X8 
RAM 

U 

16-BlT 
TIMER! 
EVENT 

COUNTER 

CD CD 

pwy 

U 

INTER
FACE 

00 

T2 T2EX SCL SDA 

ADC 

U 

T3 
WATCH

DOG 
TIMER 

RST EWR 

® ALTERNATE FUNCTION OF PORT 0 

G) ALTERNATE FUNCTION OF PORT t 

® ALTERNATE FUNCTION OF PORT 2 

® ALTERNATE FUNCTION OF PORT 3 

STAOC 

CD 

-POWER {

VOO 

SUPPLY 

Vss.,.. 



Philips Semiconductors Microconlroller Products Objective specification 

Low-voltage single-chip 8-bit microcontroller 80CL580/83CL580 

December 1992 

EXTER
NAL 

16K 

16K~ 
INTERNAL 
(EA.') 

D o 
'-------v-----

PROGRAM 
MEMORY 

12 
INTERNAL 
DATA RAM 

0'C::=~_~ 
INTERNAL DATA 

MEMORY 

14K 

o 
'-----v-----' 

EXTERNAL 
DATA 

MEMORY 

Figure 1. Memory Map 

20H 

R7 
I 
I 
RO 
R7 
I ,:.., 
R7 
I 
I 
RO 
R7 
I 
I 
RO 

7FH 

2FH 

1FH 

18H 

17H 

10H 
OFH 

08H 
07H 

0 

} BlT-ADDRESSAOLE SPACE 
(OIT ADDRESSES 0-71') 

4 BANKS OF 8 REGISTERS 
(RO-R7) 

Figure 2. The Lower 128 Bytes of Internal RAM 
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DIRECT REGISTER 
MNEMONC BIT ADDRESS BYTE ADDRESS (HEX) 

A 

T3 FFH 
PWMP FEH 

FDH 

PWMO FCH 

IPl IFF 
B 

FE FD FC FB FA Fe FB IF8H 

1X1 

lENt 

F7 I F& I Fs I F4 I F3 I F2 I Fl I FO 

EFl EEl EDI Eci EBI EAI Eel EI 

FOH 

EFH 

EEH 

EDH 

ECH 
EBH 

EAH 

EOH 

ElH 

~ 

-

--
Ace I E7 Eo E5 E4 E3 E2 Et EO 1 EOH --

~:::l------------------1T :: ~~ ~ ~ 00 oc 00 ~ 00 ool~ 
PSW 

TH2 

Tl2 

RCAP2L 

RCAP2L 

T2CON 

.AOCH 

AOCON 

07 I 06 I os I DC I 03 I D2 I 01 I DO DOH 

CFH 

CEH 

CDH 

ceH 

CBH 

CAH 

COH 
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Figure 3. (a) Special Function Register Memory Map 
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REGISTER 
MNEMOfIIC BIT ADDRESS 

DIRECT 
BYTE ADDRESS (HEX) 

~ A~ __________ ~ 

IPO II::_--,_B_E...J.._B_D--,_BC_.L-B_B--,_BA_.L-B9_...L.._Ba--tI BaH ~-
P3 B7186 185 184 183 laz 1 B11 BO 

IENO AF 1 AE 1 ADI Aci ABI AAI ASI A8 

BOH 

AFH 

AEH 

ADH 

ACH 

ABH 

AAH 

A9H 

P2 I A7 I AS AS A4 A3 A2 A1 AO IA~ 
SFRs CONTAlNNG 
DIRECTLY -1 SOCON 9F I 9E 90 9C 9B 9A 99 i-98 98H ~ ADDRESSABLE BITS 

P1 I 97 

TH1 

THO 

TL1 

TID 

TMDD 

I !HI 95 M 93 92 91 W IWH 

8DH 

8CH 

8BH 

8AH 

89H 

TCON 8F I 8E I 80 I 8C I 88 I SA I 89 I 88 88H 

PCON 87H 

~l 87 86 85 84 83 82 81 
!: 

80 80H 

Figure 3. (b) Special Function Register Memory Map 

309 

-
~-



Philips Semiconductors Microcontroller Products 

Low-voltage single-chip a-bit microcontroller 

1 .1.4 Addressing 
The 83CL.580 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register-plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destinationlsource" field 
that specifies data type. addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 

1.2 1/0 facilities 

1.2.1 Ports 
The 83CL.580 has 40 110 lines treated as one 
port plus 32 individually addressable bits or 

FROM PORT 
LATCH 

INPUT DATA 

as five parallel 8-bit addressable ports. Port 
0, 1, 2 and 3 perfonn the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1: (1) provides the inputs for thB 
external interrupts INT2 1 INT8, Timer T2, 
12C-bus (2) External activation of Timer 2 
(3) External trigger of ADC (4) 12C-bus 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: (1) external interrupt request 
inputs (2) counter input (3) control signals 
to read and write to external memories (4) 
UART input and output 

• Port 4 has no alternate function. 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P4), an output 
driver and an input buffer. Ports 1,2,3,4 have 
internal pull-ups. Figure 4(a) shows that the 
strong transistor pI is turned on for only 2 
oscillator periods after a 0-to-I transition in 
the port latch. When on, it turns on p3 

STRONG PULL-UP 

INPUT BUFFER 
READ PORT PIN 

(A) STANDARD 

STRONG PULL-UP 
FROM PORT 
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(a weak pull-up) through the inverter. This 
inverter and p3 fonn a latch which hold the 1. 
In Port 0 the pull-up pI is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 
Thirty eight of the 40 parallel port pins 
(excluding P 1.6 and PI. 7, fixed option 2s) 
may be individually configured with one of the 
following options (see Figure 4): 

Option 1: Standard Port; quasi-bidirectional 
110 with pull-up. The strong booster pull-up 
pI is turned on for two oscillator periods after 
aO-to-l transition in the port latch (see Figure 
4(a)). 

Option 2: Open drain; quasi-bidirectional 1/0 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push·Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (See Figure 
4(b)). 

The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (EA=O or access above the built-in 
memory boundary), second, I/O accesses. 

EXT. 
PULL-UP 

\IV LATCH 
u:~.------~ 

C~fIiOl 
~~~H;I_R-I: _______ ~ ___ Ei9~ 

INPUT DATA 

READ PORT PIN 

(8) PUSH·PULL 

Figure 4. Port Options 
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External Memory Accesses 
Option t: True 0 and 1 are written as address 
to the external memory (strong pull-up is 
used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

1/0 Accesses 
Option 1: When writing a 1 to the port-latch, 
the strong pull-up pI will be on lor 2 oscillator 
periods. No weak pull-up exists. Without an 
external pull-up, this option can be used as a 
high-impedance input. 

Option 2: Open drain; quasi-bidirectional 110 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "S" or "R" 
to option 1,2, or3 above (e.g. IS fora 
standard 110 to be set after RESET or 2R for 
an open-<irain I/O to be reset after RESET). 

Option S: SET; after reset this pin will be 
initialized HIGH. 

(MSB) 

1m 
Symbol 

TF2 

EXF2 

GF2 

RTCLK 

EXEN2 

TR2 

CiTI 

CP!R[2 

I EXF2 GF2 

Position 
T2CON.7 

T2CON.6 

T2CON.5 

T2CON.4 

T2CON.3 

T2CON.2 

T2CON.l 

T2CON.a 

RTClK I EXEN21 

Option R: RESET; after reset this pin will be 
initialized LOW. 

1 .3 Timer/event counter 
The S3CL580 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer I, 
and Timer 2 which can perform the following 
functions: 

• Measure time intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

• Mode a: S-bit timer or counter with 
divide-by-32 prescaler 

• Mode 1; 16-bit time-interval or event 
counter 

• Mode 2; B-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3; Timer a establishes TLO and THO 
as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 

TR2 cm: 

Name and Significance 

In the 'Counter" function, the register is 
incremented in response to a 1-10-0 
transition. Since it takes 2 machine cycles (24 
oscillator periods) 10 recognize a 1-10-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3.1 TImer 2 
Timer 2 is a IS-bit Timer/Counter. Like Timers 
a and I, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table 1. 

Table 1. Timer 2 Operating 
Modes 

RTClK CP/Ra TR2 MODE 

0 0 1 16-Bit 
Auto-reload 

a 1 1 16-Bit 
Capture 

1 x 1 Baud Rate 
Generator 

x x 0 (Off) 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not 
be set when RCLK = 1. 
Timer 2 external flag set when either a capture or reload is caused by a negative transition of 
T2EX and EXEN = 1. When Timer 2 Interrupt is enabled, EXF2 + will cause the CPU to 
vector to the limer 2 interrupt routine. EXF2 must be cleared by software. 
General purpose flag bit 

Receive/transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses 
for its receive and transmit dock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be 
used for the receive and transit clock. 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 

StarVstop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. Timer 2) 

o = Internal timer (OSC/12) 
1 = External event counter (falling edge triggered) 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN2 = 1. When RCLK = I, this bit is ignored and the timer is 
forced to auto-reload on Timer 2 overflow. 

Figure 5. T2CON: TImer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2~O, then 1imer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the 1imer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2~1, then 
1imer 2 still does the above, but with the 
added feature that a l-to-O transition at 
external input T2EX causes the current value 
in the 1imer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=<l, then when 1imer 2 rolls 
over it not only set TF2 but also causes the 
1imer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2~ 1, the 1imer 2 still does the above, 
but with the added feature that a l-to-O 
transition at external input T2EX will also 

trigger the 1 S-bit reload and set EXF2. 

The auto-reload mode is illustrated in Figure 
NO TAG. 

The baud rate generator mode is selected by 
RTCLK~I.ltwili be described in conjunction 
with the serial port. 

1.3.2 The Watchdog Timer 
In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 

T2 PIN 

T2EXPIN 
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II-bit prescaler and an 8-bit timer are also 
incorporated. See Figure 8. 

The timer frequency is derived from the 
oscillator frequency using the following 
formula: 

ftimer ~ fose 1 (12 x 2048) 

When a timer overflow occurs, the 
microcontroller is reset and a reset output 
pulse is generated at pin RST. To prevent a 
system reset the timer must be reloaded in 
time by the application software. If the 
processor suffers a hardwarelsoftware 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. 

The watchdog timer can only be reloaded if 
the condition flag WLE = PCON .4 has been 
previously set by software. 

At the moment the counter is loaded the 
condition flag is automatically cleared. 

The time interval between the timer's 
reloading and the occurance of a reset is 
dependent upon the reloaded value. For 
example, this may range from 2 fls to 0.5 s 
when using an oscillator frequency of 12 
MHz. 

In the Idle state the watchdog timer and reset 
circuitry remain active. 

The watchdog timer is controlled by the 
watchdog enable pin (EWN). A logic 0 
enables the watchdog timer and disables the 

EXEN2 

Figure 6. TImer 2 in Capture Mode 
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Power-down mode. A logic 1 disables and 
resets the watchdog timer and enables the 
Power-down mode. 

1.3.3 Pulse width modulated output 
One pulse width modulated output channel is 
provided in the 83CL580 (fig. 12). This 
channel outputs pulses of programmable 
length and interval. The repetition frequency 
is defined by an 8-bit prescaler PWMP which 
generates the clock for the counter. The 8-bit 
counter counts modulo 255 i.e. from 0 to 254 
inclusive. The value of the 8-bit counter is 
compared to the content of the register 
PWMO. Provided the contents of this 
registers is greater than the counter value, 
the output of PWMO is set LOW. If the 
content of this register is equal to, or less 
than the counter value, the output will be 
HIGH. The pulse-width-ratio is therefore 
defined by the contents of the register 
PWMO. The pulse-width·ratio is in the range 
010 to 255/255 and may be programmed in 
increments of 1/255. 

The repetition frequency fpwM, at PWMO 
output is given by: 

fpwM ~ fosc 1 [2 x (l+PWMP) x 255] 

When using an oscillator frequency of 12 
MHz for example, the above formula gives a 
repetition frequency range of 92 Hz to 23.5 
kHz. 

The PWMO output pin is driven by push-pull 
drivers. and is not shared with any other 
function. 
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T2P1N 

T2EXPIN 

EXEN2 

Figure 7. Timer 2 in Auto-Reload Mode 

P 

RS 

EW~~--------------~----------------~ 

INTERNAL BUS 

Figure 8. Functional diagram of the 13 watchdog timer 
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Figure 9. Functional Diagram of Pulse Width Modulated Output. 

By loading the PWMO register with either OOH 
or FFH, the PWMO output can be retained at 
a constant HIGH or lOW level respectively. 
When loading FFH to the PWMO'register, the 
B-bit counter will never actually reach this 
value. 

Prescaler Frequency Control 
Register Pwmp 

MSB lSB 

rF~~;17161514131211Iol 
.wI FUNCDON 
PWMP.O-7 Prescaler division 

factor = (PWMP)+ 1 

Pulse Width Register PwmO 

MSB LSB 

rF~~17161514131211Iol 
BIT FUNCTION 
PWMPO lOW/HIGH ratio of PWMO 

SIGNAL = (PWMO) / 
(255 - (PWMO) 

1.3.4 A/D converter 
The analogue input circuitry consists of an 
4-input analogue multiplexer and an ADC 
with B-bit resolution. The analogue reference 
voltage and analogue ground are connected 
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via separate input pins. The conversion is 
selectable from 24 machine cycles (24 Ils at 
12 MHz oscillator frequency) to 4B machine 
cycles. 

The ADC is controlled using the ADCON 
control register. Input channels are selected 
by the analogue multiplexer, care of ADCON 
register bits 0-1. 

ADC control register ADCON 
(C4H) 

7 6 5 

MSB 

BIT SYMBOL FUNCTION 

lSB 

PCON.S PD This power down bit 
switches off the 
resistor reference to 
save power even 
while the CPU is 
operating. 

PCON.5 ADEX Enable external start 
of conversion by pin 
STADCO= 
Convesion cannot 
be started externally 
bySTADC 1 = 
Conversion can be 
started externally by 
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STADC. 
ACON.4 

PCON.3 
this 
signal is 
interrupt 
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ADCI 

ADCS 

ADC interrupt flag: 
this flag is set when 
an ADC conversion 
result is ready to be 
read. An interrupt is 
invoked if this is 
enabled. The flag 
must be cleared by 
software. It cannot 
be set bysoftware. 

ADCstartand 
status: setting this 
bit starts an ADC 
conversion. It may 
be set by software 
or by the external 
signal STADC. The 
ADC logic ensures 
that this signal is 
HIGH while the ADC 
is busy. On 
completion of the 
conversion, ADCS 
is reset after that the 
interrupt flag ADCI 
is sel. ADCS cannot 
be reset by 
software. 
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ADCI ADCS OPERATION 

0 0 ADC not busy, a 
conversion can be 
started 

0 1 ADC busy, start of a new 
conversion is blocked 

1 1 Conversion completed, 
start of a new conversion 
is blocked 

1 1 Not possible 

ADCON.2 CKDIV In order to run the 
CPU at the maxi
mum frequency (12 
MHz) and keep the 
AD timing at low 
frequency, the set
ting of this bit di
vides the CPU 
clock by a factor 2. 

ADCON.1 MDR1 Analogue input 
select: this binary 
coded address 
selects one of the 
four analogue port 
bits. 

ADCON.O MDRO It can only be 
changed when 
ADCI and ADCS 
are both LOW. 
AADR1 is the most 
significant bit (11 
selects the AD3 
analogue input 
channel). 

The completion of the 8-bit ADC conversion 
is flagged by ADCI in the AD CON register 
and the result is stored in special function 
register ADCH (C5H). 

An ADC conversion in progress is unaffected 
by an external or software ADC start. The 
result of a completed conversion remains 
unaffected provided ADCI = logic 1. While 
ADCS = logic 1 or ADCI = logic 1 , a new 
ADC START will be blocked and 
consequently lost. An ADC conversion 
already in progress is aborted when the 
Power-down mode is entered. The result of a 
completed conversion (ADCI = logic 1) 
remains unaffected when entering the Idle 
mode. 

The AID conversion can be started in 3 ways: 

a) Start in operating mode, continue 
operating mode. 

b) Start in operating mode, by setting the 
ADCS bit, go to idle mode. 

c) Set the ADEX bit, go to idle mode and 
start conversion externally via the STADC 
pin. 
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For all 3 cases a - c the interrupt flag ADCI is 
set upon completion of the conversion. 

1.4 Idle and Power-down 
Operation 

Idle mode operation pennits the interrupt, 
serial ports, timer blocks and ADC to 
continue functioning while the clock to the 
CPU is halted. 

The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

e Timer 0, Timer 1, Timer 2, Timer 3 

e SIO,I2C 

e External interrupt 

e PWMO (reset, output=HIGH) 

eADC 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. The PD bit can only be set if the 
EWN input is HIGH. 

1 .4.1 Power control register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 

7 6 5 4 3 2 

ISMO~ - I - I WLE I GF1 I Grovl PD IIDL I 
MSB 

BIT 

PCON.? 

PCON.6 

PCON.5 

PCON.4 

PCON.3 

PCON.2 

LSB 

SYMBOL FUNCTION 

SMOD Double Baud rate 
bit. When set to 
logic 1 baud rate is 
dou bled when the 
serial port SI01 is 
being used in 
modes 1, 2, or 3. 

WLE 

GF1 

GFO 

(reserved) 

(reserved) 

Watchdog load 
enable. This flag 
must be set by by 
software prior to 
loading T3 
(watchdog timer). It 
is cleared whenT3 is 
loaded. 

General-purpose 
flag bit 

General-purpose 
flag bit 
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PCON.1 PD 

PCONO IDL 

Power-down bit. 
Setting this bit 
activates the 
Power-down mode. 
It can only be set if 
input EWN is high. 

Idle mode bit. 
Setting this bit 
activates the Idle 
mode 

If logic 1s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 

1 .4.2 Power·down mode 
The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1 .4.3 Wake-up mode 
Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken up from the Power down mode 
with either the external interrupts INT2 / INTa, 
or a reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1 .4.3.1 Wake-up using INT2IINT8 
If INT2 to INT8 are enabled, the 83CL580 
can be woken-up from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1 .4.3.2 Wake.up using RESET 
To wake-up the 83CL580 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 

before any operation is attempted. Figure 8 

illustrates the two possibilities for wake-up. 
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r------ STADC 
ADEX ! 

AYREP 
ANALOGUE 
REF. 

ADO 
AD1 

AD2 

AD3 

ANALOGUE INPUT 
MULnPLEXER (SUCCESlYE APPROXlMAlION) 

INTERNAL BUS 

Figure 10. Functional Diagram of Analog Input 

1 .4.4 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU SlaWS is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 2. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
retum-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 toPCON.O. 

Flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
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interrupt, the service routine can examine the 
status of the Hag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Voo may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power -down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1 , the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pI (see Figure 
4(a)). 
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ADCH 

AySS 
ANALOGUE 
GROUND 

1.5 12C Bus Serial 1/0 

The serial port supports the twin line 12C-bus. 
The 12C-bus consists of a data line (SDA) and 
a clock line (SCl). These lines also function 
as I/O port lines Pl.7and Pl.6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are all controlled by 
hardware. The 12C-bus serial I/O has 
complete autonomy in byte handling and 
operates in four modes: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 

These functions are controlled by the SICON 
register. SISTA is the status register whose 
contents may also be used as a vector to 
various service routines. SI DAT is the data 
shift register and SIADR the slave address 
register. Slave address recognition is 
performed by hardware. 
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Table 2. Status of the External Pins during Idle and Power-down Modes 
MODE MEMORY ALE PSER PORTO PORT 1 PORT 2 PORT 3 PORT 4 PWMlr 

Idle (1) Internal 1 1 Port data Port data Port data Port data Port data Active 

Idle (1) External 1 1 Floating Port data Address Port data Port data Active 

Power-down Internal 0 0 Port data Port data Port data Port data Port data HIGH 

Power-down External 0 0 Floating Port data Port data Port data Port data HIGH 

POWER-DOWN I I I 
RESET-PIN ------- ---- n 

--- ---------
EXTERNAL INTE~ ---------

-
, 

I I 
OSCiLLATOR '- \ 

~ ---) -DELAY COUNTER _PERIODS 
1536 PERIODS 

Figure 11. Wake-up Operation 

SDA-~-~~ 
S1DAT 

Figure 12. 8erlaili0 

December 1992 317 



Philips Semiconductors Microcontroller Products Objective specification 

Low-voltage single-chip 8-bit microcontroller 80CL580/83CL580 

Serial Control Register S1CON 
(D8H) 

I CR2 I EN51 I 5TA I 5TO I 51 AA CR1 CRO 

CRO, CR1, CR2 

AA 

51 

STO 

5TA 

ENS1 

These three bits determine the serial clock frequency when SIO is in a master mode. See table 3. 

Assert acknowledge bit. When the AA flag is set, an acknowledge (low level to SDA) will be returned during the 
acknowledge clock pulse on the SCl line when: 

• own slave address is received 

• general call address is received (SlADR.O=l) 

• data byte received while device is programmed as master 

• data byte received while device is a selected slave 

With AA = 0, no acknowledge will be returned. Consequently, no interrupt is requested when the "own slave address" or 
general call address is received. 

SIO interrupt flag. When the Sl flag is set, an acknowledge is retumed after anyone of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during AA = 1 

• general call address received while SlADR.O and AA = 1 

• data byte received or transmitted in master mode (even if arbitration is lost) 

• data byte received or transmitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 
the bus, the 510 hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case no STOP condition is transmitted to the 12C-bus. However, the 510 hardware behaves as if a STOP 
condition has been received and releases SDA and SCL. The SIO then switches to the "not addressed" slave receiver 
mode. The STO flag is automatically cleared by hardware. 

START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the 12C-bus and generates a 
START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 

When ENSl = 0, the SIO is disabled. The SDA and SCl outputs are in a high-impedance state; Pl.6 and Pl.7 function 
as open drain ports. When ENS = 1, the SIO is enabled. The Pl.6 and Pl.7 port latches must be set to logic 1. 

Table 3. SCl Frequency 
Bit Rate (kHz) at fose 

CR2 CR1 CR2 fosc Divided By 3.58MHz 6 MHz 12MHz 

0 0 0 256 14.0 23.4 46.9 

0 0 1 224 16.0 26.8 53.6 

0 1 0 192 18.6 31.3 62.5 

0 1 1 160 22.4 37.5 75.0 

1 0 0 960 3.73 6.25 12.5 

1 0 1 120 29.8 50 100 

1 1 0 60 59.7 100 -

1 1 1 not allowed - - -
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Status Register S1STA (D9H) 

Sl STA is an 8-bit reacHmly special function 
register. SlSTA.3-S1STA.7 hold a status 
code. SlSTA.0-S1STA.2 are held LOW. The 
contents of SlSTA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequenUy that of 
the 12C-bus. 

The following is a list of the status oode: 

Abbreviations used: 
SLA: 7-bit slave address 

R: Read bit 

W: Write bit 

ACKNOT: Acknowlegement 
(acknowledge bit = 0) 

ACK: Not Acknowledge 
(acknowledge bit = 1) 

DATA: 8-bit byle to or from the 12C 
bus 

MST: Master 

SLY: Slave 

TRX: Transmitter 

REC: Receiver 

MSTITRX Mode 
SlSTA Value 

08H A START condition has been 
transmitted 

10H A repeated START oondition has 
been transmitted 

18H SLA and W have been transmitted, 
ACKNOT received 

28H DATA of S1DAT has been 
transmitted, ACK received 

30H DATA of S1DAT has been 
transmitted, ACKNOT received 

38H Arbitration lost in SLA, RIW or 
DATA 

MST/REC Mode 
SlSTAValue 

38H Arbitration lost while returning 
ACKNOT 

40H SLA and R have been 
transmitted, ACK received 

48H SLA and R have been 
transmitted, ACKNOT 
received 

SOH DATA has been received, 
ACKretumed 

58H DATA has been received, 
ACKNOT returned 

December 1992 

SLV/REC Mode 
SlSTAValue 

60H Own SLA and W have been 
received, ACK returned 

68H Arbitration lost in SLA, RW as 
MST. Own SLA and W have 
been received, ACK returned. 

70H General Call has been 
received, ACK returned 

78H Arbitration lost in SLA, RWas 
MST. General Call has been 
received. 

80H Previously addressed with 
own SLA. DATA by1e 
received, ACK returned. 

88H Previously addressed with 
own SLA. DATA byle has 
been received, ACKNOT has 
been returned. 

90H Previously addressed with 
General Call. DATA byte has 
been received, ACK has 
been returned. 

98H Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH A STOP oondition or 
repeated START condition 
has been received while still 
addressed as SLV/REC or 
SLVfTRX. 

SLVITRX Mode 
SlSTAValue 

A8H Own SLA and R have been 
received, ACK returned 

BOH Arbitration lost in SLA, RIW 
as MST. Own SLA and R 
have been received, AC K 
returned. 

B8H DATA byte has been 
transmitted, ACK received. 

COH DATA byte has been 
transmitted, ACKNOT 
received. 

C8H Last data byte has been 
transmitted (AA = logic 0), 
ACK received. 

Miscellaneous 
SlSTAValue 

OOH Bus error during MST mode 
or selected SLY mode, due to 
an erroneous START or 
STOP condition. 
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Data Shift Register S1 OAT (DAH) 

17161514131211101 

This register contains the serial data to be 
transmitted or data that has just been 
receiVed. Bit 7 is transmitted or received first; 
i.e. data is shifted from left to right 

Own Address Register S1ADR 
(DBH) 
This 8-bit register may be loaded with the 
7-bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is reoognized. 

SlADR.O, GC: 0 = general CALL address 
is not recognized. 

1 = general CALL is 
recognized. 

SlADR.7 - 1: own slave address 

1.6 Standard serial interface 
SIOO:UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byle has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is oomplete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the lransmit register, and reading 
SOBUF accesses a physically separate 
receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1112 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0),8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RBa in 
Special Function Register SCON. The baud 
rate is variable. 
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Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): start bit (0), 
B data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TOO in SCON) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TBB. 
On receive, the 9th data bit goes into RBa [n 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1132 or 1/64 the 
oscillator frequency. 

Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), B data Ms (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
Obaud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

1 .6.1 Multiprocessor Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RBB. Then comes a stop bit The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if ROO = 1. This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= I, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit In a Mode 1 reception, if SM2 = I, the 
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receive interrupt will not be activated unless a 
valid stop bit is received. 

1 .6.2 Serial pon control register 
The serial port control and status register is 
the Special Function Register saCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TOO and ROO), 
and the serial port interrupt bits (TI and RI). 

Baud Rates 
The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency I 12. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = I, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2"MOD 164)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using Timer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate = (2"MOD 132)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either 1imer" or "counter" 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD = ooI0B). In that case 
the baud rate is given by the formula: 

Mode I, 3 Baud Rate = {(2SMOO 132) x 
(Oscillator Frequency)} I {12 x (256 - (TH1)) 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a 16-bit 
software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

Using TImer 2 to generate baud rates 
Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). 
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The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 

Modes 1,3 Baud Rate = (Timer 2 Overflow 
Rate) 116 

The Timer 2 can be conflQured for either 
"timer" or "counter" operation. In the most 
typical applications, it is configured for "timer" 
operation (C1T2 = 0). "Timer" operation is a 
little different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer 
is would increment every machine cycle (thus 
at 1112 the oscillator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 112 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 

Modes 1,3 Baud Rate = (Oscillator 
Frequency) I {32 x (65536 - (RCAP2H, 
RCAP2L)} 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-M 
unsigned integer. 

Note that a rollover does not set TF2, and will 
not generate an interrupt. Therefore, the 
Timer 2 interrupt does not have to be 
disabled when limer 2 is in the baud rate 
generator mode. Note too, that if EXEN2 is 
set, a l-to-O transition in T2EX will set EXF2 
but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when limer 2 
is in use as a baud rate generator, T2EX can 
be used as an extra external interrupt, if 
desired. 

It should be noted that when Timer 2 is 
running (TR2 = 1) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn't be 
written to, because a write might overlap a 
reload and cause write andlor reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
thiscase. 
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MSB LSB 

I SMO I SMl I SM21 REN I TBB I RBB I TI RI I 

Where SMO, SMI specify the serial port mode, as follows: 

SMO SMl 
o 0 
o I 
I 0 

I 

MODE 
o 
I 
2 
3 

DESCRIPTION 
Shift register 
8·bitUART 

BAUD RATE 
fosc/12 
variable 

9-bit UART fosc 164 or fosc 132 
9-bit variable UART 

SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to I then R I will not be activated if 
the received ninth data bit (RB8) is O.ln Mode I, if SM2~1 then Rl will 
not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be o. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBB is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RBB in Modes 2 and 3, is the ninth data bit that was received. In 
Mode I, if SM2~O, RBB is the stop bit that was received. In Mode 0, 
RBS is not used. 

TI is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

RI is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or hallway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 

Figure 13. Serial Port Control (SCON) Register 

a e Imer "Ii bl 4 T' 1G enerate dC I Used B dR ommomy au ates 

BAUD RATE f_ SMOD CIT TIMER 1 MODE RELOAD VALUE 

Mode 0 Max: I MHz 12MHz X X X X 

Mode 2 Max: 375K 12MHz I X X X 

Mode I, 3: 62.5K 12MHz I 0 2 FFH 

19.2K 11.059MHz I 0 2 FDH 

9.6K 11.059MHz 0 0 2 FDH 

4.BK 11.059MHz 0 0 2 FAH 

2.4K 11.059MHz 0 0 2 F4H 

1.2K 11.059MHz 0 0 2 E8H 

137.5K 11.986MHz 0 0 2 tDH 

IIOK 6MHz 0 0 2 72H 

IIOK 12MHz 0 0 1 FEEBH 
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T2P1N 

T2EXPIN 
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Ir----- NOTE: OSC. FREQ.IS DIVIDED 
BY 2, NOTtZ 

_ TRANSITION * DETECTOR 

TR2 

-1 '- ~r--l-o~=~I __ <>IB- ;~::~Pr' 
I CONTROL 

/ EXEN2 

£---- NOTE AVAILABIUTY OF ADDITIONAL 
EXTERNAL INTERRUPT 

Figure 14. Timer 21n Baud Rate Generator Mode 
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TIMERt 
OVERFLOW 
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Write 

ro -----1I-----;::C:~------~----~~~----_, SBUF 

56 

Serial 
Port 

Interrupt 

REN __ --Jr-........ 

111 

Start 

RX Clock 

Start 

Read 
SBUF 

1-0------1 

TX Control 

Rl 

RX ContrDl Shift 

1 1 1 1 1 1 1 0 
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R.D 
P3.D Alt 

Input 
Function 

RxD 
P3.oAII 
Output 

Function 

T.D 
P3.t All 
OUtput 

Function 

.... 56ls1 .... SGls1 .... S6Is1 .... ssls1 .... s6Is1 .... 56Is1 .... S6IS1 .... 56Is1 .... S6ls1 .... SGIS1 .... SSISl 

Shift 

RxD (Da .. Oul) D5 

TSC (SHIFT CLOCK) 

.---I1 Wrile 10 SCON (Clea, RI) 

iii! 
Receive 

Shift 

RxD (Data In) 

TxO (Shift Clock) 

Figure 15. Serial Port Mode 0 

December 1992 323 

T , 
• n 

m y j 
I 

) ~ L..____ j 

...:.:..---
r-----



Philips Semiconductors Microcontrolier Products 

Low-voltage single-chip 8-bit microcontroller 

R 

timer 1 limer 2 
Overflow Overflow 

,~.~ ~ 
Write 

~ ---lr-----;::~~----~----~~------_, SBUF 

SMOO 
RTCLK---

.-----------~+1.r-----~~~~~~--~--------~~~ 

TX 
Clock 

~ Write to SBUF 

Dat. LSO:Pl! 
Shift 

TxO 

TI 

-r 16 Reset 
RX 

Clock 

RxO 
Bit Detector 
s. Times 
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TID 

n 

• m 
i 
t 

{ Shift 

AI 

~~ ______ -JnL __ ~OL-__ A-__ ~OI __ -A ___ ~~~O~~O:===O~=== 

Figure 16. Serial Port Mode 1 

December 1992 324 



Philips Semiconductors Microcontroller Products 

Low-voltage single-chip 8-bit microcontroller 

Phue2 Clock 
(looc112 ) 

SMOD=O 

TX 
Clock 

Write 
to 

SBUF 

SMOD= 1 

(SMODls 
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~ Wrileto SBUF 
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TxD 

n 

Slop Bit <len. 
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Serial 
Port 

Interrupt 

Sample 

~---~-="'T'T""="'=""---------

RXClock R1 Load 
SBUF 

RX Control Shift I----~ 
I--~---"-I Start 

Figure 17. Serial Port Mode 2 
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Timer 1 Timer 2 

-J~J~ z 
01 

SMOO 
RTClJ(---

~--------~ +16t------t~~~~ __ ~ ______ ~&ma~~ 
Serial 
Por1 

Intenupt 

TX 
Clod< 

RxD 

Sample RX Clod< RI 

.----o-:~__, RXeo ..... 
1-------0-1 s.." 

~ _",saUF 

Data LSO:P1j 
Shift 

TxD 

T1 

Stop Bit Gen. 

+ l6Reeet 
RX 

Load 
SBUF 

Shift I-----~ 

1{-~~ 
• ~m~ ______________________________________________________________ --J 

Figure 18. Serial Port Mode 3 
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1.7 Interrupt system 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous 10 execution of any 
particular section of code. To tie the 
asynchronous activities of these functions 10 
'normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. The 83CL580 acknowledges 
interrupt requests from fifteen sources as 
follows: 

e INTO through INT8 

e TImer 0, TImer 1, and TImer 2 

e 12C bus serial 110 

eUART 

eADC 

Each interrupt vectors 10 a separate location 
in program memory for its service routine. 

INTERRUPT 
SOURCES 
,.....-

XO -
8' 

I--

xs 
I--

TO 
I--

12 
I--

Xi 
I--

X. 
I--

X2 

I--
X7 

I--
T1 

I--
X3 

I--
xa 

I--
so 

I--
X4 

I--
ADO 
I--

IENOtI IPOI1 
REGISTERS 

o.--.--rc 
I 

..... o---e1C 
I 

&--.{c 
I 

-..~ 
- o.-.rc 

I 

~ o.-rc 
I 

~ O---e-i"""' 0-
I 

&--.{c 
I 

0--e--tC 
I 

~ 
I 

o.--.tc 
........ o--e--lc 

I 

-.. o-tc 
I 

o--rc 
...---o--..+c 

I 

GLoeAL 
ENABLE 

r---

re-

re-

..-

t-e" 

r--

.... 
r- t-e" 

r--
....-

re-

r-
re--,. 
r--
'---

Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(I PO, IP1). All enabled sources can be 
globally disabled or enabled. 

1 ,7,1 External Interrupts INT2IINT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 10 INT8. 
When enabled, each of these lines may 
"wake-up' the device from Power-down 
mode. Using the IXl register, each pin may 
be initialized 10 either active HIGH or LOW. 
IRQl is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

A low-priority interrupt can be interrupted by a 
high-priority interrupt, but not by another 

PRIORITY 

~ 
LOW 

P1.6 

P • .5 

w 
lI! 
w PIA 
:::> 

51 
III P • .3 
CI z 
::l 

~ P1.2 

... ... 
::> 
a: P ••• 
a: 
w 

~ P • .Q 

L..... -
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low-priority interrupt. A high-priority interrupt 
can't be interrupted by any other interrupt 
source. If two interrupt requests of different 
priority levels are received simullaneoulsy, 
the request of higher priority level is serviced. 
If interrupt requests of the same priority level 
are received simultaneously, an internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence (see Figure 19). 

The port 1 interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on Plx is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 

IX. lEN. IRo. X9 

xa 

X7 

X& 

X5 

X4 

X3 

X2 

WAKE-UP 

Figure 19. Interrupt System Figure 20. External Interrupt Configuration 
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OInterrupt Enable Register IENO, Interrupt Priority Register Interrupt Polarity Register 

IEN1 IPO,IP1 IX1 

IENO (ASH) 1 EA I Enl ES,I ESOI El,I Ex,l ETol EXU I IPO (B8H) 1 - IPT21 ps,l PSOlpT11 px,l PllIlpxol IX, (E9H) I - 111.8IIL71IL61115IIUIIL3IIL.21 

1!.II SYMBQL FUNCTION 1!.II s.Y.MBQL FUNCTION Writing either a "1" or "0" to an IXI register bit 
sets the polarity level of the corresponding 

IENO.7 EA General enablel IPO.7 Unused external interrupt to active HIGH or LOW 
disable control IPO.6 PT2 TImer 2 interrupt respectively. 
o ~ no interrupt is priority level 
enabled; 1!.II SYMBQL EUNCIIQN 
1 ~an~ individually IPO.5 PSI 12C interrupt priority IX1.7 IL9 Unused enab ed interrupt will level 
be accepted 

IPO.4 PSO UART SIO interrupt 
IX1.6 IL8 External interrupt 8 

IENO.S ET2 Enable T2 interrupt priority level 
polarity level 

IENO.5 ESl Enable 12C interrupt IPO.3 PTl TImer 1 interrupt 
IX1.5 IL7 External interrupt 7 

IENO.4 ESO Enable UART SIO priority level 
polarity level 

interrupt IPO.2 PXl External interrupt 1 
IX1.4 ILS External interrupt 6 

IENO.3 ETl Enable TImer Tl priority level 
polarity level 

interrupt IPO.l PTO TImer 0 interrupt 
IX1.3 ILS External interrupt S 

IENO.2 EXl Enable external priority level polarity level 

interrupt 1 IPO.O PXO External interrupt 0 
IX1.2 IL4 External interrupt 4 

IENO.l ETO Enable TImer TO priority level polarity level 

interrupt IX1.l IL3 External interrupt 3 

IENO.O EXO Enable external 
polarity level 

interrupt 0 IX1.0 112 External interrupt 2 
polarity level 

lEN, (E8H~ESDI EX. 1 EX71 EX61EXSI EX. I EX31 EX21 
IP, (F8H) I px.1 pxsl PX71 PX61 pxsl Px.1 PX31 PX21 

Interrupt Request Flag Register 

IRQ1 
.!!.II SYMBOL FUNCTION 

IEN1.7 EX9 Enable EAC 
BIT S.Y.M.I!.Q!. FUNCIION 

IRQt (COHJ - 1100 11071106110511041103'1021 
interrupt IP1.7 PADC ADC interrupt prior-

IEN1.6 EX8 Enable external 
ity level BIT SYMBOL FUNCTION 

interrupt 8 IP1.S PX8 External interrupt 8 IR01.7 109 Unused 

IEN1.S EX7 Enable external 
priority level IR01.S 108 External interrupt 8 

interrupt 7 IP1.5 PX7 External interrupt 7 request flag 

IEN1.4 EXS 
priority level IR01.S 107 External interrupt 7 

Enable external request flag 
interrupt S IPl.4 PXS External interrupt 6 

priority level IR01.4 lOG External interrupt 6 
IEN1.3 EX5 Enable external request flag 

interrupt S IP1.3 PXS External interrupt S IR01.3 105 External interrupt 5 
IENl.2 EX4 Enable external 

priority level 
request flag 

interrupt 4 IP1.2 PX4 External interrupt 4 IR01.2 104 External interrupt 4 
IEN1.l EX3 Enable external 

priority level request flag 
interrupt 3 IPLI PX3 External interrupt 3 IR01.1 103 External interrupt 3 

IENI.O EX2 Enable external 
priority level request flag 

interrupt 2 IP1.0 PX2 External interrupt 2 IR01.0 102 External interrupt 2 
priority level request flag 

where 0 ~ interrupt disabled 
Interrupt priority is as follows: 1 ~ interrupt enabled 
o ~ low priority 
1 ~ high priority 
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1 .7.2 Interrupt vectors 

(highest) ~ ~ 
XO 0003H external/O 
51 002BH 12Cporl 
X5 0053H externalS 
TO OOOBH timer 0 
T2 0033H timer 2 
X6 OOSBH external 6 
XI 0013H external 1 
X2 003BH external 2 
X7 0063H external 7 
Tl 00lBH timer 1 
X3 0043H external 3 
X8 006BH externalB 
SO 0023H UART 
X4 004BH external 4 
X9 0073H ADC 
(lowest) 

INTERRUPT PRIORITY 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .7.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

83CL580 

VDD 

BEG!SIEB E!.II!I!:ITIQI!I SFR. 
ADDRESS 

IXl Interrupt polarity 
register E9H 

IRQl Interrupt request COH 
flag register 

IENO Interrupt enable ABH 
register 

IENl Interrupt enable EBH 
~ister (INT2-INTB, 
A C) 

IPO Interrupt priority 
register 

BBH 

IPl Interrupt rrriori~ FBH 
register ( NT2- NTB, ADC) 

1.8 Oscillator circuitry 
The on-chip oscillator circuitry of the 
B3CL5B0 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed, except at 32 kHz. When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverler is switched off to ensure no 
current will flow regardless of the voltage at 

Rt.I .. 

TO INTERNAL 
liMING 

CIRCUITS 

Objective specification 

80CL580/83CL580 

XTAL 1 . To drive the device with an external 
clock source, apply the external clock signal 
to XTAL I, and leave XTAL2 to float, as 
shown in Rgure 18(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see Figure 22) 

32kHz: Rg. 22(c). An option for 32 kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7 Mn bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Fig. 22(e): An option for low-power, 
low-frequency operations using LC 
components or quartz. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

V D 

RC: Fig. 22(g). An option for an RC 
oscillator. 

XTAL1 XTAL2 

'-------ID'I----------.J 

Figure 21. Oscillator 

o 
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1 1 
(A) (B) (e) 

1 
(0) (E) 

1 
(F) (G) 

Figure 22. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

MAX. RESONATOR 
RESONATOR f(MHz) OPTION C1 EXT. (pF) C2 EXT. (pF) SERIES RESISTANCE 

MIN MAX MIN MAX 15kQ4 

Quartz 0.032 32kHz 5 15 0 0 SOOQ 

Quartz 1.0 Osc.2 0 30 0 30 l00Q 

Quartz 3.58 Osc.2 0 15 0 15 75Q 

Quartz 4.0 Osc.2 0 20 0 20 SOQ 

Quartz S.O Osc.3 0 10 0 10 SOQ 

Quartz 10.0 OscA 0 15 0 15 40Q 

Quartz 12.0 OscA 0 10 0 10 20Q 

Quartz lS.0 Osc.4 0 15 0 15 10Q 

PXE OA55 Osc.2 40 50 40 50 l00Q 

PXE 1.0 Osc.2 15 50 15 50 10Q 

PXE 3.58 Osc.2 0 40 0 40 10Q 

PXE 4.0 Osc.2 0 40 0 40 5Q 

PXE S.O Osc.2 0 20 0 20 SQ 

PXE 10.0 Osc.3 0 15 0 15 SQ 

PXE 12.0 Osc.4 10 40 10 40 lOIlH = lQ 

LC Osc.2 20 90 20 90 lOOIlH =5Q 
lmH = 75Q 

NOTES: 
2. 32kHz quartz crystals with a series resistance higher than 15kQ will reduce the guaranteed supply voltage range to 2.5 . 3.5V. 
3. The equivalent circuit data of the internal oscillator compares with that of matched crystals. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS 

PARAMETER OPTION SYMBOL CONDITION MIN TYP MAX UNIT 

Transconductance 32kHz gm T = +25°C, VDD = 4.5V - 15 - IJ.S 
Osc.2 9m T = +25°C, VDD = 4.5V 200 600 1000 IJ.S 
Osc.3 9m T = +25°C, VDD = 4.5V 400 1500 4000 IJ.S 
Osc.4 9m T = +25°C, VDD = 4.5V 1000 4000 10000 IJ.S 

Input capacitance 32kHz C1i - 3.0 - pF 

Osc.2 Cl 1 - 8.0 - pF 

Osc.3 C1i - 8.0 - pF 

Osc.4 C11 - 8.0 - pF 

Output capacitance 32kHz C2i - 23 - pF 

Osc.2 C2, - 8.0 - pF 

Osc.3 C2i - 8.0 - pF 

Osc.4 C2i - 8.0 - pF 

Output resistance 32kHz R2 - 3800 - !ill 

Osc.2 R2 - 65 - !ill 

Osc.3 R2 - 18 - !ill 

Osc.4 R2 - 5.0 - kQ 

XTAl1 ~ XTAL2 

",4~ C1i [ R2 
C2j 

Figure 23. Equivalent Circuit Diagram 
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1.8.3 RC Oscillator 
The externally adjustable RC-oscillator has a 
frequency range from 100kHz to SOD kHz. 

1.9 Reset circuitry 
To initialize the 83CL580, a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 

It leaves the internal registers as follows: 
Register 
ACC 
ADCH 
ACON 
B 
DPL 
DPH 
lEND 
IENI 
IPO 
IPI 
IXI 
IRQl 
PCH 
PCL 
PCON 
PO - P4 
PWMO 
RCAP2H 
RCAP2L 
SOBUF 
SOCON 
SlADR 
SlCON 
S1DAT 
SlSTA 
PSW 
SP 
TCON 
T2CON 
T3 
THO, TH1, TH2 
TLO, TL1, TL2 
TMOD 

~ 
0000 0000 
1111 1111 
XOOO 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XOOO 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXOOOOO 
1111 1111 
0000 0000 
0000 0000 
0000 0000 
XXXXXXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1000 
0000 0000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 

600 

400 

Iooc 
1kHz) 

200 

\ 
\ 
~ 
i' I--

0 0 2 4 

RCII'S) 

Figure 24. Frequency as a 
Function of RC 

The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO-P4 is 11111111. 

The reset input to the 83CL580 is the RST 
pin. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal resel. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 

voo 

p T3 OVERFLOW 

RST r---t------;iC=:....-
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SCHMITT 
TRIGGER 

Figure 25. Reset Configuration at RST Pin 
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internal reset is repeated every cycle until 
RST goes LOW. The reset circuitry is also 
affected by the watchdog timer T3, see 
section 1.3.2. 

The internal RAM is not affected by reset. 
When Voo is turned on the RAM contents are 
indeterminate. 

1,9.1 Power-on reset 
The 83CL580 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. During that time the CPU is 
held in a reset state. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

For applications not requiring the internal 
reset, option 'OFF' should be chosen. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 10 mF capacitor. At power-on, the 
voltage on the RST pin is equal to VOD minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
internal resistor RRST to ground. The larger 
the capacitor, the more slowly V RST 
decreases. VRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 

RESET 
CIRCUITRY 

POR 
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SUPPLY 
VOLTAGE 

POWER-ON 
RESET ~NTERNAL) 

OSCILLATOR 

SWITCIING LEVEL 

~ --------------------~ 

CPU RUNNING -----+--+--~ 

Vee 

1536 OSCILLATOR 
PEIlIOOS DELAY 

Figure 26. Power-on Reset Switching Level 

,reJ 
10~F+n 83Cl580 

RST 

RRST 

Figure 27. Recommended PoweroOn Reset Circuitry 
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2.0 INSTRUCTION SET 
The 83CL580 uses a powerful instruction set 
which penmits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 

execution speed. Assigned opoodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 

Table 5. Instruction Set Description 

MNEMONIC DESCRIPTION 

Arithmetic Operations 

ADD A,Rr Add regi ster to A 

ADD A,direct Add direct byte to A 

ADD A,@Ri Add indirect RAM to A 

ADD A,#data ADD immediate data to A 

AD DC A,Rr Add register to A with carry Hag 

AD DC A,direct Add direct byte to A with carry flag 

ADDC A,@R Add indirect RAM to A with carry flag 

AD DC A,#data Add immediate data to A with carry flag 

SUBB A,Rr Subtract register from A with borrow 

SUBS A,direct Subtract direct byte from A with borrow 

SUBB A,@Ri Subtract indirect RAM from A with borrow 

SUBS A,#data Subtract immediate data from A with borrow 

INC A IncrementA 

INC Rr Increment register 

INC direct Increment direct byte 

INC @R Increment indirect RAM 

DEC A Decrement A 

DEC Rr Decrement register 

DEC direct Decrement direct byte 

DEC @R Decrement indirect RAM 

INC DPTR Increment data pointer 

MUL AS MultiplyA& B 

DIV AS Divide A by S 

DA A Decimal adjust A 

Logic Operations 

ANL A,Rr AN 0 register to A 

ANL A, direct AN D direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANI direct,A AN D A to direct byte 

ANL direct,#data AND immediate data to direct byte 

ORL A,Rr OR register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct,A OR A to direct byte 

ORL direct,#data OR immediate data to direct byte 
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16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 f!S 
and 45 in 211S. Multiply and divide 
instructions execute in 411S. 

BYTESI OPCODE 
CYCLES (HEX_) 

1 1 2" 

2 1 25 

1 1 26,27 

2 1 24 

1 1 3" 

2 1 35 

1 1 36,37 

2 1 34 

1 1 9" 

2 1 95 

1 1 96,97 

2 1 94 

1 1 04 

1 1 0" 

2 1 05 

1 1 06,07 

1 1 14 

1 1 I" 

2 1 15 

1 1 16,17 

1 2 A3 

1 4 A4 

1 4 84 

1 1 04 

1 1 5" 

2 1 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4" 

2 1 45 

1 1 46,47 

2 1 44 

2 1 42 

3 2 43 
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Table 5. Instruction Set Description (Continued) 
BYTES! OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

logic Operations (continued) 

XRL A,Rr Exclusive-OR register to A 1 1 6' 

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-OR indireci RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct, #data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right throught the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 

Data Transfer 

WOV' A,Rr Move register to A 1 1 E' 

WOV A,direct Move direct byte to A 2 1 E5 

WOV A@R Move indirect RAM to A 1 1 ES,E7 

WOV A,#data Move immediate data to A 2 1 74 

WOV Rr,A Move A to register 1 1 F' 

WOV Rr,direct Move direct byte to register 2 2 N 

WOV Rr,#data Move immediate data to register 2 1 7' 

WOV direct,A Move A to direct byte 2 1 F5 

WOV direct,Rr Move register to direct byte 2 2 8" 

WOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri.A Move A to indirect RAM 1 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76,77 

MOV DPTR,#dataI6 Load data pointer with a 16-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

MOVX A,@Ri Move external RAM (8-bit address) to A 1 2 E3, E3 

MOVX A.@DPTR Move external RAM (IS-bit address) to A 1 2 EO 

WOVX @Ri,A Move A to external RAM (a-bit address) 1 2 F2, F3 

WOVX @DPTR,A MOV A to external RAM (l6-bit address) 1 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A 1 1 C' 

XCH A,direct Exchange direct byte with A 2 1 C5 
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Table 5. Instruction Set Description (Continued) 
BYTES! OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

Data Transfer (continued) 

XCH A,@Ri Exchange indirect RAM with A 1 1 C6, C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6,D7 

Boolean Variable Manipulation 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 , C2 

SETS C Set carry flag , , D3 

SETS bit Set direct bit 2 , D2 

CPL C Complement carry flag , , 83 

CPL bit Complement direct bit 2 , 82 

ANL C.bit AND direct bit to carry flag 2 2 82 

ANL C/bit AND complement of direct bit to carry flag 2 2 80 

ORL C.bit OR direct bit to carry flag 2 2 72 

ORL C/bit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 t A2 

MOV bit,C Move carry Ilag to direct bit 2 2 92 

Program and Machine Control 

ACALL addr'l Absolute subroutine call 2 2 "'addr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine 1 2 22 

RETI Return from interrupt 1 2 32 

AJMP addrl1 Absolute jump 2 2 ···'addr 

LJMP addr16 Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

J8 bit,rel Jump if direct bit is set 3 2 20 

JN8 bit,rel Jump if direct bit is not set 3 2 30 

J8C bit,rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 85 

CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 84 

CJNE Rr,#data.rel Compare immediate to register and jump if not equal 3 2 8" 

CJNE @Ri,#data,rel Compare immediate to indo and jump il not equal 3 2 86,87 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D" 

DJNZ direct, rei Decrement direct and jump if not zero 3 2 D5 

NOP No operation 1 1 00 
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NOTES TO TABLE 5: 
Data addressing modes 

Rr Working register RO-R7. 
direct 128 internal RAM locations and any special function register (SFR). 
@Ri Indirect internal RAM location addressed by register RO or R1. 
#data 8-bit constant included in instruction. 
#data 16-bit constant included in instruction. 
bit Direct addressed bit in internal RAM or SFR. 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 

memory address space. 
addr11 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 
rei Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
• 8,9,A,B,C,D,E,F. 

11,31,51,71,91, Bl, D1, Fl. 
01,21,41,61,Bl,Al,C1,E1. 
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DOTTED UNES 
ARE VAUD WHEN 
lmORWR 
ARE ACTIVE 

ONLY AcnVE 
DURING A READ 
FROM EXTERNAL 
DATAMEIIIORY 

ONLY AcnVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 

EXTERNAL 
PROGRAM 
MEMORY 
FETCH 

READ OR WRITE 
OF EXTERNAL 
DATA MEMORY 
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XTAU 
INPUT 

ALE 

8 ONE MACHINE CYCLE 

51 S2 53 S4 55 S6 ~ nl~ ~I~ ~I~ ~I~ ~I~ ~ 

I 
1..-----. 
I '-----' 

ONE MACHINE CYCLE :J 
51 S2 53 54 55 S6 

p, ~I ~ P21 p, ~I p, P21 p, ~I p, P2 

---r-Ll 
I 

I 

{ 
"::::.. I:::' 

PORT 2 -------r--A-D-D-R-ES--S-AS--~-'5---r--A-D-D-R-E-SS--A-~-A-'-5--~--A-D-DR-E-S-S-AS--~-'-5--'-A-D-D-R-E-SS--AS--~-'-5-
____ ~ ________ ~ __________ ~ ________ _L ______ __ 

DATA OUTPUT OR DATA INPUT 

ADDRESS AS~'5 ADDRESS AS-A ,5 OR PORT 2 OUT ADDRESS AS-A'5 

PORTO,2,3 -~------------------------------.;...-----------------------------"":,,,-
OUTPUT 

PORT' 
OUTPUT 

OLD DATA 

OLD DATA 

NEW DATA 

NEW DATA 

PORTO,2,3 _____ -->n.--------'rLl 
INPUT 

PORT 1,4 
INPUT 

SERIAL 
PORT 

CLOCK 

SAMPUNG TIME OF 110 PORT PINS DURING INPUT I 
__ -----'n~-------J~ 

Figure 28_ Instruction Cyde Timing 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 
Umiting values in accordance with the Absolute Maximum System (IEC 134) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNIT 

VDD Supply voltage -0.5 +6.5 V 

VI All input voltages -0.5 VDD+O.5 V 

I" 10 DC current into any input or output - 5 rnA 

PIOI Total power dissipation - 300 mW 

Tsig Storage temperature range -S5 +150 °C 

Tarrb Operating ambient temperature range -40 +85 °C 

Tj Operating junction temperature - 125 °C 
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4.0 DC ELECTRICAL CHARACTERISTICS 
Voo: 1 SV to sv· Vss: ov· Tamb: -40°C to +S5°C all voltages with respect to Vss' unless otherwise specified 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Voo Supply voltage 2.5 - S.O V 

RAM retention voltage in power-down mode 1.0 - S.O V 

100 Supply current: 

Operating (note 1) Voo : 5V; felk : 12 MHz - - 27.0 mA 

Voo : 3V; !dk: 3.58 MHz - - 5.0 mA 

Idle mode (note 2) Voo = 5V; felk : 12 MHz - - 10.0 rnA 

Voo : 3V; !e1k: 3.58 MHz - - 3.0 mA 

Ipo Power-down mode (note 3) VDD = 1.SV; Tamb: 25°C - -_. 10 !lA 

VIL Input voltage LOW (note 6) Vss - 0.3Voo V 

VIH Input voltage HIGH (note 6) 0.7Voo - VOD V 

IOL Output sink current LOW, except SDA, SCL Voo : 5V; VOL = O.4V 1.S - - mA 

Voo: 25V; VOL: O.4V 0.7 - - rnA 

Output sink current, SDA, SCl Voo: 2.5V; VOL: O.4V 3.0 - - rnA 

-loH PWMO VDO : 5V; VOH = Voo--{).4V 3.2 - - rnA 

Voo : 2.5V; VOH : Vo~·4V 1.6 - - mA 

Output source current HIGH, push-pull options only Voo : 5V; VOH : VD~.4V 1.6 - - rnA 

VDO : 3V; VOH : Voo--{).4V 0.7 - - rnA 

-IlL Input current logic 0 Voo: 5V; VIN : 0.4V - - 100 !lA 
Voo : 3V; VIN = 0.4V - - 50 !lA 

-In. Input current logic 0, 1-to-0 transition Voo : 5V; VIN : Vool2 - - 1.0 mA 

Voo : 3V; VIN : Vool2 - - SOO !lA 
+Iu Input leakage current )prot 0, E,li;) Vss< VI < Voo - - 10 !lA 

RRsT RST pull-down resistor 10 - 200 k.Q 

VIN Analog input voltage Vss--{)·2 - Vss+0.2 V 

AVREFP Reference voltage Vss - Voo+0.2 V 

RREF Resistance between MVREF and Mvss 25 - 100 k.Q 

TAOS Sampling time - - 6tcv JlS 

TADC Conversion time (incl. sample time) - - 24tcv JlS 

Converstion-time: 24 ins!. cycles (if bit ADCON.2 : 0) 

48 ins!. cycles (if bit ADCON.2 : 1) 

Code: +/-1 LSB 

Absolute error: +/-1 LSB 

Full-scale error: +/-1 lSB 

Zero-offset error: +/-1 LSB 

Integral non-linearity: +/-1 LSB (note 8) 

Differential non-linearity: +/-1 LSB (note 7) 

Channel to channel variation: +/-1/2 LSB 

Repeatability: +/-1/2 LSB 

Temperature coefficient: 0.003 LSBfOC offset 

0.003 LSBfOC full scale 

Note: Analog input capacitance CIA max. 15 pF. 

December 1992 340 



Philips Semiconductors Microcontroller Products Objective specification 

Low-voltage single-chip 8-bit microcontroller 80CL580/83CL580 

NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with Ir = ~ = 10 ns; V1L = Vss; V1H = Voo ; XTAL2 

not connected;EA = RST + PORT 0 = Voo. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL ldriven with t,. = ~ = 10 ns; VIL = Vss ; VIH = Voo; XTAL2 

is not connected; EA = PORT 0 = VDD. 
3. The power-down current is measured with all output pins disconnected; XTAL 1 notconnected; EA = Port 0 = Voo; RST = Vss. 
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to besuperimposed on the LOW level output voltage of ALE, Port 1 

and Port 3 pins when these pins make a 1-to-0 transition during bus operations. In the most adverse conditions (capacitive loading> 100 pF) 
the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an address 
latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALEand PSEN to momentarily fall below the 0.9% of 
VDO specification when the address bits are stabilizing. 

G. The input threshold voltage of Pl.G/SCL and Pl.7/SDA meet the 12C-bus specification, soan input voltage below 0.3 Voo will be recognized 
as a logic 0, while an input voltage above 0.7 Voo will be recognized as a logic 1. 

7. Differential non-linearity: maximum deviation of the actual code width from the averagecode width. 
8. Integral non-linearity: maximum deviation between the edges of the steps of the transfercurve and the edges of the steps of the ideal step 

curve. The ideal step curve follows the line of least squares. 
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5.0 AC CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 
Voo = 5V· Vss = 0 V· Tamb = -40 to +S5 °C; CL = 50 pF for Port 0 ALE and PSEN; CL = 40 pF for all other outputs unless otherwise specified. 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT 

Program Memory (see Figure 29) 

It.L ALE pulse duration 127 - 21cK-40 - ns 

tAL Address set-up time to ALE 43 - Ic,,40 - ns 

tLA Address hold time after ALE 4S - IcK-35 - ns 

It.c Time from ALE to control pulse PSEN 58 - IcK-25 - ns 

It.IV Time from ALE to valid instruction input - 233 - 41cK-l00 ns 

Icc Control pulse duration PSEN 215 - 31cK-35 - ns 

IcIV Time from PSEN to valid instruction input - 125 - 31cK-125 ns 

Icl Input instruction hold time after PSEN 0 - 0 - ns 

IcIF Input instruction float delay after PSEN - 63 - IcK-20 ns 

tAC Address valid after PSEN 75 - IcK-S ns 

tAIV Address to valid instruction input - 302 - 51cK-t15 ns 

tAFC Address float time to PSEN 12 - 0 - ns 

AC ELECTRICAL CHARACTERISTICS 
VOD = 5V· Vss = OV· Tamb = -40'C to +S5°C· CL = 50pF for Port O· ALE and PSEN CL = 40pF for all other outputs unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT 

External Data Memory (see Figures 30 and 31) 

tAA RD pulse duration 400 - 61cK-l00 - ns 

tww WR pulse duration 400 - 61cK-l00 - ns 

It.A Address hold time after ALE 48 - IcK-35 - ns 

tAD RD to valid data input - 150 - 51cK-165 ns 

IoFA Data float delay after RD - 97 - 2lcw70 ns 

tLD Time from ALE to valid data in put - 517 - StcK-150 ns 

tAD Address to valid data input - 585 - 91cK-165 ns 

tLW Time from ALE to RD and WR 200 300 3lcK-SO 31cK+50 ns 

tAW Time from address to RD or WR 203 - 4 - ns 

tWHLH Time from RD or WR HIGH to IcK-130 
ALE HIGH 43 123 IcK-40 IcK+40 ns 

towx Data valid to WR transition 23 - IcK-60 - ns 

tDw Data set-up time before WR 433 - 71cK-150 - ns 

two Data hold time after WR 33 - IcK-SO - ns 

tAFA Address float delay after RD - 12 - 12 ns 
NOTES. 
1. Interfacing the PCF83C580 to devices with float times up to 75 ns is permitted. This limited bus contention will not cause damage to Port 0 

drivers. 
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Figure 29. Read from Program Memory 
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Figure 30. Read from Data Memory 
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2.0 CHARACTERISTIC CURVES 

0.1Voo o.1Voo 
0.9Voo 

~ TEST 9< POINTS 

0.4Voo 

0.3Voo O.3Voo 

Figure 32. AC Testing Input Waveform 
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Figure 33. Input Current Figure 34. Frequency Operating Range 
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FEATURES 
• Full static 80CS1 CPU 

• 8-bit CPU, ROM, RAM, 110 in a single 
package 

• 16K x 8 ROM, expandable externally to 
64Kbytes 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Four 8-bit ports, 32 110 lines 

• Three 16-bit timerlevent counters 

• External memory expandable up to 128K, 
external ROM up to 64K andlor RAM up to 
64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen source, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 

ORDERING INFORMATION 

• (2C bus interface for serial transfer on two 
lines. 

• Enhanced architecture with: 

- non-page oriented instructions 

- direct addressing 

- four eight-byte RAM register banks 

- stack depth limited only by available 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8V to 6.0V 

• Frequency range of 32kHz to 12MHz 

• Very low current consumption 

• Operating temperature range: -40 to +85"C 

PHILIPS PART ORDER PHIUPS NORTH AMERICA3 
NUMBER PART MARKING PART ORDER NUMBER 
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80CL 781/83CL 781 

GENERAL DESCRIPTION 
The 83CL781 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL781 is based on that of the 
8OS1. The 83CL781 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephone applications. The device 
has low power consumption and a wide range 
of supply Voltage. For emulation purposes, 
the 85CL781 (Piggy-back version) with 256 
bytes of RAM is recommended. The 
83CL781 has two software selectable modes 
of reduced activity for further power 
reduction: Idle and Power-down. The 
83CL781 also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 46 two-byte, and 
16 three-byte. 

TEMPERATURE RANGE DC DRAWING 
ROMlsss ROM ROMlsss ROM AND PACKAGE FREQUENCY NUMBER 

P80CL781HFP PB3CL7B1HFP P80CL7Bl HF N P83CL7B1 HF N -40 to +BS 40-Pin Plastic DIP' 32KHz to 12MHz SOTI29 

P80CL7B1 HFH P83CL781 HFH P80CL781 HF B P83CL7B1 HF B -40 to +85 44-Pin Plastic QFP2 32KHz to 12MHz SOT205 

NOTES: 
1. DIP = Dual In-line Package 
2. QFP = Quad Flat Pack 
3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN CONFIGURATIONS 

INT2/T2IP1.0 1 

1NT3IT2EX P1.1 2 

INT41P1.2 3 

INTS/P1.3 4 

1N1&IP1.4 5 

SCLANT8 P1.6 7 

SDAIINT8 P1.7 8 

RxDldataP3.0 

TxDlclock PS.1 

1R11IIP3.2 

1IITf1P3.3 

TOIP3.4 
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TIIP3.5 

WRlP3.6 

RDiP3.7 1 

XTAL2 

XTAL1 1 

Vss 

VDD 

POJIIADO 

PO.l/AD1 

PO.21AD2 

PO.3/AD3 

PO.41AD4 

PO.51ADS 

PO.&lAD6 

PO.7/AD7 

Ell: 

ALE 

PSEH 

P2.7/A1S 

P2.&lA14 

P2.51A13 

P2.41A12 

P2.3/A11 

P2.21A10 

P2.1/A8 

P2.O/Aa 

P1.5ANT7 1 

PUANT8 

P1.7ANT' 

RST 4 

P3.1ITXD/c1ock 7 

P3.2ARTIJ 8 

P3.3ARTl 8 

P3AlTO 
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PIN DESCRIPTION 
PIN DESIGNATION FUNCTION 

40 Pl.0/1NT2IT2 Port 1 : Port 1 is an a-bit bidirectional 110 port with internal pullups. Port 1 pins that 

41 Pl .1!1NT3T2EX have ls written to them are pulled HIGH by the internal pullups, and in thai state 

42 P1.21INT4 can be used as inputs. The Port 1 output buffer can sinklsource 4 LS TIL loads. As 

43 
P 1.311 NT5 inputs, Port 1 pins that are externally pulled LOW will source current (IlL in the 
P1.41INTS characteristics) due to the internal pullups. 

44 P 1.5/1 NT7 Port 1 also serves the alternative functions INT2to INT9, and Timer T2 external 1 P1.6IINT8 input. 
2 P1.7!1NT9 
3 

4 RST Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5,7-13 P3.0 - P3.7 Port 3: Port 3 is an a-bit bidirectional 110 port with internal pull-ups. The Port 3 
output buffers can sinklsource 4 LS TIL inputs. Port 3 pins that have ls written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs, Port 3 pins that are externally pulled LOW will source current (Ill 
in the characteristics) due to the internal pull-ups. 

5 P3.0/RxD/data RXD/data: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 P3.1lTxD/clock TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 P3.21lNTO JNTl): external interrupt o. 
9 P3.3ITNTT lfITf: external interrupt 1. 

10 P3.41T0 TO: Timer 0 external input. 

11 P3.51T1 T1 : Timer 1 external input. 

12 P3.S/WR WR: external data memory write strobe. 

13 P3.7iRO RD: external data memory read strobe. 

14 XTAL2 Crystal output: output of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

15 XTALl Crystal input: input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

16 Vss Ground: circuit ground potential. 

17 Test/Vss Test input: must be connected to Vss or left open. 

18-25 P2.0 - P2.7 Port 2: Port 2 is an a-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that 
have 1 s written to them are pulled HIGH by the internal pull-ups, and in that state 
can be used as inputs. The Port 2 output buffer can sinklsource 4 LS TIL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pull ups when emitting ls. During accesses to external memory that use a-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 PSEN Program store enable output: read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSrn 
activations are skipped. 

27 ALE Address Latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of lIS of the oscillator 
frequency, and may be used for external timing or clocking purposes. 

29 EJ\ External Access: When EJ\ is held High the CPU executes out of internal program 
memory (unless the program counter exceeds OFFFH). Holding EJ\ LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter. 

30-37 PO.O - PO.7 Port 0: Port 0 is an a-bit open drain bidirectional I/O port. As an open drain output 
pori it can sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic ls. 

38 VDD Power supply. 
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TO T1 

G) G) G) G) 

XTAL 1--- lO,T1 PROGRAM - TWO 16-B/T- MEMORY - TIMER! CPU 
XTAL2 
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ALE -~ 
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® ALTERNATE FUNCTION OF PORT 0 

f" -(1) ALTERNATE FUNCTION OF PORT 1 POWER 

~ ALTERNATE FUNCTION OF PORT 2 SUPPLY 

ALTERNATE FUNCTION OF PORT 3 Vss 

1 .0 FUNCTIONAL DESCRIPTION 

General 
The 83CL781 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory andlor up to 64K bytes of 
data storage. 

The 83CL781 contains a non-volatile 16K 
byte x 8 read-only program memory; a static 
256 byte x 8 readlwrite data memory; 32 110 
lines; three 16-bit timerlevent counters; a 
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-
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial 1/0 and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

In addition, the device provides an 12C-bus 
serial 1/0 port with byte oriented master and 
slave functions, which allows communication 
with the whole family of 12C-bus compatible 
ICs and a standard UART serial interface 
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83CL781 

l"c 
INTER-
FACE 

CD CD 

SCL SOA 

cPU timing 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 fLs if the oscillator 
frequency is 12 MHz. 

1.1 Memory organization 
The 83CL781 has a 16K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL781 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (RU 
and WR) for external Data Memory accesses, 
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and the read strobe (PSE1IJ) for external 
Program Memory. 

1 .1.1 Program Memory 
The 83CL781 contains 16K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 16K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to VDD, then program 
memory fetches from addresses OOOH 
through 3FFFH are directed to the internal 
ROM. Fetches from addresses 4000H 
through FFFFH are directed to external ROM. 

FUNCTIONAL DIAGRAM 

March 1993 

Program counter values greater than 3FFFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

1 .1.2 Data Memory 
The 83CL781 contains 256 bytes of internal 
RAM and 38 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 

locations 128-255 are only directly 
addressable. 

1 .1.3 Special Function Registers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial 1/0 registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

}~.~} LOW.ORDER 
ADDRESS AND 

DATA BUS 

} --- T2 INT2 --- T2EX INT3 --- INT. 

PORT, --- INT5 --- INT6 --- INT7 -- SCL INT8 -- SDA INT9 

} =}-" PORT 2 -- ADDRESS 
.......... BUS ----

} rom 

- =""} - TXDICLOCK --- ~ ALTERNATIVE ------ TO FUNCTIONS --- T1 - WR - RlI 
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Figure 1. Memory Map 
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Figure 3. (a) Special Function Register Memory Map 
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REGISTER 
MNEMONIC BIT ADDRESS 

DIRECT 
BYTE ADDRESS (HEX) 

~ __________ ~A~ ___________ ~ 

IPo I BE BO Be BB BA B9 B8 I B9H ..... -

P3 B7186 Iss 184 183 IB2 I B11 BO B~ 

AFH 

AEH 

ADH 

ACH 

ABH 

AAH 

ASH 

IENO AFIAE IAOI Aci ABI AAI A91 AD ASH 

P2 I A7 I A6 AS A4 A3 A2 A1 AD IA~ 
SFIIa CONTAINING 
DIRECTlY -1 SOCON gF I 9E 90 9C 98 9A 99 I"" 98 98H - ADDRESSABLE BITS 

P1 I 
TH1 

THI 

Tl1 

TlO 

TMOD 

TCON 

PCON 

OPH 

OPL 

SP 

Po 

~ 

97 96 9S 94 93 92 91 90 190H 

8DH 

SCH 

8BH 

8AH 

89H 

8F I 8E IsoT 8C ISBT SA] 89 T88 88H -
87H 

83H 

82H 

81H 

87 I S6 I 85 I 84 I 83 I 82 I 81 1 80 80H ..... -

Figure 3. (b) Special Function Register Memory Map 
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1 .1.4 Addressing 
The 83CL781 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register-plus I ndex-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Internal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 

FROM PORT 
LATCH 

INPUT DATA 

1.2 1/0 facilities 

1.2.1 Ports 
The 83CL781 has 32110 lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0, I, 2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Pan 1: (1) provides the inputs for the 
external interrupts INT2/INT9; (2) External 
counter/capture of Timer 2; (3) 12C bus 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: (1) external interrupt request 
inputs; (2) counter input; (3) control signals 
to read and write to external memories; and 
(4) UART input and output. 

To enable a Port 3 pin alternate function, the 
Pan 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 

STRONG PULL·UP 

INPUT BUFFER 
READ PORT PIN 

STRONG PULL·UP 

(B) PUSH·PULL 
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(A) STANDARD 

FROM PORT 
LATCH 

o • 
INPUT DATA 

READ PORT PIN 

Figure 4. Port Options 
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driver and an input buffer. Ports 1,2,3 have 
internal pull-ups. Figure 4(a) shows that the 
strong transistor pI is turned on for only 2 
oscillator periods after a O-to-l transition in 
the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pull-up pI is only on when 
emitting 1 s for external memory access . 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 
Thirty of the 32 parallel port pins (excluding 
Pl.6 and Pl.7with option '2S' only) may be 
individually configured with one of the 
following options (see Figure 4): 

Option 1 : Standard Port; quasi-bidirectional 
110 with pull-up. The strong booster pull-up 
pI is turned on for two oscillator periods after 
a O·to·l transition in the pan latch (see Figure 
4(a)). 

Option 2: Open drain; quasi-bidirectional 1/0 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

INPUT 
BUFFER 

(C) OPEN-DRAIN 

..sv 

EXT. 
PULL-UP 
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Option 3: Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b)). 

External Memory Accesses 

Option 1: True 0 and 1 are written as address 
to the external memory (strong pull-up is 
used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output 

110 Accesses: 

Option 1: When writing a 1 to the port-latch, 
the strong pull-up pI will be on for two 
oscillator periods. No weak pull-up exists. 
Without an external pull-up, this option can be 
used as a high-impedance input. 

Option 2: Open drain; quasi-bidirectional 110 
with n-channel open drain output Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under this 
option, pins can only be used as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending OS" or "R" 
to option 1, 2, or 3 above. 

(AlSB) 

Option S: SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 

1.3 Timer/event counter 
The 83CL781 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer 1, 
and Timer 2 which can perform the following 
functions: 

• Measure time intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

• Mode 0: 8-bit timer or counter with 
divide-by-32 prescaler 

• Mode 1: 16-bit time-interval or event 
counter 

• Mode 2: 8-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3: Timer 0 establishes TLO and THO 
as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 

(LSB) 

In the "Counter" function, the register is 
incremented in response to a 1-10-0 
transition. Since it takes two machine cycles 
(24 oscillator periods) to recognize a 1-10-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3,1 Timer 2 
Timer 2 is a 16-bit Timer/Counter. Like Timers 
o and 1, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table I. 

Table 1. Timer 2 Operating 
Modes 

RTCLK CP/R12 TR2 MODE 

0 0 1 16-Bit 
Auto-reload 

0 1 1 16-Bit 
Capture 

1 x 1 Baud Rate 
Generator 

x x 0 (Off) 

TF2 EXF2 GF2 TRCLK I EXEN21 TR2 

Symbol Position 

TF2 T2CON 

EXF2 T2CON 

RTCLK T2CONA 

EXEN2 T2CON.3 

TR2 T2CON.2 

cm T2CON.l 

CP~ T2CON.O 

GF2 
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Name and Significance 

Timer 2 overflow flag set by a Timer 2 overilow and must be cleared by 
software. TF2 will not be set when either RCLK = 1 or TCLK = I. 
Timer 2 external flag set when either a capture or reload is caused by a 
negative transition of T2EX and EXEN = I. When Timer 2 I nterrupt is enabled, EXF2 + will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overilows to be used 
for the receive and transit clock. 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if limer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EK 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. Timer 2) 
0= Internal timer (OSC/12) 
1 = External event counter (falling edge triggered) 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN 
= I. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions atT2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored 
and the timer is forced to auto-reload on Timer 2 overflow. 

General purpose flag bit 

Figure 5. T2CON: Timer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=0, then limer 2 is a 16-bittimer or 
counter which upon overflowing sets bit TF2, 
the limer 2 overflow bit, which can be used 
to generate an interrupt If EXEN2=1, then 
limer 2 still does the above, but with the 
added feature that a l-to-O transition at 
external input T2EX causes the current value 
in the limer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt The Capture Mode is 
illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when limer 2 rolls 
over it not only set TF2 but also causes the 
limer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2= 1, the limer 2 still does the above, 
but with the added feature that a l-to-O 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. 

The auto-reload mode is illustrated in Figure 
7. 

CIT:!; 0 
,...----, 

_________ ..JI CIT:!; 1 
T2PIN -

T2EX PIN 

EXEN2 

Figure 6. Timer 2 in Capture Mode 

T2AN-----------" 

T2EX PIN 

EXEN2 

Figure 7. Timer 2 in AUlo-Reload Mode 
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The baud rate generator mode is selected by 
RTCLK= I. It will be described in conjunction 
with the serial port. 

A conversion alreadY in progress is aborted 
when the Power-down mode is entered. The 
result of a completed conversion (ADCI = 
logic I) remains unaffected when entering the 
Idle mode. 

1.4 Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks to continue 
functioning while the clock to the CPU is 
halted. 
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The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode . 

• Timer 0, Timer 1, Timer 2 

.SI0,12C 

• External interrupt 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1 .4.1 Power control register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit-addressable.] 

! GF1 ! GFO! PO !IDL 

MSB LSB 

~ FUNCTION 

PCON.7 SMOD Double Baud rate 
bit When set to 
logic 1 the baud rate 
is doubled when the 
serial port Sioo is 
being used in 1, 2, 
or3. 

PCON.6 

PCON.5 

PCON.4 

PCON.3 

PCON.2 

PCON.l 

PCON.O 

GFI 

GFO 

PD 

IDL 

(reserved) 

(reserved) 

(reserved) 

General-purpose 
flag bit 

General-purpose 
flag bit 

Power-down bit. 
Setting this bit 
activates 
Power-down mode. 

Idle mode bit. 
Setting this bit 
activates the Idle 
mode. 

If logic 1 s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 

1 .4.2 Power-down mode 
The instruction setting PCON.l is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held Law. 

1 .4.3 Wake-up mode 
Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be awakened from the Power-down mode 
with either the external interrupts INT2I1 NT8, 
or a reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1 .4.3.1 Wake-up using INT2IINT9 
If INT2 to INT9 are enabled, the 83CL781 
can be awakened from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the intemal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1.4.3.2 Wake-up using RESET 
To wake-up the 83CL781 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
Defore any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

1 .4.4 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 

POWER-DOWN 

RESET PIN 

EXTERNAL INTERRUPT 

OSCILLATOR 
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DELAY COUNTER 
1536 PERIODS 

>24 PERIODS 

Figure 8. Wake-up Operation 
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data during Idle mode. The status of the 
extemal pins during Idle mode is shown in 
Table 1. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
retum-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two maclhine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, VDD may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pI (see Figure 
4(a». 
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1.5 12C Bus Serial 1/0 
The serial port supports the twin line 12C-bus. 
The 12C bus consists of a data line (SOA) and 
a clock line (SCl). These lines also function 
as 1/0 port lines PI.? and Pl.6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are all controlled by 
hardware. The 12C bus serial 110 has 

complete autonomy in byte handling and 
operates in four modes: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 

Objective specification 
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These functions are controlled by the S 1 CON 
register. SISTA is the status register whose 
contents may also be used as a vector to 
various service routines. SlOAT is the data 
shift register and SIAOR the slave address 
register. Slave address recognition is 
performed by hardware. 

Table 2. Status of the External Pins durina Idle and Power-down Modes 
MODE MEMORY ALE PSER PORTO PORT 1 PORT 2 PORT 3 

Idle (1) Internal 1 1 Port data Port data Port data Port data 

Idle (1) External 1 1 Floating Port data Address Port data 

Power-down Internal 0 0 Port data Port data Port data Port data 

Power-down External 0 0 Floating Port data Port data Port data 

S1AOR 

SDA~----------~.-------------------~ 

S10AT 

Figure 9. Serial 110 
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Serial Control Register S1 CON (D8H) 

CRO, CR1, CR2 

AA 

SI 

STO 

STA 

ENS1 

These three bits determine the serial clock frequency when 510 is in a master mode. See table 3. 

Assert Acknowledge bit. When the AA flag is set, an acknowledge (low level SOA) will be retunned during the 
acknowledge dock pulse on the SCl line when: 

• own slave address is received 

• general call address is 
received (SlAOR.O=I) 

• data byte received while 
device is programmed as 
master 

• data byte received while 
device is a selected slave 

With AA=O, no acknowledge will be returned. Consequently, no interrupt is requested when the ·own slave address" or 
general call address is received. 

510 interrupt flag. When the 51 flag is set, an acknowledge is returned after anyone of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during AA= 1 

• general call address received while 51 AOR.O and AA=l 

• data byte received or tran smitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 
the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case, no STOP condition is transmitted to the 12C bus. However, the 510 hardware behaves as if a 
STOP condition has been received and releases SOA and SCL. The 510 then switches to the "not addressed" receiver 
mode. The STO flag is automatically cleared by hardware. 

START flag. When the STA bit is set in slave mode, the 510 hardware checks the status of the 12C bus and generates a 
START condition if the bus is free. If STA is set while the 510 is in master mode, 510 transmits a repeated START 
condition. 

When ENS1=O, the SIO is disabled. The SOA and SCl outputs are in a high-impedance state; Pl.6 and Pt.7 function as 
open drain ports. When ENS=I, the SIO is enabled. The Pl.6 and Pl.7 port latches must be set to logic 1. 

11 bl 3 SCl F a e requency 
BII Rate (kHz) at lose 

CR2 CR1 CR2 lose Divided By 3.58MHz 6 MHz 12MHz 

0 0 0 256 14.0 23.4 46.9 

0 0 1 224 16.0 26.8 53.6 

0 1 0 192 18.6 31.3 62.5 

0 1 1 160 22.4 37.5 75.0 

1 0 0 960 3.73 6.25 12.5 

1 0 1 120 29.8 50 100 

1 1 0 60 59.7 100 -
1 1 1 not allowed - - -
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Status Register SlSTA (D9H) 

SI STA is an 8-bit read-only special function 
register. SISTA.3-S1STA.7 hold a status 
code. SISTA.0-S1STA.2 are held LOW. the 
contents of SISTA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C bus. 

The following is a list of the status code: 

Abbreviations used: 

SLA: 7 -bit slave address 

R: Read bit 

W: Write bit 

ACKNOT: Acknowlegement 
(acknowledge bit: 0) 

ACK: Not Acknowledge 
(acknowledge bit: 1) 

DATA: 8-bit byte to or from the 12C 
bus 

MST: Master 

SLY: Slave 

TRX: Transmitter 

REC: Receiver 

MSTITRX Mode 
SISTA Value 

08H A START condition has been 
transmitted 

10H A repeated START condition 
has been transmitted 

18H SLA and W have been transmitted, 
ACKNOT received 

28H DATA of SI DAT has been 
transmitted, ACK received 

30H DATA of S1DAT has been 
transmitted, ACKNOT received 

38H Arbitration lost in SLA, RIW or DATA 

MST/REC Mode 
SISTA Value 

38H Arbitration lost while returning 
ACKNOT 

40H SLA and R have been 
transmitted, ACK received 

48H SLA and R have been 
transmitted, ACKNOT 
received 

50H DATA has been received, ACK 
returned 

58H DATA has been received, 
ACKNOT returned 
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SLV/REC Mode 
SISTA Value 

60H Own SLA and W have been 
received, ACK returned 

68H Arbitration lost in SLA, RW as 
MST. Own SLA and W have 
been received, ACK returned. 

70H General Call has been re-
ceived, ACK returned 

78H Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 

SOH Previously addressed with 
own SLA. DATA byte received, 
ACKNOT returned. 

88H Previously addressed wtih 
General Call. DATA byte has 
been received, ACK has been 
returned. 

90H Previously addressed with 
General Call. DATA byte has 
been received, ACK has been 
returned. 

98H Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLVIREC or SLVITRX. 

SLVITRX Mode 
SISTAValue 

ASH Own SLA and R have been 
received, ACK returned 

BOH Arbitration lost in SLA, RIW 
as MST. Own SLA and R 
have been received, ACK 
returned. 

B8H DATA byte has been 
transmitted, ACK received. 

COH DATA byte has been trans
mitted, ACKNOT received. 

Miscellaneous 
SISTAValue 

OOH Bus error during MST mode 
or selected SLY mode. due to 
an erroneous START or 
STOP condition. 

Data Shift Register SlOAT (DAH) 

17161514131211101 

This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first· 
i.e., data is shifted from left to right. ' 
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OWn Address Register SlADR 
(DBH) 

This 8-bit register may be loaded with the 
7 -bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 

SIADR.O, GC: 0: general CALL address 
is not recognized. 

1 : general CALL is 
recognized. 

SIADR.7 - 1: own slave address 

1.6 Standard serial interface 
SIOO: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/12 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0),8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into R88 in 
Special Function Register SCON. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): start bit (0), 
8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into T88. 
On receive, the 9th data bit goes into R88 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1132 or 1/64 the 
oscillator frequency. 
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Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

1.6.1 MulliprocessorCommunlcalions 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 

MSB 

goes into RBS. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RBS = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With 8M2 
= 1, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 

SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their 8M2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

1 .6.2 Serial port conlrol register 
The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBB and RBS), 
and the serial port interrupt bits (TI and RI). 

I SMO I SMI I SM21 REN I TB8 I RB8 I TI 

SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if 8M2 is set to 1 then Rl will not be activated if 
the received ninth data bit (RB8) is O.ln Mode 1, if SM2=1 then Rl will 
not be activated if a valid stopbit was not received. In Mode 0, 8M2 
should beO. 

Where 8MO, 8Ml specify the serial port mode, as follows: 

SMIl SMl MODE DESCRIPTION BAUD RAIE 
0 0 0 Shift register fosc 112 
0 1 8-bitUART variable 

0 2 9-bitUART fosc 164 or fosc 1 32 
3 9-bit variable UART 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TB8 is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RB8 in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1, if 8M2=0, RB8 is the stop bit that was receiVed. In Mode 0, 
RBS is not used. 

TI is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

RI is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see 8M2). Must be cleared by 
software. 

Figure 10. Serial Port Control (SCON) Register 

Table 4. Timer 1 Generated Commonly Used Baud Rates 
BAUD RATE f ... SMOD CIT TIMER 1 MODE RELOAD VALUE 

Mode 0 Max: 1 MHz 12MHz X X X X 

Mode 2 Max: 375K 12MHz 1 X X X 

Mode 1, 3: 62.5K 12MHz 1 0 2 FFH 

19.2K 11.059MHz 1 0 2 FDH 

9.6K 11.059MHz 0 0 2 FDH 

4.8K 11.059MHz 0 0 2 FAH 

2.4K 11.059MHz 0 0 2 F4H 

1.2K 11.059MHz 0 0 2 E8H 

137.5K 11.986MHz 0 0 2 1DH 

110K 6MHz 0 0 2 72H 

110K 12MHz 0 0 1 FEEBH 

Baud rRates 
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The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency 112. The 
baud rate in Mode 2 depends on the value of 
bit SMOO in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = I, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2SMOO 164 )(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using Timer 1 to Generate Baud Rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate = (~MOD /32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in 
this application . The Timer itself can be 
configured for either "timer" or ·counter
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD = 0010B). In that case 
the baud rate is given by the formu la: 

Mode I, 3 Baud Rate = {(2SMOD 132) x 
(Oscillator Frequency)} I {12 x (256 - (TH1)) 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a IS-bit 
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software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Using Timer 2 to Generate Baud Rates 

Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 14. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 

Modes 1,3 Baud Rate = (Timer 2 Overflow 
Rate) I 16 

The Timer can be configured for either "timer" 
or "counter- operation. In the most typical 
applications, it is configured for "timer" 
operation (C1T2 = 0). "Timer" operation is a 
lillie different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer 
is would increment every machine cycle (thus 
atl/12 the oscillator frequency). As a baud 
rate generator, however, it increments every 
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state time (thus at 112 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 

Modes 1,3 Baud Rate = (Oscillator 
Frequency) I {32 x (65536 - (RCAP2H, 
RCAP2L)} 

Where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a IS-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 14. This Figure is valid only if RTCLK 
= 1 in T2CON. Note that a rollover in TH2 
does not set TF2, and will not generate an 
interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a l-to-O transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is 
running (TR2 = t) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn't be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the Timer 011 (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case. 
this case 
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1'""----- NOTE: osc. FREQ.IS DIVIDED BY 2, NOT 12 

________ ....J1 C/T2=1 
T21'1N -

TRANSlnON C DETECTOR 

THZ 

T2EXI'IN4 '--- ~""--I----'O'-t-I ~a~ 
I CONTROL 

EXEN2 

"nUER2 
INTERRUPT"· 

L NOTE AVAILABlUT"Y OF ADDlnONAL EXTERNAL INTERRUPT 

Figure 11. llmer 2 In Baud Rate Generator Mode 
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1.7 Interrupt system 
External events and the real-time-driven 
on-chip peripherals reqJire service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The 83Cl781 acknowledges 
interrupt requests from fifteen sources as 
follows: 

• INTO through INT9 

• Timer 0, Timer 1, and Timer 2 

• 12C bus serial 110 

• UART 

INTERRUPT 
SOURCES 

-
xo 
~ 

$, -
X5 
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TO 

I--
12 
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I--
x. 
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-
-~ 
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-r-
~ .... -
r.. .... -. 
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....."-
----..... "-
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..... r.. 

----"--..... "-
--.. 

-

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

1 .7.1 External Interrupts INT211NT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
"Wake-up· the device trom Power-down 
mode. Using the IXl register, each pin may 

pmORITY 

3 
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J 
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P ••• 

w 
!Il Pl.S 

w 
:::J 
0 w P1.4 ., 
!i! 
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be initialized to either active HIGH or law. 
IRa1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

The port 1 interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or lOW depending on Interrupt 
Polarity Register IX1) on Plx is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 

IX. lEN. IRQ. 

1-r---.X9 

H~-·xa 

HHr--X7 

H~--X& 

HII"-'--xs 

HfIIIII~-X4 

HiIfIfI_-xs 

H-IIIIIIt--X2 

WAKE-UP 

Figure 12. Interrupt System Figure 13. External Interrupt Configuration 
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Interrupt Enable Register IENO, Interrupt Priority Register Interrupt Polarity Register 
IEN1 IPO,IP1 IX1 

lEN<> (ASH)I EA I ET21 Es,l ESOI ET,I Ex,l ETOI EXD I IPO (BaH) I - I PT21 ps,l PSG I PH I px,l PTO I PXO I IX, (E9H) tl19IILSIIL71IL611L5IIL41IL31IL21 

BIT SYMBOL FUNCTION BIT SYMBOL FUNCTION Writing either a "1" or "0" to an IX1 register bit 
sets the polarity level of the corresponding 

IENO.7 EA General enable! IPO.7 Unused external interrupt to active HIGH or LOW 
disable control IPO.6 PT2 Timer 2 interrupt respectively. 
o = no interrupt is priority level BIT SYMBOL FUNCTION enabled; 
1=any individually IPO.5 PS1 Unused IX1.7 IL9 External interrupt 9 enabled interrupt will 

IPOA PSO UART SIO interrupt polarity level be accepted 
priority level IX1.6 IL8 External interrupt 8 IENO.6 ET2 Enable T2 interrupt 

IPO.3 PT1 Timer 1 interrupt polarity level 
IENO.5 ES1 Enable 12e interrupt priority level IX1.5 IL? External interrupt 7 
IENO.4 ESO Enable UART SIO IPO.2 PX1 External interrupt 1 polarity level 

interrupt priority level IX1.4 IL6 External interrupt 6 
IENO.3 ET1 Enable Timer T1 IPO.1 PTO Timer 0 interrupt polarity level 

interrupt priority level IX1.3 ILS External interrupt 5 
IENO.2 EX1 Enable external IPO.O PXO External interrupt 0 polarity level 

interrupt 1 priority level IX1.2 IL4 External interrupt 4 
IENO.1 ETO Enable Timer TO polarity level 

interrupt 
IX1.1 IL3 External interrupt 3 

IENO.O EXO Enable external polarity level 
interrupt 0 

IX1.0 IL2 External interrupt 2 

lEN, (ESHj EX. I EXsl EX71 EX. I EXsl EX41 EX31 EX21 IP1 (FSH) I PX91 pxal PX71 PX61 pxsl PX41 PX31 PX21 
polarity level 

IDI SYMBOL FUNCTION BIT SYMBOL FUNCTION Interrupt Request Flag Register 
IRQ1 

IEN1.? EX9 Enable external IPl.7 PX9 External interrupt 9 
IRQ' (COHjlQ9llaeIIQ71106llosIIQ41103IIQ21 interrupt 9 priority level 

IEN1.6 EX8 Enable external IPl.6 PX8 External interrupt 8 
interrupt 8 priority level BIT SYMBOL FUNCTION 

IEN1.S EX? Enable external IPl.5 PX7 External interrupt 7 IR01.7 109 External interrupt 9 
request Ilag 

interrupt 7 priority level 
IR01.6 108 External interrupt 8 

IEN1.4 EX6 Enable external IPl.4 PX6 External interrupt 6 request flag 
interrupt 6 priority level 

IR01.S 107 External interrupt 7 
IEN1.3 EX5 Enable external IP1.3 PXS External interrupt S request flag 

interruptS priority level IR01.4 106 External interrupt 6 

IEN1.2 EX4 Enable external IPl.2 PX4 External interrupt 4 request flag 

interrupt 4 priority level IR01.3 105 External interrupt S 

IEN1.1 EX3 Enable external IP1.1 PX3 External interrupt 3 request flag 

interrupt 3 priority level IR01.2 104 External interrupt 4 

IEN1.0 EX2 Enable external IP1.0 PX2 External interrupt 2 
request flag 

interrupt 2 priority level IR01.1 103 External interrupt 3 
request flag 

where 0 = interrupt disabled Interrupt priority is as follows: IRQ1.0 102 External interrupt 2 

1 = interrupt enabled o = low priority 
request flag 

1 = high priority 
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1 .1.2 Interrupt vectors 

(highest) Vector Source 

XO 0003H external/O 
SI 002BH 12C port 
XS 0053H externalS 
TO OOOBH timer 0 
T2 0033H timer 2 
X6 OOSBH external 6 
XI 0013H external 1 
X2 003BH external 2 
X7 0063H external 7 
Tl 00IBH timer 1 
X3 0043H external 3 
XB 006BH external 8 
SO 0023H UART 
X4 004BH external 4 
X9 0073H external 9 
(lowest) 

Interrupt Priority 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .1.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

83CL181 

voo 

REGISTER fUNCTION 
SfR 

ADDRESS 

IXI Interrupt polarity E9H 
register 

IRQl Interrupt request COH 
flag reg ister 

IENO Interru pt enable A8H 
negister 

lEN 1 Interrupt enable 
register (INT2-INT9) 

E8H 

IPO Interrupt priority B8H 
register 

f8H IPI Interrupt ftriOri7, 
register ( NT2- NT9) 

1.8 OSCillator circuitry 
The on-chip oscillator circuitry of the 
83CL781 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). for operation as a standard 
quartz oscillator, no external components are 
needed (except at 32 kHz). When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 
XTAL1. To drive the device with an external 

voo 

Rbiaa 

TO INTERNAL 
TIMING 

CIRCUITS 
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clock source, apply the external clock signal 
to XTAL I, and leave XTAL2 to float, as 
shown in Figure 22(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see figure 22) 

32kHz: Figure 22(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.1MQ bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Figure 22(e): An option for 
low-power, low-frequency 
operations using LC components. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

RC: Figure 22(g). An option for an RC 
oscillator. 

The equivalent circuit data of the internal 
oscillator compares with that of matched 
crystals. 

v 0 

XTAl1 XTAL2 

L---.----jID,t----~ 

figure 14. Oscillator 
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,1 1 
(A) (B) (C) 

1 1 
(D) (E) 

N.C. 

voo 

(F) (G) 

Figure 15. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

MAX. RESONATOR 
RESONATOR f(MHz) OPTION C1 EXT. (pF) C2 EXT. (pF) SERIES RESISTANCE 

MIN MAX MIN MAX 15kn 4 

Quartz 0.032 32kHz 5 15 0 0 SOOQ 

Quartz 1.0 Osc.2 0 30 0 30 100Q 

Quartz 3.58 Osc.2 0 15 0 15 75n 

Quartz 4.0 Osc.2 0 20 0 20 son 

Quartz S.O Osc.3 0 10 0 10 60n 

Quartz 10.0 Osc.4 0 15 0 15 40n 

Quartz 12.0 Osc.4 0 10 0 10 20n 

PXE 0.455 Osc.2 40 50 40 50 l00Q 

PXE 1.0 Osc.2 15 50 lS SO 10n 

PXE 3.58 Osc.2 0 40 0 40 10n 

PXE 4.0 Osc.2 0 40 0 40 sn 

PXE S.O Osc.2 0 20 0 20 SQ 

PXE 10.0 Osc.3 0 lS 0 15 SQ 

PXE 12.0 Osc.4 10 40 10 40 10!,H ~ lQ 

LC Osc.2 20 90 20 90 100!,H ~ sn 
lmH ~75Q 

NOTES: 
2. 32kHz quartz crystals with a series resistance higher than 15kQ will reduce the guaranteed supply voltage range to 2.5 - 3.SV 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 23) 

PARAMETER OPTION SYMBOL CONDITION MIN TYP MAX UNIT 

Transconductance 32kHz 9m T = +25°C, Vee = 4.5V - 15 - (1S 

Osc.2 9m T = +25°C, Vee = 4.5V 200 600 1000 (1S 

Osc.3 9m T = +25°C, Vee = 4.5V 400 1500 4000 (1S 

Osc.4 9m T = +25°C, Vee = 4.5V 1000 4000 10000 (1S 

Input capacitance 32kHz C1i - 3.0 - pF 

Osc.2 Cl 1 - 8.0 - pF 

Osc.3 C1i - 8.0 - pF 

Osc.4 C11 - 8.0 - pF 

Output capacitance 32kHz C21 - 23 - pF 

Osc.2 C2i - 8.0 - pF 

Osc.3 C2i - 8.0 - pF 

Osc.4 C2i - 8.0 - pF 

Output resistance 32kHz R2 - 3800 - kn 

Osc.2 R2 - 65 - kn 

Osc.3 R2 - 18 - kn 

Osc.4 R2 - 5.0 - kn 

1. The eqUivalent circuit data of internal oscillator compares wtth that of matched crystals . 

XTALt ...!!.... XTAl2 

,.,~~ c1i I R2 
C21 

Figure 16. Equivalent Circuit Diagram 
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1.8.2 RC Oscillator 
The externally adjustable RC-oscillator has a 
frequency range from 100kHz to 500 kHz. 

1.9 Reset circuitry 
To initialize the 83CL781, a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 

It leaves the internal registers as follows: 

BmIml 
ACC 
B 
DPl 
DPH 
lEO 
IEl 
IPO 
IPl 
IXl 
IRal 
PCH 
PCl 
PCON 
PO-P3 
saBUF 
saCON 
SlADR 
SlCON 
SlOAT 
SlSTA 
SP 
TCON 
T2CON 
T3 
THO, TH1, TH2 
no, TL1, TL2 
TOOD 
PSW 
RCAP2l 
RCAP2H 
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~ 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXOOOOOO 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXOOOOO 
1111 1111 
XXXXXXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 

RST 

0 
d7 

400 -(kHz) 
2DII 

\ 
\ 

" ......... -
• 4 
RC (JI.O) 

Figure 17. Frequency as a 
Function of RC 

The reset stale of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port PO-P3 is 1111 1111. 

The reset input to the 83CL781 is RST pin 
15. A Schmilltrigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

ff 
SCHliTT 
TRIGGER 

Figure 18. Reset Configuration at RST Pin 
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The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by reset. 
When Voo is turned on the RAM contents are 
indeterminate. 

1.9.1 Power-on reset 
The 83Cl781 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vee 
via a 10 "F capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Veo as the capacitor discharges through the 
internal resistor RRST to ground. The larger 
the capacitor, the more slowly VAST 
decreases. VAST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 

RESET 
CIRCUITRY 
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SUPPLY 
VOLTAGE 

OBaLLATOR 

SWlTCIIIIG LEVEL 

~ -'------------------~ 

CPU HUNNIIG --------+--.....,1---1 

1538 OSCILLATOR 
PERIODS DELAY 

Rgure 19. Power-on Reset Switching Level 

,"J 
10~F+! ~ 83CL781 

RST 

HAST 

c .. 

Figure 20. Recommended PoweMln Reset Circuitry 
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2.0 INSTRUCTION SET 
The 83CL781 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 

high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 
16 three-byte instructions. When using a 12 

Table 5. Instruction Set Description 

MNEMONIC DESCRIPTION 

ArIthmetic Operations 

ADD A.Rr Add register to A 

ADD A.direct Add direct byte to A 

ADD A,@Ri Add indirect RAM to A 

ADD A,#data ADD immediate data to A 

ADDC A,Rr Add register to A with cany flag 

ADDC A,direct Add direct byte to A with carry flag 

ADDC A,@R Add indirect RAM to A with carry flag 

ADDC A,#data Add immediate data to A with cany flag 

SUBB A,Rr Subtract register from A with borrow 

SUBB A,direct Subtract direct byte from A with borrow 

SUBB A,@Ri Subtract indirect RAM from A with borrow 

SUBB A,#data Subtract immediate data from A with borrow 

INC A IncrementA 

INC Rr Increment register 

INC direct Increment direct byte 

INC @R Increment indirect RAM 

DEC A Decrement A 

DEC Rr Decrement register 

DEC direct Decrement direct byte 

DEC @R Decrement indirect RAM 

INC DPTR Increment data pointer 

MUL AB MulliplyA& B 

DIV AB Divide A by B 

DA A Decimal adjust A 

logic Operations 

ANL A,Rr AND registerto A 

ANL A, direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANI direct,A AND A to direct byte 

ANL direct,#data AND immediate data to direct by1e 

ORL A.Rr OR register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct,A OR A to direct byte 
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MHz oscillator, 64 instructions execute in 1 JlS 
and 45 in 2 JlS. Multiply and divide 
instructions execute in 
4 JlS. 

BYTES! OPCODE 
CYCLES (HEX.) 

1 1 2-

2 1 25 

1 1 26,27 

2 1 24 

1 1 3-

2 1 35 

1 1 36,37 

2 1 34 

1 1 9-

2 1 95 

1 1 96,97 

2 1 94 

1 1 04 

1 1 0-

2 1 05 

1 1 06,07 

1 1 14 

1 1 1-

2 1 15 

1 1 16.17 

1 2 A3 

1 4 A4 

1 4 84 

1 1 04 

1 1 5-

2 1 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4-

2 1 45 

1 1 46,47 

2 1 44 

2 1 42 
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Table 5. Instruction Set Description (Continued) 
BYTES! OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

Logic Operations (continued) 

ORL direct, #data OR immediate data to direct byte 3 2 43 

XRL A,Rr Exclusive-OR register to A 1 1 6' 

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-oR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct, #data Exclusive-oR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right throught the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 

Data Transfer 

MOV' A,Rr Move register to A 1 1 E' 

MOV A,direct Move direct byte to A 2 1 E5 

MOV A@R Move indirect RAM to A 1 1 E6,E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 1 P 

MOV Rr,direct Move direct byte to register 2 2 A' 

MOV Rr,#data Move immediate data to register 2 1 r 
MOV direct,A Move A to direct byte 2 1 F5 

MOV direct,Rr Move register to direct byte 2 2 8' 

MOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct, #data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76,n 

MOV DPTR,#dataI6 Load data pointer with a 16-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

MOVX A,@Ri Move external RAM (S-bit address) to A 1 2 E3,E3 

MOVX A,@DPTR Move external RAM (l6-bit address) to A 1 2 EO 

MOVX @Ri,A Move A to external RAM (S-bit address) 1 2 F2, F3 

MOVX @DPTR,A MOV A to external RAM (16-bit address) 1 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A 1 1 C' 

XCH A,direct Exchange direct byte with A 2 1 C5 
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Table 5. Instruction Set Description (Continued) 

BYTESI OPCODE 
MNEMONIC DESCRIPTION CYCLES (HEX.) 

Data Transfer (continued) 

XCH A,@Ri Exchange indirect RAM with A 1 1 C6,C7 

XCHO A,@Ri Exchange LOW-mder digit indirect RAM with A 1 1 06,07 

Boolean Variable Manipulation 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SETB C Set carry flag 1 1 03 

SETB bit Set direct bit 2 1 02 

CPL C Complement carry flag 1 1 B3 

CPL bit Complement direct bit 2 1 B2 

ANL C,bit ANO direct bit to carry flag 2 2 82 

ANL C,Ibit ANO complement of direct bit to carry flag 2 2 BO 

ORL C,bit OR direct bit to carry flag 2 2 72 

ORL C,Ibit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to direct bit 2 2 92 

Program and Machine Control 

ACALL addrl1 Absolute subroutine call 2 2 "laddr 

LCALL addr16 Long subroutine call 3 2 12 

RET Retum from subroutine 1 2 22 

RETI Retum from interrupt 1 2 32 

AJMP addrl1 Absolute jump 2 2 '''laddr 

LJMP addr16 Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+OPTR Jump indirect relative to the OPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

JB bit,rel Jump if direct bit is set 3 2 20 

JNB bit,rel Jump if direct bit is not sel 3 2 30 

JBC bit, rei Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 B5 

CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 B4 

CJNE Rr,#data,rel Compare immediate to register and jump if not equal 3 2 B' 

CJNE @Ri,#data,rel Compare immediate to indo and jump if not equal 3 2 B6,97 

OJNZ Rr,rel Oecrement register and jump if not zero 2 2 O' 

DJNZ direct, rei Oecrement direct and jump if not zero 3 2 05 

NOP No operation 1 1 00 
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NOTES TO TABLE 5: 
Data addressing modes 

Rr Working register RO-R7. 
direct 128 internal RAM locations and any special function register (SFR). 
@Ri Indirect internal RAM location addressed by register RO or R1. 
#data 8-bit constant included in instruction. 
#data 16-bit constant included in instruction. 
bit Direct addressed bit in internal RAM or SFR. 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 

memory address space. 
addrll ll-bitdestination address. Used by ACALLand AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 
rei Signed (two's complement) 8-bit olfset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
• 8,9, A, B ,C ,0 ,E ,F. 

11,31,51,71,91, Bl, 01, Fl. 
••• : 01,21,41,61,81, AI, Cl, El. 
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ADDRESS A8-A15 ADDRESS A8-A15 ADDRESS A8-A15 I ADDRESS AB-A15 

DATA OUTPUT OR DATA INPUT 

ADDRESS A8-A15 ADDRESS A1-A15 OR PORT 2 OUT I ADDRESS AB-A15 

PORT~3~--------------------------~--------------------------~ 
OUTPUT 

PORT 1 
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OLD DATA 

OLD DATA 
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Figure 21. Ins.ructlon Cycle Timing 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 
Umiting values in accordance with the Absolute Maximum System (IEC 134) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNIT 

Voo Supply voltage (Pin 40) -0.5 6.5 V 

VI All input voltages -0.5 Voo+O.5 V 

11.10 DC current into any input or output - 5 rnA 

PfDI Total power dissipation - 300 mW 

T.1g Storage temperature range -65 +150 ·C 

Tarrb Operating ambient temperature range -40 +85 ·C 

Ti Operating junction temperature - 125 ·C 
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4.0 DC ELECTRICAL CHARACTERISTICS 
VOO = 1 8V to 6V' Vss - OV' TarTt> - -40°C to +B5°C all wllages with respect to Vss' unless otherwise specified - -

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

Voo Supply vollage 1.8 - 6.0 

RAM retention vollage in power-down mode 1.0 - 6.0 

100 Power supply current: 
Operating (note 1) Voo = SV; felk = 12 MHz - - tbf 

Voo = 3V; fek = 3.S8 MHz - - tbf 

Idle mode (note 2) Voo = SV; felk = 12 MHz - - tbf 

Voo = 3V; felk = 3.S8 MHz - - tbf 

Ipo Power-down mode (note 3) Voo = 1.8V;Tarro= 2S °C - - 10 

VIL Input low vollage (note 6) Vss - 0.3Voo 

VIH Input high voltage (note 6) O·7Voo - Voo 

IOL Output sink current LOW, except SOA, SCL Voo = Sv; VOL = 0.4V 1.6 - -

Voo = 2.SV; VOL = 0.4V 0.7 - -

Output sink current, SOA, SCL Voo = 2.Sv; VOL = 0.4V 3.0 - -

-IOH Output source current HIGH, push-pull options only Voo = SV; VOH = Voo~.4V 1.6 - -
Voo = 3v; VOH = Voo~.4V 0.7 - -

-IlL Input current logic 0 Voo = Sv; VIN = 0.4V - - 100 

Voo = 3v; VIN = 0.4V - - 50 

-ITL Input current logic 0, 1-to~ transition Voo = Sv; VIN = Voo/2 - - 1.0 

Voo = 3v; VIN = Voo/2 - - SOO 

±ILJ Input leakage current (port PO, U) Vss < VI < Voo - - 10 

RRST RST pull-down resistor 10 - 200 

NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = ~ = 10ns; VIL = Vss +O.SV; 

VIH = Voo ~.SV; XTAL2 not connected; EA = RST + Port a = Voo. 

UNIT 

V 

V 

rnA 

IIA 
rnA 

rnA 

IIA 
V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

IIA 
IIA 
rnA 

IIA 
IIA 
kn 

2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = " = 10ns; Vss = O.SV; VIH = Voo ~.SV; 
XTAL2 not connected; EA = RST + Port a = Voo. 

3. The power-down current is measured with all output pins disconnected; XTALl not connected; EA = porta = Voo; RST = Vss. 
4. Capacitive loading on Port a and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output vollage of ALE, Port 

1 and Port 3 pins when these pins make a l-to~ transition during bus operations. In the most adverse conditions (capacitive loading 
>100 pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmittlrigger, or use 
an address latch with a Schmittlrigger strobe input. 

S. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output vollage on ALE and PSEN to momentarily fall below the 0.9% of 
Voo specification when the address bits are stabilizing. 

6. The input threshold vo~age of P1.6ISCL and Pl.7/s0A meet the 12C-bus specification, so an input voltage below 0.3 Voo will be recognized 
as a logic 0, while an input voltage above 0.7 Voo will be recognized as a logic 1. 
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5.0 AC CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 
Voo = 5V±10%; Vss = oV; Tamb = -40°C to +85°C; CL = 50pF for Port 0, ALE and PSEN; CL = 80pF for all other outputs 
unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX 

Program Memory (see Figure 29) 

It.L ALE pulse duration 127 - 2tc1("4O -
tAL Address set-up time to ALE 43 - IcK-4O -
tLA Address hold time after ALE 48 - 1cK-35 -
It.c Time from ALE to control pulse PSEN 58 - 1c,,25 -
It.IV Time from ALE to valid instruction input - 233 - 41cK'"100 

Icc Control pulse duration PSEN 215 - 31c1('"35 -
lciv Time from PSEN to valid instruction input - 125 - 31cK-125 

Icl Input instruction hold time after PSEN 0 - 0 -
IcIF Input instruction float delay after PSEN - 63 - 1cK'"20 

lAc Address valid after PSEN 75 - 1cK-B 

tAIV Address to valid instruction input - 302 - 51c,,115 

tAFC Address float time to PSEN 12 - 0 -

AC ELECTRICAL CHARACTERISTICS 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Voo = 5V; Vss = OV; Tarm = -40°C to +85OC; CL = 50pF for Port 0; ALE and PSEN CL = 40pF for all other outputs unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX I MIN MAX 

External Data Memory (see Figures 30 and 31) 

tRR RD pulse duration 400 - 61cK-l00 -
tww WR pulse duration 400 - 61c,,100 -
It.A Address hold time after ALE 48 - IcK-35 -
tRO RD to valid data input - 150 - 51cK-165 

tOFR Data float delay after RD - 97 - 2tcK-7O 

It.o Time from ALE to valid data input - 517 - SIcK-150 

lAo Address to valid data input - 585 - 9IcK'"165 

It.w Time from ALE to RD and WR 200 300 31cK-50 31cK+50 

tAW Time from address to RD or WR 203 - 4 -
tWHLH Time from RD or WR HIGH to 1c,,130 

ALE HIGH 43 123 IcI("4O 1cK+40 

Iowx Data valid to WR transition 23 - 1cK-OO -
low Data set-up time before WR 433 - 71cK-150 -
two Data hold time after WR 33 - IcK-50 -
IAFR Address float delay after RD - 12 - 12 

NOTES. 
I. Interfacing the 83CL781 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 

Port 0 drivers. 
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Figure 22. Read from Program Memory 
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Figure 23. Read from Data Memory 

twHlH --.----

ALE 

WR 
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'DWX 
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PORTO DATA OUTPUT 

PORT 2 ---, ADDRESS AS TO A.S OR PORT 2 OUT 

Figure 24. Write to Data Memory 
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2.0 CHARACTERISTIC CURVES 

o.7Voo 0.7Voo 
O.9VDD 

x> TEST 9< POINTS 

O.4Voo 

O.3Voo O.3Voo 

Figure 25. AC Testing Input Waveform 

102 

In. 
1 rnA 10' 

'XTAL 
(MHz) 

-IL 

'0-' 

1001'4 ~ 

10_2 

Vo0J2 Voo 

Voo (V) 

Figure 26. Input Current Figure 27. Frequency Operating Range 

March 1993 380 



Philips Semiconductors Microcontroller Products 

Low-voltage single-chip 8-bit microcontroller 

16 

12 

f--
To be --Determined 

Figure 28. Typical Operating Current vs. 
Frequency and Voo, Tamb = 25'C 
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Figure 29. Typical Idle Current vs. 
Frequency and Voo, Tamb = 25°C 

Figure 3D. Typical Power-down Current vs. Voo, T 8mb = 25'C 
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FEATURES 
• Full static 8OC51 CPU 

• 8-bit CPU, ROM, RAM, 1/0 in a single 
package 

• 16K x 8 ROM, expandable externally to 
64K bytes 

• 256 bytes RAM, expandable externally to 
64Kbytes 

• Four 8-bit ports, 32 I/O lines 

• Three 16-bit timerlevent counters 

• External memory expandable up to 128K, 
external ROM up to 64K andlor RAM up to 
64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen sourae, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 

ORDERING INFORMATION 

• 12C bus interface for serial transfer on two 
lines. 

• Enhanaed architecture with: 

non-page oriented instructions 

direct addressing 

four eight-byte RAM register banks 

stack depth limited only by available 
intemal RAM (max. 256 bytes) 

multiply, divide, subtract and compare 
instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of I.BV to 6.0V 

• Frequency range of 32KHz to 12MHz 

• 12MHz operation at 3V 

• Very low current consumption 

• Operating temperature range: -25 to +55°C 

PHILIPS PART ORDER PHILIPS NORTH AMERICA 3 

NUMBER PART MARKING PART ORDER NUMBER 

Objective specification 

80CL782/83CL782 

GENERAL DESCRIPTION 
The B3CL7B2 is manufactured in an 
advanaed CMOS technology. The instruction 
set of the B3CL7B2 is based on that of the 
8051. The 83CL7B2 is an B-bitgeneral 
purpose microcontroller especially suited for 
cordless telephone applications, The device 
has low power consumption and a wide range 
of supply voltage. For emulation purposes, 
the B5CL7Bl (Piggy-back version) with 256 
bytes of RAM is recommended. The 
83CL7B2 has two software selectable modes 
of reduced activity for further power 
reduction: Idle and Power-down. The 
83CL782 also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 46 two-byte, and 16 
three-byte. 

TEMPERATURERANGEoC DRAWING 
ROM less ROM ROMless ROM AND PACKAGE FREQUENCY NUMBER 

PBOCL7B2HDP P83CL782HDP PBOCL782HD N P83CL782HD N -25 to +55 40-Pin Plastic DIP' 32KHz to 12MHz SOTI29 

P80CL782HDH P83CL782HDH P80CL782HD B P83CL782HD B -25 to +55 44-Pin Plastic QFP 2 32KHz to 12MHz SOT205 

NOTES: 
I. DIP = Dual In-line Package 
2. QFP = Quad Flat Pack 
3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN CONFIGURATIONS 

RxDfdata paD 

TxD/clock P3.1 

INTO/Paz 

1IITI1P3.3 

TO/P3.4 
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T11P3.5 

WRiP3.6 

RD/P3.1 

XTAL2 

XTAl1 

Vss 

VDD 

PM/ADO 

PO.l/AD1 

PD.21AD2 

PO.31AD3 

PD.41AD4 

PO.51ADS 

PO.6JAD6 

PO.7/AD7 

ALE 

PSElI 

P2.7fA1S 

P2.61A14 

P2.5fA13 

P2.4fA12 

P2.3fAl1 

P2.21Al0 

P2.1/A9 

P2.OJAa 

Pt.MNT7 t 

Pt.6IINT8 2 

Pt.7nNTt 3 

P3.OfRXO/dat. 5 

P3.1fTXD/clock 1 

P3.2miI1J 

P3.3MlTi 9 

P3.4/TO 

P3.SlTt 
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PIN DESCRIPTION 
PIN DESIGNATION FUNCTION 

40 Pl.0/1NT2fT2 Port 1: Port 1 is an B-bit bidirectional 1/0 port with internal pullups. Port 1 pins that 

41 Pl.l/1NT3T2EX have 15 written to them are pulled HIGH by the internal pullups, and in that state 

42 Pl.21INT4 can be used as inputs. The Port 1 output buffer can sink/source 4 lS TTL loads. As 

43 
P1.3IINT5 inputs, Port 1 pins that are externally pulled lOW will source current (IlL in the 
P1.41INT6 characteristics) due to the internal pullups. 

44 Pl.51INT7 Port 1 also serves the alternative functions INT2 to INT9, and TImer T2 external 1 Pl.6/INTB input. 
2 P1.7/1NT9 
3 

4 RST Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5,7-13 P3.0 - P3.7 Port 3: Port 3 is an B-bit bidirectional 1/0 port with internal pull-ups. The Port 3 
output buffers can sink/source 4 lS TTL inputs. Port 3 pins that have 1 s written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs, Port 3 pins that are externally pulled lOW will source current (IlL 
in the characteristics) due to the internal pull-ups. 

5 P3.0/RxD/data RXD/data: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 P3.1fTxD/ciock TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 P3.21f11fm rnm: external interrupt O. 

9 P3.3ITNTl TNTl: external interrupt 1. 

10 P3.4fTO TO: TImer 0 external input. 

11 P3.5fTl T1 : TImer 1 external input. 

12 P3.6iWR WR: external data memory write strobe. 

13 P3.7/m RD: external data memory read strobe. 

14 XTAL2 Crystal output: output of the inverting amplifier of the oscillator. left open when 
external clock is used. 

15 XTAll Crystal input: input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

16 Vss Ground: circuit ground potential. 

17 Test/Vss Test input: must be connected to Vss or left open. 

18-25 P20 - P2.7 Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that 
have ls written to them are pulled HIGH by the internal pull-ups, and in that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 lS TTL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pullups when emitting 1 s. During accesses to external memory that use 8-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 PSEN Program store enable output: read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSrn 
activations are skipped. 

27 ALE Address latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes. 

29 Eli External Access: When Eli is held High the CPU executes out of internal program 
memory (unless the program counter exceeds OFFFH). Holding Eli lOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter. 

30-37 PO.O - PO.? Port 0: Port 0 is an 8-bit open drain bidirectional 110 port. As an open drain output 
port it can sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic 1 s. 

38 VDD Power supply. 
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1.0 FUNCTIONAL DESCRIPTION 

General 
The 83Cl782 is a stand-alone 
high-perfonnance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 83CL782 contains a non-volatile 16K 
byte x 8 read-only program memory; a static 
256 byte x 8 readlwrite data memory; 32 110 
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lines; three 16-bit timer/event counters; a 
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial 1/0 and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

In addition, the device provides an 12C-bus 
serial VO port with byte oriented master and 
slave functions, which allows communication 
with the whole family of 12C-bus compatible 
I Cs and a standard UART serial interface. 
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CPU timing 
A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 I'S if the oscillator 
frequency is 12 MHz. 

2.1 Memory organization 
The 83CL782 has a 16K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL782 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 
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2 .1.1 Program Memory 
The 83CL782 contains 16K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 16K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to VDD, then program 
memory fetches from addresses OOOH 
through 3FFFH are directed to the internal 
ROM. Fetches from addresses 4000H 
through FFFFH are directed to external ROM. 
Program counter values greater than 3FFFH 

FUNCTIONAL DIAGRAM 
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are automatically addressed to external 
memory regardless of the state of the EA pin. 

2.1.2 Data Memory 
The 83CL782 contains 256 bytes of internal 
RAM and 38 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 

locations 128-255 are only directly 
addressable. 

2 .1.3 Special Function Registers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs indude the port latches, timers, 
peripheral control, serial 110 registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

}~.~} lOW·ORDER 
ADORESSANO 

OATADUS 

} -- T2 INT2 -- T2EX INT3 -- INT4 

PORT. -- INT5 -- INT6 -- INT7 --- SCl INT8 --- SOA INT9 

} ~}-.. '" PORT 2 ~ ADDRESS 

--- BUS ----------}-, - =."'} _ TXO/ClOCK -- :::w ALTERNATIVE ---- TO FUNCTIONS -- 11 - WR - JII1 
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2 .1.4 Addressing 
The 83CL782 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• fmmediate 

• Base-Register-plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Internal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 

FROM PORT 
LATCH 

2 .2 1/0 facilities 

2.2.1 Ports 
The 83CL782 has 32 1/0 lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0, 1, 2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1: (1) provides the inputs for the 
external interrupts INT2/INT9; (2) External 
counterlcapture of Timer 2; (3) 12C bus 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: (1) external interrupt request 
inputs; (2) counter input; (3) control signals 
to read and write to external memories; and 
(4) UART input and output. 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 
driver and an input buffer. Ports 1,2,3 have 
internal pull-ups. Figure 4(a) shows that the 
strong transistor pI is turned on for only 2 

STRONG PULL-UP 

INPUT DATA 
.~~------------.~--------~~~~ 

READ PORT PIN 

STRONG PULL·UP 

(B) PUSH·PULL 
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tNPUT BUFFER 

(A) STANDARD 

FROM PORT 
LATCH 

U .. 

tNPUT DATA 

READ PORT PIN 

Figure 4. Port Options 

390 

Objective specification 

80CL782183CL782 

oscillator periods after a 0-10-1 transition in 
the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1. 
In Port 0 the pull-up pI is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

2 .2.2 Port Options 
30 of the 32 parallel port pins (excluding P1.6 
and Pl. 7 with fixed option '2S') may be 
individually configured with one of the 
following options (see Figure 5): 

Option 1: Standard Port; quasi-bidirectional 
1/0 with pull-up. The strong booster pull-up 
pI is turned on for two oscillator periods after 
a O-to-l transition in the port latch (see Figure 
4(a)). 

Option 2: Open drain; quasi-bidirectional 1/0 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push·Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b)). 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending "SO or "R" 
to option 1,2, or 3 above. 

INPUT 
BUFFER 

(C) OPEN·DRAIN 

EXT, 
PUU.up 
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External Memory Accesses 
Option 1: True 0 and 1 are written as address 
to the external memory (strong pull-up is 
used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

110 Accesses 
Option 1: When writing a 1 to the port-latch, 
the strong pull-up PI will be on for 2 oscillator 
periods. No weak pull-up exists. Without an 
external pull-up, this option can be used as a 
high-impedance input. 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c». 

Option 3: Push-Pull; output with drive 
capa]:ll'ity in both polarities. Under this option, 
pins can only be used as outputs. 

Option S: SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 

Symbol 

TF2 

EXF2 

RTCLK 

EXEN2 

TR2 

cm 

CP/Ra 

GF2 

EXF2 GF2 I RTClK I EXEN21 

Position 

T2CON 

T2CON 

T2CON.4 

T2CON.3 

T2CON.2 

T2CON.l 

T2CON.O 

2.3 Timer/event counter 
The 83CL782 contains three IS-bit 
Timer/Counter registers; Timer 0, Timer I, 
and Timer 2 which can perform the following 
functions: 

• Measure time intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

• Mode 0: 8-bittimer or counter with 
divide-by-32 prescaler 

• Mode 1: 16-bit time-interval or event 
counter 

• Mode 2: 8-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3: Timer 0 establishes TLO and THO 
as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 

In the "Counter" function. the register is 
incremented in response to a l-to-O 

TR2 crn 

Name and Significance 

transition. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a Ho-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3.1limer 2 
Timer 2 is a 16-bit Timer/Counter. Like Timers 
o and I, it can operate either as a timer or as 
an event counter. This is selected by bit CIT2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto-load" and "baud rate 
generator", which are selected by bits in 
T2CON as shown in Table 1. 

Table 1. Timer 2 Operating 
Modes 

RTCLK CP~ TR2 MODE 

0 0 1 16-Bit 
Auto-reload 

0 1 1 16-Bit 
Capture 

1 x 1 Baud Rate 
Generator 

x x 0 (Off) 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK : 1 or TCLK = 1. 
Timer 2 extemal flag set when either a capture or reload is caused by a 
negative transition of T2EX and EXEN : 1. When Timer 2 Interrupt is enabled, EXF2 + will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK: 0 causes Timer 1 overflows to be used 
for the receive and transit clock. 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2: 0 
causes Timer 2 to ignore events at T2EX. 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. (Timer 2) 
o : Internal timer (OSCI12) 
1 : External event counter (falling edge triggered) 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN 
: 1. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN2: 1. When either RCLK: 1 or TCLK : I, this bit is ignored 
and the timer is forced to auto-reload on Timer 2 overflow. 

General purpose flag bit 

Figure 5. neON: Timer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=O, then Timer 2 is a 16-bittimer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2= I, then 
Timer 2 still does the above, but with the 
added feature that a l-to-O transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 

T2CON. If EXEN2=O, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=I, the Timer 2 still does the above, 
but with the added feature that a l-to-O 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. 

The auto-relaod mode is illustrated in Figure 
7. 

The baud rate generator mode is selected by 
RTCLK=1. It will be described in conjunction 
with the serial port. 

Conversion already in progress is aborted 
when the Power-down mode is entered. The 

________ --'1 ClTh 1 
T2PIN -

EXEN2 

Figure 6. Timer 2 in Capture Mode 

EXEN2 

Figure 7. Timer 2 In Auto-Reload Mode 
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result of a completed conversion (ADCI = 
logic 1) remains unaffected when entering the 
Idle mode. 

2 .4 Idle and Power-clOwn 
Operation 

Idle mode operation pennits the interrupt, 
serial ports, timer blocks continue !unctioning 
while the clock to the CPU is halted. 

The following !unctions remain active during 
Idle mode. These !unctions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer I, Timer 2 

• SIO,I2C 

• External interrupt 
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The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

2.4.1 Power control register (PCON) 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is S7H. [PCON 
is not bit addressable.] 

6543210 

IISB LSB 

.1m ~ E!.!HQI]ON 

PCON.7 SMOD Double Baud rate 
bit. When set to 
logic 1 the baud rate 
is doubled when the 
serial port Sioo is 
being used in 1, 2, 
or3. 

PCON.6 (reserved) 

PCON.5 (reserved) 

PCON.4 (reserved) 

PCON.3 GF1 General-purpose 
flag bit 

PCON.2 GFO General-purpose 
flag bit 

PCON.1 PD Power-down bit. 
Setting this bit 
activates 
Power-down mode. 

PCON.O IDL Idle mode bit. 
Setting this bit 
activates the Idle 
mode. 

If logic 1 s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 

2 .4.2 Power-down mode 
The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 

mode. In Power-clown mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

2 .4,3 Wake-up mode 
Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken-up from the Power-down mode 
with either the external interrupts INT2 liNTS, 
or a reset operation. 

The wake-up operation after power-clown in 
this controller has two basic approaches: 

2 ,4,3,1 Wake-up using INT2IINT9 
If INT2 to INT9 are enabled, the S3CL782 
can be woken-up from power-clown mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

2 ,4,3.2 Wake-up using RESET 
To wake-up the 83CL782 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

2 .4.4 Idle mode 
The instruction that sets PCON.O is the last 
instruction executed in the nonnal operating 
mode before Idle mode is activated. Once in 
the Idle mode. the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 1. 
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There are two methods used to tenninate the 
Idle mode, Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, tenninating Idle mode. The 
interrupt is serviced, and following the 
retum-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 toPCON.O. 

Flag bits GFO and GF1 may be used to 
detennine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is tenninated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Voomay be 
reduced to minimize power consumption, 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the extemal pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1, the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor p1 (see Figure 
4(a)). 

POWER.IJOWN 
~ 

RESET PIN 

EXTERNAL INTERRUPT 

OSCILLATOR 
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2 .5 12C Bus Serial 110 
The serial port supports the twin line 12C-bus. 
The 12C-bus consists of a data line (SOA) and 
a clock line (SCl). These lines also function 
as 110 port lines Pl. 7 and P 1.6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are all controlled by 
hardware. The !2C-bus serial 110 has 

complete autonomy in byte handling and 
operates in four modes: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 

Objectiw specification 
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These functions are controlled by the S 1 CON 
register. SlSTA is the status register whose 
contents may also be used as a vector to 
various service routines. SlOAT is the data 
shift register and Sl AOR the slave address 
register. Slaw address recognition is 
performed by hardware. 

Table 2. Status of the External Pins durlna Idle and Power-down Modes 
UOOE MEMORY ALE PSEA PORTO PORT 1 PORT 2 PORT 3 

Idle (1) Internal 1 1 Port data Port data Port data Port data 

Idle (1) External 1 1 Floating Port data Address Port data 

Power-down Internal 0 0 Port data Port data Port data Port data 

Power-<lown External 0 0 Floating Port data Port data Port data 

S,ADR 

SOA~----------.-----------------~ 

SlDAT 

Figure 9. Serial 110 
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Serial Control Register S1 CON (D8H) 

CRG, CRt, CR2 
AA 

81 

STO 

STA 

ENSt 

These three bits determine the serial clock frequency when SIO is in a master mode. See Table 3. 
Assen Acknowledge bit When the M flag is set, an acknowledge (low level SOA) will be returned during the 
acknowledge dock pulse on the SCL line when: 

• own slave address is received 

• general call address is 
received (SlAOR.O=l) 

• data byte received while 
device is programmed as 
master 

• data byte received while 
device is a selected slave 

With AA=O, no acknowledge will be retumed. Consequendy, no interrupt is requested when the "own slave address" or 
general call address is received. 
SIO interrupt flag. When the S 1 flag is set, an acknowledge is returned after anyone of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during M=l 

• general call address received while SlAOR.O and AA=l 

• data byte received or transmitted in master mode (even if arbitration is lost) 

• data byte received or transmitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 
the bus, the SIO hardware dears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case, no STOP condition is transmitted to the 12C bus. However, the SIO hardware behaves as if a 
STOP condition has been received and releases SOA and SCL. The 510 then switches to the "not addressed" receiver 
mode. The STO flag is automatically cleared by hardware. 
START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the 12C bus and generates a 
START condition if the bus is free. If STA is set while the 510 is in master mode, SIO transmits a repeated START 
condition. 

When ENS1=O, the SIO is disabled. The SOA and SCL outputs are in a high-impedance state; Pl.S and P1.7 function as 
open drain ports. When EN8=l,the SIO is enabled. The Pl.S and P1.7 port latches must be set to logic 1. 

Table 3" SCl Frequency 
Bit Rate (kHz) at lose 

CR2 CRt CR2 lose Divided By 3.S8MHz 6 MHz 12MHz 

0 0 0 256 14.0 23.4 46.9 

0 0 1 224 16.0 26.8 53.6 

0 1 0 192 18.6 31.3 62.5 

0 1 1 160 22.4 37.5 75.0 

1 0 0 960 3.73 6.25 12.5 

1 0 1 120 29.8 50 100 

1 1 0 60 59.7 100 -
1 1 1 not allowed - - -
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Status Register S1 STA (D9H) 

SISTA is an B-bit read-only special function 
register. S ISTA.3-S1STA. 7 hold a status 
code. SISTA.0-S1STA.2 are held LOW. the 
contents of SlSTA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the 12C bus. 

The following is a list of the status code: 

Abbreviations used: 

SLA: 7 -bit slave address 

R: Read bit 

W: Write bit 

ACKNOT: Acknowlegement 
(acknowledge bit = 0) 

ACK: Not Acknowledge 
(acknowledge bit = 1) 

DATA: 8-bit byte to or from the 12C 
bus 

MST: Master 

SLV: Slave 

TRX: Transmitter 

REC: Receiver 

MSTITRX Mode 
SISTA Value 

08H A START condition has been 
transmitted 

10H A repeated START condition 
has been transmitted 

18H SLA and W have been transmitted, 
ACKNOT received 

28H DATA of SlOAT has been 
transmitted, ACK received 

30H DATA of SlOAT has been 
transmitted, ACKNOT received 

38H Arbitration lost in SLA, RIW or DATA 

MST/REC Mode 
SISTAValue 

38H 

40H 

48H 

SOH 

58H 

Arbitration lost while returning 
ACKNOT 

SLA and R have been 
transmitted, ACK received 

SLA and R have been 
transmitted, ACKNOT 
received 

DATA has been received, ACK 
returned 

DATA has been received, 
ACKNOT returned 

March 1993 

SLV/REC Mode 
SISTAValue 

60H Own SLA and W have been 
received, ACK returned 

68H Arbitration lost in SLA, RW as 
MST. Own SLA and W have 
been received, ACK returned. 

70H General Call has been re-
ceived, ACK returned 

78H Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 

80H Previously addressed with 
own SLA. DATA byte received, 
ACKNOT returned. 

88H Previously addressed wtih 
General Call. DATA byte has 
been received, ACK has been 
returned. 

90H Previously addressed with 
General Call. DATA byte has 
been received, ACK has been 
returned. 

98H Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLVlREC or SLVITRX. 

SLVITRX Mode 
SISTA Value 

A8H Own SLA and R have been 
received, ACK returned 

BOH Arbitration lost in SLA, RIW 
as MST. Own SLA and R 
have been received, ACK 
returned. 

B8H DATA byte has been 
transmitted, ACK received. 

COH DATA byte has been trans
mitted, ACKNOT received. 

Miscellaneous 
SISTAValue 

OOH Bus error during MST mode 
or selected SLY mode, due to 
an erroneous START or 
STOP condition. 

Data Shift Register S1DAT (DAH) 

17161514131211101 
This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first· 
i.e., data is shifted from left to right. ' 
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OWn Address Register S1 ADR 
(DBH) 

This 8-bit register may be loaded with the 
7 -bit address to which the controller will 
respond when programmed as a slave 
receiverltransmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 

SIADA.O, GC: 0 = general CALL address 
is not recognized. 

1 = general CALL is 
recognized. 

S 1 ADA. 7 - 1 : own slave address 

2 .6 Standard serial Interface 
SIOO:UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
reoeive-buflered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmittedlreceived (LSB first). The baud is 
fixed at 1/12 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0),8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RBS in 
Special Function RegisterSCON. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD): start bit (0), 
8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TBS. 
On receive, the 9th data bit goes into RBS in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 
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Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), B data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition RI = 0 and REN = 1. 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

2.6.1 Multiprocessor Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 

MSB 

goes into RBB. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RBB = 1. This feature 
is enabled by setting bit SM2 in SCaN. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1, no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 

SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren't 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

2 ,6,2 Serial port control register 
The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBB and RBB), 
and the serial port interrupt bits (TI and RI). 

LSB 

I RI 

SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated if 
the received ninth data bit (RB8) is O. In Mode 1, if SM2=1 then Rl will 
not be activated if a valid stopbit was not received. In Mode O. SM2 
should be O. 

Where SMO, SMI specify the serial port mode, as follows: REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

SMO SMl MOD!; 
0 0 0 
0 1 1 
1 0 2 

3 

OESCRleIlQI'J 
Shift register 
B-bitUART 
9-bit UART 
9-bit variable UART 

ElA!.!O RATE 
fosc/12 
variable 
fosc 164 or fosc 1 32 

TBB is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RBS in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1, if SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RBB is not used. 

TI is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

RI is receive interrupt flag. Set by hardware at the end of the Bth 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 

Figure 10, Serial Port Control (SCON) Register 

Table 4. Timer 1 Generated Commonly Used Baud Rates 
BAUD RATE f ... SMOD CIT TIMER 1 MODE RELOAD VALUE 

Mode 0 Max: 1 MHz 12MHz X X X X 

Mode 2 Max: 375K 12MHz 1 X X X 
Mode 1, 3: 62.5K 12MHz 1 0 2 FFH 

19.2K 11.059MHz 1 0 2 FDH 

9.6K 11.059MHz 0 0 2 FDH 

4.8K 11.059MHz 0 0 2 FAH 

2.4K 11.059MHz 0 0 2 F4H 

1.2K 11.059MHz 0 0 2 E8H 

137.5K 11.986MHz 0 0 2 1DH 

110K 6MHz 0 0 2 72H 

110K 12MHz 0 0 1 FEEBH 

Baud Rates 
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The baud rate in Mode 0 is fixed: Mode a 
Baud Rate ~ Oscillator Frequency 1 12. The 
baud rate in Mode 2 depends on the value 01 
bit SMOD in Special Function Register 
PCON. If SMOD ~ 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD ~ I, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate ~ (2SMOD 164)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using limer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate ~ (2SMOD 132)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either "timer" or "counter" 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD ~ 001OB). In that case 
the baud rate is given by the formula: 

Mode I, 3 Baud Rate ~ {(2SMOD 132) x 
(Oscillator Frequency)} 1 {12 x (256 - (TH1)1 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a IS-bit timer (high nibble of TMOD ~ 0001 B), 
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and using the Timer 1 interrupt to do a 16-bit 
software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

Using limer 2 to generate baud rates 

Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 14. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 

Modes 1,3 Baud Rate ~ (Timer 2 Overflow 
Rate) 1 16 

The Timer can be configured for either "timer" 
or "counter" operation. In the most typical 
applications, it is configured for "timer" 
operation (C1T2 ~ 0). "Timer" operation is a 
little different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer 
is would increment every machine cycle (thus 
at 1/12 the oscillator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 
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Modes 1,3 Baud Rate ~ (Oscillator 
Frequency) 1 {32 x (65536 - (RCAP2H, 
RCAP2L)} 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a IS-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 14. This figure is valid only if RTCLK ~ 
1 in T2CON. Note that a rollover in TH2 does 
not set TF2, and will not generate an 
interrupt. Therefore, the limer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a l-to-O transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is 
running (TR2 ; 1) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn't be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case. 
this case 
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I 

________ ---'t CfT! = 1 
T. PIN -

TRANSITION C DETECTOR 

NOTE: OSC. FREQ.IS DIVIDED BY 2, NOT l' 

TR2 

T.EXPIN -IL.----:._---'~.----o::t----"'I .. ~ - "TIMER2 L_ '-- I 4. ~ INTERRupr 

:C~,"TROL 
EXEN2 

L./ _____ NOTE AVAILABlUTY OF ADDITIONAL EXTERNAL INTERRUPT 

Figure 11. limer 2 in Baud Rate Generator Mode 
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2.7 Interrupt system 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
nonnal program execution, a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. The 83CL782 acknowledges 
interrupt requests from fifteen sources as 
follows: 

• INTO through INT9 

• Timer 0, Timer 1 , and Timer 2 

• 12C bus serial 110 

• UART 

INTERRUPT 
SOURCES 

r--

XO 

I--
S. -
XS 

-
TO 

-
T2 

-
X6 

-
x, 

-
X2 

-
X7 

-
11 

-
X3 

-
X8 

-
so 

,...--

X4 

-
X9 

-

IEt'llJ/1 IPO/l 
REGISTERS 

0---e-rC 
I 

0---e-rC 
I 

o-tc 
I 

O--.-ro-
I 

o..--.-tC 
I 
I 

<>-t< 
o.--.-h 

I 

O---.fc 
I 

O--.fer 
o.-.-tc 

I 
....... ~ 

I 

Jc 
I 

o.-tc 
I 

o---.rc 
----o---e+c 

I 

GLOBAL 
ENABLE 

.---... ~ 
....~ 

~ .... 
r.-~ 

~ ,.. 
~ ... ~ 
~ 

r.-~ 

~ ... ~ 
~ 

-~ 
~ .... 

.... ~ 
~ 

~ 

-~ 
~ 

r.-~ 

-.. 
'----

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by oorresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

2 .7.1 External Interrupts INT2IINT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
''wake-up" the device from Power-down 
mode. Using the IXI register, each pin may 

PRIORITY 

13 
LOW 

, 
w 
r..> z w 
=> 
fil ., 
~ 
:l 
5 .. 
Ii: 
:> 
0: Pl.' 
0: w 
~ 

, 

'-- -
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be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

The port 1 interrupts are level sensitive. A 
pori 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register IX1) on P1x is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 

IRQ1 

1-r----X9 

1-Ht---X7 

1--IHo--X6 

1-fHl...--xs 

I-tllHt--X4 

I-tItII~-X3 

Hflllflt-- X2 

WAKE-UP 

Figure 12. Interrupt System Figure 13. External Interrupt Configuration 
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Interrupt Enable Register lENa, Interrupt Priority Register Interrupt Polarity Register 
IENl IPO,IPl IXl 

IENI(ASH)I EA I mlEStl ESOIETtl EXtl ETOIEXOI IPO (BaH) I . I P121 PSt I PSG I PTt I px,l PTO I pxo I IXt lEaH) I 11.9 111.8 IIL71 IL6 I 115 11L4 111311L2I 

.BIT sntBQl. fUNCTION .8II lr!MBQI. fUNCTION Writing either a "1· or "0· to an IXl register bit 
sets the polarity level of the corresponding 

IENO.7 EA General enabler IPO.7 Unused external interrupt to active HIGH or LOW 
disable control IPO.S PT2 Timer 2 interrupt respectively. 
o = no interrupt is priority level BIT enabled; lrrM1!QL EUNCIION 
1 =anr. individually IPO.5 PSl Unused IX1.? 1L9 External interrupt 9 enab ed interrupt will 
be accepted IPO.4 PSO UART SIO interrupt polarity level 

IENO.6 ET2 Enable T2 interrupt 
priority level IX1.6 IL8 External interrupt 8 

IPO.3 PT1 Timer 1 interrupt polarity level 
IENO.5 ESl Enable 12C interrupt priority level IX1.5 IL7 External interrupt 7 
IENO.4 ESO Enable UART SIO IPO.2 PXl EX1ernal interrupt 1 polarity level 

interrupt priority level IX1.4 IL6 External interrupt 6 
IENO.3 ETl Enable Timer T1 IPO.l PTO Timer 0 interrupt polarity level 

interrupt priority level IX1.3 IL5 External interrupt 5 
IENO.2 EXl Enable external IPO.O PXO External interrupt 0 polarity level 

interrupt 1 priority level IX1.2 IL4 External interrupt 4 
IENO.l ETO Enable Timer TO polarity level 

interrupt 
IXU IL3 External interrupt 3 

IENO.O EXO Enable external polarity level 
interrupt 0 

IX1.0 IL2 External interrupt 2 

lEN' IEB~ EX.I EXBI EX71 EXsl EXsl EX41EX31 EX21 IP, (F8H) I Px.1 Px.1 PX71 PX61 pxsl PX41 PX31 PX21 
polarity level 

.BIT .sYM.BQI. EUNCTION m lr!MBQI. EUNCTION Interrupt Request Flag Register 
IRQl 

IENl.7 EX9 Enable external IPl.7 PX9 EX1ernai interrupt 9 
IRO' lCOH! 1091108110711061105 1104110311021 interrupt 9 priority level 

IEN1.6 EX8 Enable external IPl.6 PX8 External interrupt 8 
interrupt 8 priority level BIT SYMBOL fUNCTION 

IEN1.5 EX7 Enable external IPl.5 PX7 External interrupt 7 IR01.? 109 External interrupt 9 

interrupt 7 priority level request flag 
IR01.S 108 External interrupt 8 

IEN1.4 EXS Enable external IP1.4 PXS External interrupt S request flag 
interruptS priority level 

IR01.5 107 External interrupt 7 
IEN1.3 EX5 Enable external IPl.3 PX5 EX1ernal interrupt 5 request flag 

interrupt 5 priority level IR01.4 lOS External interrupt S 
IENl.2 EX4 Enable external IP1.2 PX4 EX1ernal interrupt 4 request flag 

interrupt 4 priority level IR01.3 105 External interrupt 5 

IEN1.1 EX3 Enable external IP1.l PX3 EX1ernal interrupt 3 request flag 

interrupt 3 priority level IR01.2 104 External interrupt 4 

lEN 1.0 EX2 Enable external IP1.0 PX2 EX1ernal interrupt 2 
request flag 

interrupt 2 priority level IR01.1 103 External interrupt 3 
request flag 

where 0 = interrupt disabled Interrupt priority is as follows: IR01.0 102 External interrupt 2 

1 = interrupt enabled o = low priority 
requestllag 

1 = high priority 
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2.7.2 Interrupt vectors 

(highest) ~ Source 

XO 0003H external/O 
81 002BH 12Cport 
XS 0053H externalS 
TO OOOBH timer 0 
T2 0033H timer 2 
X6 005BH external 6 
XI 0013H external 1 
X2 003BH external 2 
X7 0063H external 7 
Tl 00IBH timer 1 
X3 0043H external 3 
X8 006BH external 8 
SO 0023H UART 
X4 004BH external 4 
X9 0073H external 9 
(lowest) 

Interrupt priority 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

2.7.3 Related registers 
The following registers are used in 
conjunction with the interrupt system: 

83CL782 

VOO 

REGISTER FUNCTION 
SFR 

ADDRESS 

IXI 

IRQl 

IENO 

IENI 

IPO 

IPI 

Interrupt polarity 
register 
Interrupt request 
flag register 
Interrupt enable 
register 
Interrupt enable 
register (INT2-INT9) 

E9H 

COH 

A8H 

E8H 

Interrupt priority B8H 
register 
Interrupt priority 
register (INT2-INT9) 

F8H 

1.8 Oscillator circuitry 
The on-chip oscillator circuitry of the 
83CL782 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed (except at 32 kHz). When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL 1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 

VDO 

TO INTERNAL 
lllllNG 

CIRCUITS 
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XTAL 1 . To drive the device with an external 
clock source, apply the external dock signal 
to XTAL 1, and leave XTAl2 to float, as 
shown in Figure 22(1). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see Figure 22 ) 

32kHz: Figure 22(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MQ bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Figure 22(e): An option for 
low-power, low-frequency 
operations using LC components. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

RC: Figure 22(g). An option for an RC 
oscillator. 

XTAll XTAL2 

'---~---IDI---~--.J 

Figure 14. Oscillator 
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1 1 
(A) (6) (e) 

(D) (E) 

N. c. 

(F) (G) 

Figure 15. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

MAX. RESONATOR 
RESONATOR f(MHz) OPTION C1 EXT. (pF) C2 EXT. (pF) SERIES RESISTANCE 

MIN MAX MIN MAX 15kQ4 

Quartz 0.032 32kHz 5 15 0 0 600Q 

Quartz 1.0 Osc.2 0 30 0 30 100Q 

Quartz 3.58 05c.2 0 15 0 15 75Q 

Quartz 4.0 Osc.2 0 20 0 20 60Q 

Quartz 6.0 05c.3 0 10 0 10 60Q 

Quartz 10.0 Osc.4 0 15 0 15 40Q 

Quartz 12.0 05C.4 0 10 0 10 20Q 

PXE 0.455 Osc.2 40 50 40 50 100Q 

PXE 1.0 Osc.2 15 50 15 50 10Q 

PXE 3.58 Osc.2 0 40 0 40 10Q 

PXE 4.0 05c.2 0 40 0 40 5Q 

PXE 6.0 Osc.2 0 20 0 20 6n 

PXE 10.0 Osc.3 0 15 0 15 6Q 

PXE 12.0 Osc.4 10 40 10 40 10flH = Hl 

LC Osc.2 20 90 20 90 lOOflH =5Q 
1mH=75Q 

NOTES: 
1. 32kHz quartz crystals with a series resistance higher than 15kQ will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 23) 

PARAMETER OPTION SYMBOL CONDITION MIN TYP MAX UNIT 

Transconductance 32kHz gm T = +25°C, Vee = 4.5V - 15 - !JS 
Osc.2 gm T = +25°C, Voo = 4.5V 200 600 1000 !'8 
Osc.3 gm T = +25°C, Voo = 4.5V 400 1500 4000 I1S 

Osc.4 gm T = +25°C, Voo = 4.5V 1000 4000 10000 I1S 

Input capacitance 32kHz C11 - 3.0 - pF 

Osc.2 C11 - 8.0 - pF 

Osc.3 C1i - 8.0 - pF 

Osc.4 C11 - 8.0 - pF 

Output capacitance 32kHz C21 - 23 - pF 

Osc.2 C2i - 8.0 - pF 

Osc.3 C21 - 8.0 - pF 

Osc.4 C21 - 8.0 - pF 

Output resistance 32kHz R2 - 3800 - kn 

Osc.2 R2 - 65 - kn 

Osc.3 R2 - 18 - kn 

Osc.4 R2 - 5.0 - kn 
1. The equvalent CirCUit data of the mlrnal OSCillator compares with that of matched crystals. 

lit 
XTALl XTAL2 

.. ,t Cli 
R2 

C2i 

I 

Figure 16. Equivalent Circuit Diagram 
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1.8.3 RC Osdllator 
The extemally adjustable RC-oscillator has a 
frequency range from 100kHz to 500 kHz. 

1.9 Reset circuitry 
To initialize the 83CL782, a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 

It leaves the intemal registers as follows: 

~ 
ACC 
B 
DPL 
DPH 
lEO 
IEl 
IPO 
IPl 
IXl 
IRQl 
PCH 
PCL 
PCON 
PO-P3 
SOBUF 
SOCON 
SlADR 
SleON 
SlOAT 
SlSTA 
SP 
TCON 
T2CON 
T3 
THO, TH1, TH2 
TLO, TL1, TL2 
TMOD 
PSW 
RCAP2L 
RCAP2H 
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~ 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXOOOOOO 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
OXXOOOOO 
1111 1111 
XXXXXXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1000 
0000 0111 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 

RST 

0 
,-,'7 

&l1li 

~ 

\ 
'-

............ 

Figure 17. Frequency as a 
Function of RC 

The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
forportPO-P3is 11111111. 

The reset input to the 83CL782 is RST pin 
15. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset cirCUitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
intemal reset Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

ff 
sc_rr 
TRIGGER 

Figure 18. Reset Conffguratlon at RST Pin 

405 

Objective specification 

80CL782183CL782 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
Slate 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
intemal reset is repeated every cycle until 
RST goes LOW. 

The intemal RAM is not affected by reset 
When VOD is tumed on the RAM contents are 
indeterminate . 

1.9.1 PoweroOn reset 
The 83CL 782 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Voo exceeds 1.3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Voo 
via a 10 ILF capacitor. At power-on, the 
voltage on the RST pin is equal to Voo minus 
the capacitor voltage, and decreases from 
Voo as the capacitor discharges through the 
intemal resistor RRST to ground. The larger 
the capacitor, the more slowly V RST 
decreases. VRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset The time 
required is the oscillator slarl-up time, plus 2 
machine cycles. 

RESET 
CIRCUITRY 
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2.0 INSTRUCTION SET 
The 83CL782 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 

execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 

Table 5. Instruction Set Description 

MNEMONIC DESCRIPTION 

Arithmetic Operations 

ADD A,Rr Add register to A 

ADD A,direct Add direct byte to A 

ADD A,@Ri Add indirect RAM to A 

ADD A,#data ADD immediate data to A 

ADDC A,Rr Add register to A with carry flag 

ADDC A,direct Add direct byte to A with carry flag 

AD DC A,@R Add indirect RAM to A with carry flag 

ADDC A,#data Add immediate data to A with earl)' flag 

SUSS A,Rr Subtract register from A with borrow 

SUSS A,direct Subtract direct byte from A with borrow 

SUSS A,@Ri Subtract indirect RAM from A with borrow 

SUSS A,#data Subtract immediate data from A with borrow 

INC A IncrementA 

INC Rr Increment register 

INC direct Increment direct byte 

INC @R Increment indirect RAM 

DEC A Decrement A 

DEC Rr Decrement register 

DEC direct Decrement direct byte 

DEC @R Decrement indirect RAM 

INC DPTR Increment data pointer 

MUL AS Multiply A & B 

DIV AB Divide A by B 

DA A Decimal adjust A 

Logic Operations 

ANL A,Rr AND register to A 

ANL A, direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANI direct,A AND A to direct byte 

ANL direct, #data AND immediate data to direct byte 

ORL A,Rr OR register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct,A OR A to direct byte 

ORL direct, #data OR immediate data to direct byte 
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16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 I1s 
and 45 in 211S. Multiply and divide 
instructions execute in 411S. 

BYTES! OPCODE 
CYCLES (HEX.) 

1 1 2' 

2 1 25 

1 1 26,27 

2 1 24 

1 1 3' 

2 t 35 

1 1 36,37 

2 1 34 

1 1 9' 

2 1 95 

1 1 96,97 

2 1 94 

1 1 04 

1 1 0' 

2 1 05 

1 1 06,07 

1 1 14 

1 1 I' 

2 1 15 

1 1 16,17 

1 2 A3 

1 4 A4 

t 4 84 

1 1 04 

1 1 5' 

2 t 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4' 

2 1 45 

1 t 46,47 

2 1 44 

2 1 42 

3 2 43 
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NOTES TO TABLE 5: 
Data addressing modes 

Rr Working register RO-R7. 
direct 128 internal RAM locations and any special function register (SFR). 
@Ri Indirect inlernal RAM location addressed by register RO or RI. 
#data 8-bit constant included in instruction. 
#data 16-bit constant induded in instruction. 

Direct addressed bit in internal RAM or SFR. bit 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 

memory address space. 
addrll 

rei 

tl-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 
Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 
relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
8,9,A,B,C,D,E,F. 
11,31, 5t, 71, 91, Bl, 01, F1. 
01,21,41,61,81,Al,Ct,El. 

March 1993 4tO 
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Low-voltage single-chip 8-bit microcontroller 

2.0 INSTRUCTION SET 
The 83CL782 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 

execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 

Table 5. Instruction Set Description 

MNEMONIC DESCRIPTION 

Arithmetic Operations 

ADD A,Rr Add register to A 

ADD A,direct Add direct byte to A 

ADD A,@Ri Add indirect RAM to A 

ADD A,#data ADD immediate data to A 

ADDC A,Rr Add register to A with carry flag 

ADDC A,direct Add direct byte to A with carry flag 

AD DC A,@R Add indirect RAM to A with carry flag 

AD DC A,#data Add im mediate data to A with carry flag 

SUBB A,Rr Subtract register from A with borrow 

SUBB A,direct Subtract direct byte from A with borrow 

SUBB A,@Ri Subtract indirect RAM from A with borrow 

SUBB A,#data Subtract immediate data from A with borrow 

INC A IncrementA 

INC Rr Increment register 

INC direct Increment direct byte 

INC @R Increment indirect RAM 

DEC A Decrement A 

DEC Rr Decrement register 

DEC direct Decrement direct byte 

DEC @R Decrement indirect RAM 

INC DPTR Increment data pointer 

MUL AB Multiply A& B 

DIV AB Divide A by B 

DA A Decimal adjust A 

Logic Operations 

ANL A,Rr AND register to A 

ANL A, direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANI direct,A AND A to direct byte 

ANL direct,#data AND immediate data to direct byte 

ORL A,Rr OR register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A.#data OR immediate data to A 

ORL direct,A OR A to direct byte 

ORL direct,#data OR immediate data to direct byte 
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80CL782/83CL782 

16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 "'S 
and 45 in 2 "'S. Multiply and divide 
instructions execute in 4 "'S. 

BYTES! OPCODE 
CYCLES (HEX.) 

1 1 2" 

2 1 25 

1 1 26,27 

2 1 24 

1 1 3" 

2 1 35 

1 1 36,37 

2 1 34 

1 1 9" 

2 1 95 

1 1 96,97 

2 1 94 

1 1 04 

1 1 0" 

2 1 05 

1 1 06,07 

1 1 14 

1 1 1" 

2 1 15 

1 1 16,17 

1 2 A3 

1 4 A4 

1 4 84 

1 1 D4 

1 1 5" 

2 1 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4" 

2 1 45 

1 1 46,47 

2 1 44 

2 1 42 

3 2 43 
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Table 5. Instruction Set Description (Continued) 
BYTESI OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

Logic Operations (continued) 

XRL A,Rr Exclusive·OR register to A 1 1 6' 

XRL A,direct Exciusive·OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-OR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR to direct byte 2 1 62 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right throught the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 

Data Transfer 

MOV' A,Rr Move register to A 1 1 E' 

MOV A,direct Move direct byte to A 2 1 E5 

MOV A@R Move indirect RAM to A 1 1 E6, E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 1 F' 

MOV Rr,direct Move direct byte to register 2 2 A' 

MOV Rr,#data Move immediate data to register 2 1 7' 

MOV direct,A Move A to direct byte 2 1 F5 

MOV direct,Rr Move register to direct byte 2 2 8' 

MOV direct, direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76,77 

MOV DPTR,#data16 Load data pointer with a 16-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

MOVX A,@Ri Move external RAM (8·bit address) to A 1 2 E3,E3 

MOVX A,@DPTR Move external RAM (16·bit address) to A 1 2 EO 

MOVX @Ri,A Move A to external RAM (8-bit address) 1 2 F2, F3 

MOVX @DPTR,A MOV A to external RAM (16-bit address) 1 2 FO 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A 1 1 C' 

XCH A,direct Exchange direct byte with A 2 1 C5 
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Table 5. Instruction Set Description (Continued) 
BYTES! OPCODE 

MNEMONIC DESCRIPTION CYCLES (HEX.) 

Data Transfer (continued) 

XCH A,@Ri Exchange indirect RAM with A 1 1 C6,C7 

XCHO A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 06,07 

Boolean Variable Manipulation 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SETB C Set carry flag 1 1 03 

SETB bit Set direct bit 2 1 02 

CPL C Complement carry flag 1 1 83 

CPL bit Complement direct bit 2 1 B2 

ANL C,bit AND direct bit to carry flag 2 2 82 

ANL C,fbit AND complement of direct bit to carry flag 2 2 80 

ORL C,bit OR direct bit to carry flag 2 2 72 

ORL C,fbit OR complement of direct bit to carry flag 2 2 AD 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to direct bit 2 2 92 

Program and Machine Control 

ACALL addrll Absolute subroutine cali 2 2 "laddr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine 1 2 22 

RETI Return from interrupt 1 2 32 

AJMP addr11 Absolute jump 2 2 '''1addr 

LJMP addr16 Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if no carry flag 2 2 50 

J8 bit,rel Jump if direct bit is set 3 2 20 

JNB bit,rel Jump if direct bit is not set 3 2 30 

JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 85 

CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 B4 

CJNE Rr,#data,rel Compare immediate to register and jump if not equal 3 2 B' 

CJNE @Ri,#data,rel Compare immediate to ind. and jump if not equal 3 2 86, B7 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D' 

DJNZ direct, rei Decrement direct and jump if not zero 3 2 D5 

NOP No operation 1 1 00 
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NOTES TO TABLE 5: 
Data addressing modes 

Rr Working register RO-R7. 
direct 12B internal RAM locations and any special function register (SFR). 
@Ri Indirect internal RAM location addressed by register RO or Rl. 
#data B-bit constant included in instruction. 
#data 16-bit constant included in instruction. 
bit Direct addressed bit in internal RAM or SFR. 
addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 

memory address space. 
addrll II-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 
rei Signed (two's complement) B-bit offset byte. Used by SMJP and all conditional jumps. Range is -12B to + 128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
B,9,A,B,C,D,E,F. 
11,31,51,71,91, Bl, 01, Fl. 
01,21,41,61, Bl, AI, Cl, E1. 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

LIMITS 

SYMBOL PARAMETER MIN MAX UNIT 

Voo Supply voltage (Pin 40) -0.5 6.5 V 

V, All input voltages -0.5 Voo+0.5 V 

1,.10 DC current into any input or output - 5 rnA 

Plot Total power dissipation - 300 mW 

Tstg Storage temperature range -65 +150 °C 

Tamb Operating ambient temperature range -25 +55 °C 

Ti Operating junction temperature - 125 °C 
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4.0 DC ELECTRICAL CHARACTERISTICS 
Voo = 1 8V to 6V' Vss = OV' Tamb = -25°C to +55°C all voltages with respect to Vss' unless otherwise specified. 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

VDD Supply voltage 1.8 - 6.0 

RAM retention voltage in power-down mode 1.0 - 6.0 

IDD Power supply current: 
Operati ng (note 1) Voo = 5V; felk = 12 MHz - - tbf 

Voo = 3V; felk = 12 MHz - - tbf 

Voo = 3V; felk = 3.58 MHz - - tbf 

Idle mode (note 2) Voo = 5V; felk = 12 MHz - - tbf 

Voo = 3V; felk = 12 MHz - - tbf 

Voo = 3V; felk = 3.58 MHz - - tbf 

Ipo Power-down mode (note 3) Voo = I.BV; T amb = 25°C - - 10 

VIL Input low voltage (note 6) Vss - 0.3Voo 

VIH Input high voltage (note 6) O· 7Voo - Voo 

IOL Output sink current lOW, except SDA, SCl Voo = 5v; VOL = OAV 1.6 - -

Voo = 2.5V; VOL = OAV 0.7 - -
Output sink current, SDA, SCl Voo = 2.5V VOL = OAV 3.0 - -

-IOH Output source current HIGH, push-pull options only Voo = 5V; VOH =Voo -DAV 1.6 - -

Voo = 3V; VOH =Voo -DAV 0.7 - -

-IlL Input current logic 0 Voo = 5V; VIN = OAV - - 100 

Voo = 3V; VIN = OAV - - 50 

-ITL Input current logic 0, 1-to-0 transition Voo = 5V; VIN = Voo/2 - - 1.0 

Voo = 3V; VIN = Voo/2 - - 500 

±Iu Input leakage current (port 0, FA) Vss < VI < VDD - - 10 

RRST RST pull-down resistor 10 - 200 

NOTES: 
1. The operating supply current is measured with all output pins disconnected; XTAll driven with tf = tf = IOns; VIL = Vss +0.5V; 

VIH = Voo-0.5V; XTAl2 not connected; EA = RST + Port 0 = Voo. 

UNIT 

V 

V 

rnA 

rnA 

mA 

mA 

mA 

mA 

flA 
V 

V 

mA 

mA 

mA 

mA 

mA 

flA 

flA 
mA 

flA 

flA 
kn 

1. The idle mode supply current is measured with all output pins disconnected; XTAll driven with tf = tf = IOns; Vss = +0.5V; VIH = Voo -0.5V; 
XTAl2 not connected; EA = Port 0 = Vss. 

1. The power-down current is measured with all output pins disconnected; XTAll not connected; EA = Port 0 = Voo; RST = Vss. 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the lOW level output voltage of ALE, Port 

1 and Port 3 pins when these pins make a 1-to-0 transition during bus operations. In the most adverse conditions (capacitive loading 
> 100 pF) the noise pulse on the ALE line may exceed O.B V. In this event it may be required to qualify ALE with a Schmitt trigger, or use 
an address latch with a Schmitt trigger strobe input. 

1. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Voo specification when the address bits are stabilizing. 

1. The input threshold voltage of Pl.6/SCl and Pl. 7/SDA meet the 12C-bus specification, so an input voltage below 0.3 Voo will be recognized 
as a logic 0, while an input voltage above 0.7 Voo will be recognized as a logic 1. 
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5.0 AC CHARACTERISTICS 

AC ELECTRICAL CHARACTERISTICS 
VDD ~ 5V±10%; Vss ~ OV; Tamb ~ ·25°C to +55°C; CL ~ 50pF for Port 0, ALE and PSEN; CL ~ 80pF for all other outputs 
unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX 

Program Memory (see Figure 29) 

fCL Clock frequency (VDD ~ 2]V) 32kHz 12MHz - -

tLL ALE pulse duration 127 - 21c,,40 -

tAL Address set up time to ALE 43 - IcK-40 -
tLA Address hold time after ALE 48 - IcK-35 -
tLC Time from ALE to control pulse PSEN 58 - teK-25 -

tLiV Time from ALE to valid instruction input - 233 - 4teK-l00 

Icc Control pulse duration PSEN 215 - 31eK-35 -

1c'V Time from PSEN to valid instruction input - 125 - 3teK-125 

lei Input instruction hold time after PSEN 0 - 0 -

Ie'F Input instruction float delay after PSEN - 63 - IcK-20 

tAC Address valid after PSEN 75 - teK-a 

tAIV Address to valid instruction input - 302 - 5tCK-115 

tAFC Address float time to PSEN 12 - 0 -

AC ELECTRICAL CHARACTERISTICS 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

VDD ~ SV' Vss = OV' T anD ~ -2S0C to +S5°C' CL ~ SOpF for Port o· ALE and PSEN CL ~ 40pF for all other outputs unless otherwise specified 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX 

External Data Memory (see Figures 30 and 31) 

tAA RD pulse duration 400 - 61cK-l00 -
tww WR pulse duration 400 - 61cK-l00 -

tLA Address hold time after ALE 48 - IcK-35 -

tAD RD to valid data input - 150 - StcK-165 

tDFA Data float delay after RD - 97 - 2tCK-70 

tLD Time from ALE to valid data input - 517 - 81cK-1S0 

tAD Address to valid data input - 58S - 9tCK-165 

tLw Time from ALE to RD and WR 200 300 3lcK-SO 3tCK+SO 

tAW Time from address to RD or WR 203 - 4 -

tWHLH Time from RD or WR HIGH to IcK-130 
ALE HIGH 43 123 IcK-40 IeK+40 

tDWX Data valid to WR transition 23 - IcK-60 -

tDW Data set-up time before WR 433 - 7lcK-1S0 -

tWD Data hold time after WR 33 - 1cK-50 -

tAFR Address float delay after RD - 12 - 12 

NOTES: 
1. Interfacing the 83CL781 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 

Port 0 drivers. 
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Figure 22. Read from Program Memory 
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3.0 CHARACTERISTIC CURVES 

o.7VDD o.7VDD 
0.9VDD 

>€ TEST €X POINTS 

O.4VDD 

O.3VDD O.3VDD 

Figure 25. AC Testing Input Waveform 
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Figure 26. Input Current Figure 27. Frequency Operating Range 
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Figure 28. Typical Operating Current vs. 
Frequency and Voo. T amb = 25c C 
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Figure 29. Typical Idle Current vs. 
Frequency and Voo. Tamb = 25cC 

Figure 30. Typical Power-down Current vs. Vee. Tamb = 25°C 
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Philips Semiconductors Microcontroller Products 

CAN serial linked 1/0 device 
with digital and analog port functions 

1. FEATURES 
• Single-chip I/O device with CAN protocol controller 
• Meets CAN protocol specification version 2.0 A and 

B (passive) with restricted bit timing 
• Fully integrated clock oscillator (no crystal required) 
• 16 configurable digital or analog I/O port pins 
• Each of the port pins individually configurable via 

CAN-bus: port direction, port mode and event capture 
facilities for inputs (event driven or polling) 

• Up to 16 digital inputs: 
automatic transmission of a CAN message on a 
change on inputs individually selectable 

• Up to 16 3-state outputs 
• Up to two quasi-analog outputs with la-bit accuracy 

• la-bit analog-to-digital converter with up to six 
multiplexed analog input channels 

• Two general purpose comparators 
• Bit rate from 20 kbiVs up to 125 kbiVs using internal 

oscillator (extension by external clock possible) 

• Automatic bit rate detection and calibration 

• Up to 16 P82C150 nodes for one CAN-bus system 

• Four identifier bits programmable 
• Automatic recovery from bus wiring failures supported 
• SLiO functions controlled by a single intelligent node 

("host") 

• Sleep-mode with wake-up via CAN-bus 
• Differential CAN-bus input comparator and CAN-bus 

output driver 

• 5V ±4 % supply voltage range 

• Operating temperature range from -40 to + 125 DC 

3. ORDERING INFORMATION 

EXTENDED PACKAGE 

TYPE NUMBER PINS PIN POSITION MATERIAL 

P82C150 AHT 28 S028 plastic 

November 1992 420 

Preliminary specification 

82C150 

2. GENERAL DESCRIPTION 
The P82C150 is a single-chip 16-bit I/O device including 
a controller area network (CAN) protocol controller with 
automatic bit rate detection and calibration. It features 16 
configurable I/O port pins with programmable direction, 
digital and analog modes. 

The P82C150 provides a configurable event capture 
facility supporting automatic transmission caused by a 
change on the port input pins. 
The clock oscillator requires no external components, 
thus, the cost of the CAN link is reduced significantly. 

The P82C150 is a very cost-effective way to increase the 
I/O capability of a microcontroller as well as to reduce the 
amount and complexity of wiring. Advanced safety is 
provided by the CAN protocol. 

Applications: 
body electronics and instrumentation in automotive 
applications 
sensor/actuator interface in automotive and general 
industrial applications 

extension of 110 capabilities of microcontrollers. 

TEMPERATURE 

CODE RANGE (0C) 

SOT136A -40 to +125 
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4. BLOCK AND FUNCTIONAL DIAGRAMS 
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Fig.l Block diagram. 
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5 PINNING PIN CONFIGURATION 

SYMBOL PIN DESCRIPTION 

P2 1 P2 PI 

P3 2 
1/0 ports P2 to P3; Identifier programming input 

P3 PO 

P4 3 1/0 port 4; DPM2 output P4 TXl 

VSS1 4 logic ground (0 V; logic circuits and CAN-bus driver) vss, TXO 

P5 5 
P5 TEST 

P6 6 
1/0 ports P5 to P6; analog input P6 RST 

P7 7 1/0 port 7; analog input or AID comparator 1 output 
P7 RXI 

voo, RXO 
VOD1 8 +5 V supply voltage (logic circuits and CAN-bus driver) 

P8 9 1/0 port 8; analog input or comparator 3 output 
PB VSS2 

P9 REF 
P9 10 1/0 port 9; analog input or comparator 2 output Pl0 VOD2 

P10 11 110 port 10; comparator 3 inverting input or DPMl output P11 P16 

P11 12 110 port 11; comparator 3 non-inverting input P12 P15 

P12 13 110 port 12; comparator 2 inverting input P13 P14 

P13 14 I/O port 13; comparator 2 non-inverting input 

P14 15 1/0 port 14; multiplexed analog signal 

P15 16 1/0 port 15; AID comparator input 
Fig.3 Pin configuration. 

P16 17 feedback output of AID converter 

VOO2 18 +5 V supply voltage (CAN input, oscillator, reference) 

REF 19 reference voltage output (1/2 VOD2) 

VSS2 20 analog ground (0 V; CAN input, oscillator, reference) 

RXO 21 

RXI 22 
CAN-bus input 

RST 23 external reset input (active-HIGH) 

TEST 24 test input; connected to ground 

TXO 25 open-drain CAN-bus output: 
dominant = LOW; recessive = floating 

TX1 26 open-drain CAN-bus output: 
dominant = HIGH; recessive or at bus mode 2 floating 

PO 27 

P1 28 
1/0 ports PO to PI; Identifier programming input 
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6. FUNCTIONAL DESCRIPTION 

6.1. 1/0 functions 

The PC82C150 provides 16 port pins (P15 to PO) which 
are individually configurable via CAN·bus. Besides the 
digital 1/0 functions some of these port pins provide 
analog 1/0 functions. 

DIGITAL INPUT FUNCTIONS: 

Input levels HIGH and LOW on the port pins (P15 to PO) 
can be read in two ways by the host node: 

polling: a Remote Frame is sent to the P82C150 to 
be answered by a Data Frame containing the Data 
Input Register contents 

event capture: in case of edge-triggered mode, the 
P82C150 sends the same Data Frame caused by the 
event oi G rising andlor falling edge on the 
corresponding port pins (Table 2). 

DIGITAL OUTPUT FUNCTIONS: 

The Data Output Register is set via a CAN message. Its 
content is only output when the corresponding bits of the 
Output Enable Register are set to "1". 

ANALOG INPUTloUTPUT FUNCTIONS: 

up to six multiplexed analog input signals for NO 
conversion or general purpose 
up to two quasi-analog output channels (DPM) 
two input comparators, for example for window 
comparator applications 
a separate NO input comparator with feedback 
output (1 O-bit ±2 LSB NO conversion) 

NO converted digital results are obtained by reading the 
NO register. Analog functions of each port pin are 

Table 1 1/0 Register map 

MSB 
REGISTER ADDRESS 15 14 13 12 11 

Data input 0 01150114 01130112 0111 

Positive edge 1 PElS PE14 PE13 PE12 PEll 

10 
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individually controlled by the Analog Configuration Register. 
Writing the 1/0 registers is done serially via CAN-bus by 
Data Frames. The first data byte contains the register 
address, and the second and third data bytes represent the 
register contents. If a read-only register is addressed, the 
contents of the second and third data bytes are ignored. 
It is recommended to set unused port pins defined HIGH 
(1 00 k!2 resistor to V DO)' 

6.1.1. Data Input Register (address 0; read only) 

This register contains the states of port pins P15 to PO 
which are transmitted on request, or automatically by 
change of one of the input levels, provided that the 
respective input is configured to event capture mode 
(Table 2). When an edge is detected, the port state is 
loaded after sending the Control Field of the triggered 
message. Thereby a delay for input settling is provided. 
Additionally, the register content is sent automatically 
after a reset or bus mode change, once the bit time has 
been calibrated. 

6.1.2. Positive Edge Register (address 1; write only) 

This register contains configuration information per port 
pin for the event capture facility. The corresponding PE·bit 
(Table 2) has to be set to "1" to enable capturing of the 
rising edge. 

6.1.3. Negative Edge Register (address 2; write only) 

This register contains configuration information per port 
pin for the event capture facility. The corresponding 
NE·bit (Table 2) has to be set to "1" to enable capturing of 
the falling edge. 

The combination of PE and NE functions is possible. 

LSB 
9 8 7 6 5 4 3 2 1 0 

0110 019 018 017 016 015 014 013 012 011 010 

PE10 PE9 PE8 PE7 PEG PES PE4 PE3 PE2 PEl PEa 

Negative edge 2 NElS NE14 NE13NE12 NEll NE10 NE9 NE8 NE7 NE6 NE5 NE4 NE3 NE2 NEl NEO 

Data output 3 0015001400130012 0011 0010 009 008 007 006 DOS 004 003 002 001 000 

Output enable 4 OE150E140E130E12 OE11 OE10 OE9 OE8 OE? OE6 OE5 OE4 OE3 OE2 OEl OEO 

Analog 
configuration 5 AOC OC3 OC2 OCl 0 M3 M2 Ml SW3SW2SW10 0 0 0 0 

DPM1 6 DP9 OP8 DP? DP6 OP5 OP4 OP3 DP2 OPl DPO 0 0 0 0 0 0 

DPM2 ? 009 008 DO? 006 005 004 003 002 0010000 0 0 0 0 0 

NO 8 AD9 ADS AD? AD6 AD5 AD4 A03 A02 AD1 ADO 0 0 0 0 0 0 
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Table 2 Programming of the I/O registers to event capture on edge or to digital output function (X = don't care) 

REGISTER CONTENTS DIGITAL INPUT FUNCTION DIGITAL 
OF PARTICULAR OUTPUT 
PORT PIN POLLING EVENT CAPTURE ON EDGE FUNCTION 

bits RISING 

Positive edge PE X 1 

Negative edge NE X 0 

Output enable OE X X 

6,1.4. Data Output Register (address 3; write only) 

This register contains the output data for the port pins. 
The output drivers are bitwise enabled by OE. 

6.1.5. Output Enable Register (address 4; write only) 

This register controls the output drivers of the port pins. 
The corresponding Output Enable Register bit has to be 
set to "I" to enable an output driver. If set to "0", the 
corresponding output driver is disabled (floating; Fig.4). 

6.1.6. Analog Configuration Register 
(address 5; read/write) 

This register contains the bits ADC, OC3 to OC1, M3 to 
Ml and SW3 to SWI (Fig. 5). 

ADC BIT (AID conversion start bit; write-only bit): 

The PS2C150 starts an AID conversion cycle at 
ADC = 1 ended with the transmission of a message 
containing the result. After that, the ADC bit is reset 
automatically. 

OC3 TO OCI BITS (comparator output data; read-only bits): 

The PS2C150 sends back the logical output value of 
these comparators after having received a Data Frame 
(6.2.3.) addressing the Analog Configuration Register. 
Monitoring is also possible by using the event capture 
facility. 

Px 0---..---1 >-----Dlx 

1----DOx 

L-----OEx 
MEH477 

Fig.4 I/O port pins. 
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M3 TO Ml BITS (mUltiplexer control bits; write-only bits): 

The logical value of the comparators is monitored on port 
pins P8, P9 and P7 (Fig.5) by setting M3 to Ml to "1", 
provided that these pins are configured as outputs 
(OE= 1). 

SW3 TO SWI (analog switch control bits; write-only bits): 

One of the analog switches 81 to S6 can be closed by 
setting the switch bits to the corresponding value (Fig.S): 

SW3 SW2 SWI 

0 0 0 no switch closed (SO) 
0 0 1 SI closed 
0 1 0 S2 closed 
0 1 1 S3 closed 
1 0 0 S4 closed 
1 0 1 S5 closed 

1 0 S6 closed 
1 1 reserved 

Evidently if P14 is driven, it may not be connected to any 
other driven pin via the internal analog switches (avoid 
short-circuit!). 

6.1.7. DPM1 Register (address 6; write only) 

A quasi-analog output signal on port pin Pl0 is generated 
by distributed pulse modulation (DPM; Fig.S) if the 
Output Enable bit is set (OE10 = 1). The DPMl output 
signal is inverted by setting 0010 = 1. The number of 
output pulses during a DPM period is given by the 
DPMl Register value. These pulses have 4 x telK length 
and are distributed over the DPM period (Fig.S). 
An analog voltage is provided after smoothing the output 
signal by an external RC combination. 

6.1.S. DPM2 Register (address 7; write only) 

The function of the DPM2 output (P4) and the DPM2 
Register correspond to the definition of DPM1. 

6.1.9. AID Register (address 8; read only) 

This register contains the result of the AID converted 
level of that I/O pin which was selected by the SW bits. 
The conversion is started by ADC-bit set to "1", or by 
transmitting a Data Frame addressing the AID Register. 
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Fig.S Analog configuralion of 1/0 port pins; R1, R2 and C1 are used to implement the AID converter, 
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6.2. CAN functions 

The P82C150 meets the CAN protocol specification 
version 2.0 A and B (passive) with restricted bit timing 
because of the on·chip RC-oscillator. 
In a system with P82C150 nodes there must be at least 
one conventional crystal-operated CAN controller (host 
node), that is responsible to control P82C 150 nodes. 
P82C150 nodes cannot control each other. 
Each time a P82C150 node receives a Data Frame, it 
initiates the transmission of a Data Frame containing four 
bits status information, the register address (previously 
received) and the current contents of the addressed 
register. This enables the host node to verify that the 
addressed register has correctly been writlen in case of 
writable registers, and to read the contents in case of 
readable registers. 

Table 3 Message types and format 

FRAME TRANSMISSION RECEPTION 

Data Frame yes (DLC = 3; yes (OLe = 3; DIR = 0; 
DIR = 1) calibration message with 

DLC = 2 to 8 allowed} 

Remote Frame no yes (DLC = 3; DIR = 1) 

Error Frame yes yes 

Overload yes (only as a 
Frame response) yes 

6.2.1. CAN Identifier 

Data and Remote Frames to be processed by the 
P82C150 are of Standard Format with 11 Identifier bits 
10.10 to 10.0. Frames with extended Identifier (CAN 
specification version 2.0 B) are ignored. 

10.10 Identifier 10.0 

o 1 P3 1 0 P2 Pl PO o DlR 

1 = recessive; 0 = dominant 

P3to PO 

DIR 

programmable identifier bits read from 
port pins P3 to PO during reset. 

"I" for transmission of Data Frames 
to the host. It must be set to "1" in 
Remote Frames and to "0" in Data Frames 
received from the host. 

RTR Remote Transmission Request bit. 

The input levels on P3 to PO , for example set by resistors 
to V ss or V DD, are latched in the Identifier latch with the 
falling edge of the RST input signal. They represent the 
variable part of the Identifier, while the remaining bits are 
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fixed (mask-programmed). P3 to PO can be used as 1/0 
ports after reset. 

The way of identifier programming is based on two facts: 

each P82C150 operates with only two Identifiers at 
which the higher priority Identifier is used for Data 
Frame reception (there is an extra Identifier for 
calibration purpose) 

there can be maximum sixteen P82C150 circuits in 
one network. 

6.2.2. Transmission of Data Frames 

Data Frames transmitted by the P82C150 contain three 
data bytes (Fig.6). The first data byte contains the status 
information and the register address A3 to AO, the other 
two data bytes contain the content of the addressed 
1/0 Register. 

status register address 

I RSTD EW BMl BMO A3 A2 A1 AO 

RSTD 

EW 

BM1, BMO 

A3 to AO 

It is "I" in the first message after the 
successful detection of the bit rate 
(bit time calibrated). 

"1", if the error warning limit (32) is 
reached 

bus mode status bits 

register address bits 

The EW status bit is set when the Receive Error Counter 
or the Transmit Error Counter have exceeded the Error 
Warning Limit of 32, also temporarily, since the last 
successful transmission of a message. 
After each successful message transmission, the 
P82C150 delays the transmission of a possibly further 
pending message for three bit times. The reason is to give 
other CAN controllers - with a lower identifier priority -
the possibility to transmit a message in case of faulty 
contact at one of the edge·triggered port pins. 

6.2.3. Reception of Data Frames and Remote Frames 

Received Data Frames have the same format as 
transmitted ones, only the DIR-bit (ID.O) in the 
Arbitration Field is different. The status bits RSTD, EW, 
BMI and BMO are ignored during reception. 

The P82C150 confirms each reception of a Data Frame 
by transmitting a Data Frame containing the (new) 
contents of the addressed 110 Register. 
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Exceptions from this rule: 

1. Analog Configuration Register: 
If a P82C150 receives a Data Frame addressing the 
Analog Configuration Register and the ADC bit is set 
to "1", it will respond with two messages. The first 
message returns the contents of the Analog 
Configuration Register. The control instructions are 
executed (e. g. next analog input channel selected), 
and an NO conversion cycle is started after a set-up 
time. After finishing the NO conversion cycle, the 
second message is transmitted containing the result 
(NO Register). 

2. NO Register: 
On receiving a Data Frame addressing the NO 
Register, the P82C150 starts an ND conversion cycle. 
It automatically returns the result of the conversion 

(NO Register) by transmitting a respective 
Data Frame after finishing the AID conversion cycle. 

3. At normal operation, the calibration messages are 
confirmed by returning a dominant bit in the 
acknowledge slot. There is no particular confirmation 
message returned by the P82C150. Only after 
entering the calibrated state (start-up), a Data Frame 
containing the Data Input Register contents is 
transmitted indicating to the host node, that the 
P82C150 is now ready for transmission. 

SOF ARBITRATION FJELD 

1010 oil Identifier 

0 o I ' I P3 I ' I 0 I P2 I p, 1 PO I ' 

CONTROL FIELD 

Preliminary specification 

82C150 

Remote Frame: 
Received Remote Frames must have the Data Length 
Code DLC = 3 (Remote Frames with DLC ot 3 are 
ignored). It is answered by a Data Frame containing the 
contents of the Data Input Register. 

6.2.4. CAN-bus modes 

The P82C150 can pass through four CAN-bus modes 
under certain conditions (Fig.?). In the bus modes 0 to 2 
(Table 4) the P82C150 is operating with different input 
comparator configurations. Bus mode 3 is the power 
reduced Sleep Mode. 

The bus modes support: 

communication on two balanced wires (differential 
system) 

communication on one wire in a two-wire differential 
system 

Sleep Mode with wake-up via either of the two RX 
inputs 

connection of a second transmission medium 
(redundancy) 

There are two possibilities for condition 1 to switch to the 
next mode: 

overflow of the bit counter when 81 92 is reached 
since the last calibration message or since end of 
reset 

~ 100 

I 0 I DIR IRTA 

BYTE 1 

reserved I Data Length Code P82C150 status I register address 

o I 0 I 0 I 0 I ' I ' RSTDI EW I BM,I BMOI A3 I A2 I A' I AO 

BYTE 2 BYTE 3 

I/O Register data(15-8} 1/0 Register data(7-0) 

XIXIXIXIXlxlXIX X I X I X I x I X I X I X I X 

MEH481-1 

SOF = Start of Frame 

RTR =0 Remote Transmission Request 

P3 to PO == equals programmed Identifier bits 

Fig.6 P82C150 Data Frame. 
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Table 4 CAN-bus modes 

BUS MODE BITS RECEPTION LEVEL TRANSMISSION 
BM1, BMO RECESSIVE DOMINANT TX1 TXO 

0 Differential 00 RXO> RXI RXO < RXI enabled enabled 

1 One-wire RXI 01 RXI < REF RXI > REF enabled enabled 

2 One-wire RXO 10 RXO > REF RXO < REF disabled enabled 

3 Sleep 11 RXO> REF RXO < REF disabled disabled 
and RX1 < REF or RXI > REF 

Note to Table 4 
Output TXl is disabled in bus mode 2 to tolerate short-circuit between the CAN-bus wires CAN_H and CAN_L. 

overflow of the Transmit Error Counter 
(>255; bus-off limit reached). 

The P82C150 is in mode 0 after reset. All I/O Registers are 
cleared (outputs floating) when bus mode changes (e.g. by 
bus-off or Sleep Mode); the status bits are set additionally: 

RSTD = 1 
EW = 0 
BMnew = BMoid + 1 

The programmed Identifier bits remain unchanged. 

During Sleep Mode, the internal RC oscillator is stopped, 
and all the output drivers are disabled (110 Register 
contents cleared). A P82C150 in Sleep Mode can only 
be awoken via CAN-bus (dominant level on RXO or RX1) 
or by a reset condition. 

6.2.5. Bit timing 

The Nominal Bit Time of the P82C150 is subdivided into 
10 Time Quanta. The Synchronization Time Segment 
(SYNC_SEG) and the Propagation Time Segment 
(PROP _SEG) are each one Time Quantum long. The 
Phase Buffer Segment 1 (PHASE_SEG1) and the Phase 
Buffer Segment 2 (PHASE_SEG2) are each four Time 
Quanta long. The Resynchronization Jump Width (SJW) 
is four Time Quanta long. The sample point is located at 
the end of the Phase Buffer Segment 1. The Nominal Bit 
Time is internally adjusted to that bit timing which is 
provided by the crystal driven host (calibration message). 

1 BIT TIME 

BT1 BT2 BT3 BT4 BT5 BT6 BTl BT8 BT9 BT10 

SYNC PROP 
SEG SEG PHASE_SEG1 PHASE_SEG2 
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The usable bus length at a given bit rate is reduced in 
comparision to other CAN controllers with programmable 
bit timing because the Propagation Time Segment is fixed 
to 1/10 length of the Nominal Bit Time. 

Fig.7 CAN-bus modes and switch-over conditions. 

Condition 1: 
bit counter overflow (>8191) or Transmit Error 
Counter overflow (>255). 

Condition 2: 
dominant bit detected on RXO or RX1 
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6.2.6. CAN·bus transceiver 

The transceiver of the P82C150 consists of the 
configurable input comparator and of complementary 
open·drain driver outputs. The reference voltage AEF is 
an additional output. 

CAN-BUS INPUT COMPARATOR (RXO, RX1): 

The input comparator monitors the transient voltage on 
AXl and AXO. 
The result of the input comparator is "I" if the voltage 
levels of the CAN-bus lines are regarded as recessive, 
and "0" if they are regarded as dominant. 

The recessive state and the dominant state are not 
equivalent and may not be mixed-up. 
The input comparator is configurable depending on the 
four CAN-bus modes (Table 4), supporting battery-powered 
applications (Sleep Mode) and tolerance against bus 
wiring failures. 

CAN-BUS OUTPUT DRIVERS (TXO, TX1) 

The output driver function is shown in Table 5. The output 
driver TXl is disabled in bus mode 2 to tolerate a 
short-circuit between the CAN-bus lines in a two-wire 
differential CAN physical layer. 

6.2.7. Transmit and receive logic 

The transmit and receive logic stores the destuffed bit 
stream which was received or is about to be transmitted. 
The incoming Identifier is compared with that of the 
P82C150. The content of the message is transferred to 
the port logic in case of matching. 

At transmission, the message about to be sent is put 
together: the Identifier, the status information, the register 
address and the content of the addressed register from 
the port logic. 

Table 5 CAN-bus driver output function 
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6.2.8. Bit Stream Processor 
and Error Management Logic 

The Bit Stream Processor (BSP) is a sequencer to control 
the data stream between the transmiVreceive logic 
(parallel data) and the on-chip CAN transceiver (serial 
data). Receptionltransmission, bit stuffingtdestuffing, 
arbitration and error detection, according to CAN protocol 
specification version 2.0 A and B (passive), are performed. 
Further, automatic re-transmission of corrupted messages 
is handled by means of continuously comparing the 
output bit stream with the input bit stream. 
Moreover, the Bit Stream Processor provides control 
information to calibrate the internal bit time. 

The Error Management Logic is responsible for the 
complete CAN-inherent error management. 

6.2.9. Oscillator and calibration 

The P82C150 contains an on-chip AC-oscillator. The bit 
time is automatically calibrated by messages being 
received via CAN-bus. During start-up (after wake-up or 
reset) any message is used to calibrate the bit time until 
the calibration is sufficient to receive messages correctly. 
From this time on, the bit time is calibrated and fine-tuned 
by calibration messages with a special Identifier 
transmitted by the crystal-operated host. 
Only P82C150 nodes being calibrated by calibration 
messages can transmit messages. The first message is 
transmitted directly after entering the calibrated state. 
Since the P82C150 is not able to transmit as long as the 
bit time is not calibrated, it cannot wake-up other CAN 
nodes via the bus line. Hence to keep the network alive, 
the calibration message must be transmitted regularly by 
a crystal-operated (host) node with a maximum repetition 
period of 8192 bit. It is recommended to transmit two 
calibration messages within a period of 8192 bit. 

CAN OUTPUT RECESSIVE DOMINANT DOMINANT RESET STATE, BUS·OFF AND 
(MODES 0 AND 1) (MODE2) SLEEP MODE (MODE 3) 

TXO floating LOW LOW floating 

TXl floating HIGH floating floating 

Table 6 Example of a suitable calibration message. The two important 1/0 transitions are marked (1). 

SOF ARBITRATION CONTROL DATA BYTE 1 DATA BYTE 2 CRC FIELD 
FIELD FIELD 

0 000101010100 0001010 10101010 000010100 00010 1011 1000 0010 

I = stuff bit (recessive); (1) the total length is 67 bit from start-of -frame to end-of-intermission. 
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6.2.10. Calibration message 

The calibration message has to meet the following 
requirements 

transmitted by a crystal-operated node (host node) 

identifier: 000 1010 1010 (1 : recessive; a : dominant) 

RTR bit: 0 

allowed control field: DLC: 2 to 8 

the first recessive to dominant transition after the 
control field must be followed by another recessive 
to dominant transition in a distance of exactly 32 bit 
(stuff bits included). 

Example of a suitable calibration message (there are 
others using different data bytes; Table 6): 

data length code: 0010 

1 st data byte 10101010 (AAh) 

2nd data byte 0000 0100 (04h) 

6.3. Initialization 

6.3.1. Identifier programming 

Most of the P82C150 identifier bits are fixed. Four bits are 
programmable via port pins P3 to PO. All output drivers are 
disabled at reset, also P3 to PO. Thus the outputs are 
floating unless the input level is defined by external 
components to define identifier bits. They are latched at 
the end of reset, and P3 to PO can be used as port pins. 
It is not allowed, according to the CAN protocol 
specification, that multiple bus nodes transmit the same 
identifier bit combination. Therefore a P82C150 must 
have one of the 16 possible identifier bit combinations, 
one that is not yet occupied. 

6.3.2. Reset function 

RST = HIGH disables all output drivers P16 to PO, TXO 
and TX1. All 110 Registers are automatically cleared and 
set to "0". The bit time is set greater than 50 I-ls. 

After reset: status bits identifier bits 

RSTD 10.8 equals P3 
EW 0 10.5 equals P2 
BMI 0 IDA equals PI 
BMO 0 10.3 equals PO 

If a particular clock period is neccessary, e. g. for a 
dedicated DPM output frequency, this can be achieved by 
feeding an external clock signal into PO. RST and TEST 
must be permanently HIGH for this special mode. A reset 
is then performed as usual (RST : HIGH; TEST: LOW). 
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6.3.3. Bit time calibration 

The P82C150 must receive at least two messages to 
calibrate its bit time after reset or change of bus mode. 
The first message is used to detect the bit time length 
between two consecutive falling edges at the output of the 
CAN input comparator. Therefore the bit stream should 
contain a sequence of "1010". 
If this measurement is not disturbed, the P82C150 is able 
to receive messages correctly and to execute the 
respective commands. The P82C150 is fully calibrated 
and transmits its first bit (acknowledge) after a successful 
reception of a calibration message. Thus the P82C150 is 
enabled to transmit messages. 

Sign-on message: 

This special Data Frame is transmitted once by the 
P82C150 after entering the calibrated state. It indicates 
to the host node that the P82C150 is ready for 
transmission. 
The sign-on message returns the contents of the Data 
Input Register, and can be recognized by the host node 
by checking the RSTD status bit. 

Sign-on message RSTD = 1 ; 
other Data Frames RSTD : O. 
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Fig.S OPM output pulses at 0010(4) = 0; output pulses are inverted at 0010(4) = 1. 
Dislributed pulse modulation (OPM) is a special pulse count modulation. 

7. LIMITING VALUES 
In accordance with the Absolute Maximum Rating System (IEC 134). 

SYMBOL PARAMETER MIN. MAX. UNIT 

Voo supply voltage on VDO pins -0.5 6.5 V 

VI DC input voltage on any pin 
(RXO, RX 1, TXO, TXl excluded) -0.5 Voo+0.5 V 

II RX1 and RXO input current - ±2 rnA 

IREF reference output current ±2 rnA 

10 port output current at port enabled (pins PO to P15) ±5 rnA 

port output current al analog switch enabled 
(OE-bits = 0; pins P5 to P9, P13, P14) ±7.5 rnA 

TXO and TXl output current ±30 rnA 

Po tot total output power dissipation (port outputs together) 200 mW 

Tamb operating ambient temperature range -40 +125 °C 

Tst9 storage temperature range -65 +150 °C 

Ptot total power dissipation - 1 W 
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8. CHARACTERISTICS 
8.1. DC CHARACTERISTICS 

VOO = 5 V ±4 %; v SS = 0 V and T amb = -40 to + 125 °C unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

VOO supply voltage range 4.8 5.2 V 

100 supply current VRST= Voo; 
all outputs unloaded 22 mA 

ISM Sleep Mode supply current all outputs unloaded tbf J.LA 

CAN input comparator RXO and RX1 1.5 V < VI < (V0 0 2-1.5 V) 

VOIF differential input voltage ±25 mV 

VHYST input voltage hysteresis note 1 8 - mV 

II input current - ±400 nA 

CAN output driver TXO and TX1 port pins P16 to PO unloaded 

VOLT output voltage LOW IOLT=1.5mA - 0.1 V 

VOHT output voltage HIGH 10 HT = -1 .5 mA Voo-0.1 - V 

Reference voltage REF 

VREF reference output voltage 10 <±75 flA V 

minimum 112VoDrtbf mV 

maximum 112 Voo2+tbf mV 

Control inputs RST and TEST 

VIL input voltage LOW -0.5 1.5 V 

VIH input voltage HIGH 3.5 V oo+0.5 V 

VHYST input voltage hysteresis note 1 0.5 - V 

Digital port inputs P15 to PO 

VIL input voltage LOW -0.5 1.5 V 

VIH input voltage HIGH 3.5 VOO+0.5 V 

Digital port outputs P16 to PO OE bits set 

VOL output voltage LOW 10 L = 4 mA (sink) - 1 V 

VO H output voltage HIGH 10 H = -4 mA (source) Voo-1 - V 

OC2 comparator P12, P13 and OC3 comparator P10, P11 

VOIF1 differential input voltage 1.5 V < VI < (Voo-1.5) V tbf - mV 
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SYMBOL PARAMETER 

AID comparator input P15 

Visw input switch·over voltage 

minimum 

maximum 

III input leakage current 

Analog switches 

RON ON resistance 

Note to the DC characteristics 

1. Not tested during production. 

8.2. AC CHARACTERISTICS 

CONDITIONS 

1.5 V < VI < (VDD2-1.5) V 

ION = ±4 mA 

between P5 to pg, P13 
and P14; note 1 

Preliminary specification 

82C150 

MIN. MAX. UNIT 

VOol2-tbf V 

· Voof2+tbf V 

· ±1 IlA 

· tbf Q 

V DO = 5 V ± 4 %; V ss = 0 V andT amb = -40 to + 125 DC; Cl = 100 pF unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

felK system clock frequency 4 10 MHz 

tbit bit time on CAN-bus internal oscillator 8 50 Ils 

td total signal delay of CAN 
input comparator and 1.5 V < VI < (VOO-l.5) V; 
CAN output driver VOIF = ±2S mV - 200 ns 

trep repetition time of calibration 
message · 8192 bit 

AID comparator input P15 

teye AID conversion cycle time 0.4 1.1 ms 

tini! initialization time 
of AID conversion 0.4 2.1 ms 

Comparator OC2 (P12, P13 inputs) and comparator OC3 (P10, P11 inputs) 

tresp response time V01F1 =±100mV · tbf Ils 

DPM1 and DPM2 outputs 

tOPM repetition time of DPM cycle Fig.8 0.4 1.1 ms 
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9. APPLICATION INFORMATION 

Maximum bus length 

Table 7 Maximum bus line length lor CAN-bus systems with P82C150 nodes. The bit timing parameters refer to using 
a P8xCE598 or P8xC592 microcontroller with on-chip CAN interface as a host node (Fig.12). 

Assumptions: 
- the total in/out delay of external transceiver circuit is 120 ns (e. g. PCA82C250 CAN transceiver; Fig.13) 
- the propagation delay on the transmission medium is 5.5 ns/m. 

BIT RATE tprop /2 (notel) MAXIMUM BIT TIMING (P8x CE 598/P8xC592) 

(kbitis) (fts) BUS LENGTH fCLK (MHz) BTRO (note 2) BTRI (note 2) 

125 0.8 80 m 15 C5 h 34 h 

100 1 120 m 16 C7 h 34 h 

50 2 300 m 16 CE h 34 h 

20 5 850 m 16 E7 h 34 h 

Notes to Table 7 
1. tprop / 2 is the maximum propagation delay between two CAN-bus nodes ( delays of on- and off-chip transceiver 

circuits included) 
2. BTRO and BTRI (hex values) are particular configuration registers relering to bit timing. 

November 1992 435 



Philips Semiconductors Microcontroller Products 

CAN serial linked I/O device 
with digital and analog port functions 

V~t P82C150 

comparison between two 
analog input signals 

Pll(P13)~ 
V t ~. t ___ +c..:.::-"--'~_' +_ OC3(OC2) .. / _ Pl0(P12) 

message transmission 
when analog input signal 
exceeds threshold voltage 

vt=..t 
Pll(P13) 

.5 V Pl0 (P12) 

P82C150 

008(009) 
0----

_-----+-p-8-('--P-9)-------~---0 .. 18(019) 

Preliminary specification 

82C150 

output enabled and edge-triggered mode (PE andlor NE set) 
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message transmiSSion 
when analog Input signal 
exceeds upper respectively 
lower threshold voltage 
(window comparator) 
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Fig.9 Examples of comparator applications. 
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for AID conversion 
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Fig.10 Examples of digital 1/0 and AID conversion applications. 

November 1992 437 

Preliminary specification 

82C150 

MEH484 



Philips Semiconductors Microcontroller Products 

CAN serial linked I/O device 
with digital and analog port functions 

--------l--
on/off 
control LOAD 

I 
D S : 

BUK101-S0GS : 
: 

I : 
L-_-;-_--' : 

SV Voo 

~ 
Oi 

Pv 
(digltaloul) 

RST 

RXO REF 

V bat ~I" 

',_ - - - - - - - - - - - 1-- _ _ _ _ _ _ , 
, linear - i ; 

control : 
with 
status 
feedback 

LOAD 

: .-----'----->-,: D S:: 
: : : 
: 
: BUK10S-S0S : : 

, P F I 

: -

+5 V 

1~ 
Px Py Pz 

(digital out) (DPM) 
(digital in) 

P82C1S0 

RX1 TXO 

angle 
measurement 

KM110BH/21-90 

Pw 

(analog in) 

TX1 o 
~ ~I--~I--~I----------~I----~I~ 

November 1992 

BUK101-50GS and BUK10S-S0S are Philips TOPFETs 
(temperature and overload protected field-effect-transislors) 

KM11OBH/21-90 (Philips) is a magneto-resistive module suitable for angle measurements 

Fig11 Examples of TOPFET applications with P82C150. 
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+5 V 

P82C150 

REF RXl TXO 

RXD REF TXD 

PCA82C250 

CANL CANH 

CAN H 

TXl 

GNDf--

to other 
CAN nodes 

Fig.13 P82C150 connected to CAN-bus using CAN transceiver PCA82C250 
(ISO / DIS 11898 standard). 
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1 FEATURES 

• Multi-master architecture 

• Interfaces with a large variety of microcontrollers 

• Bus access priority (determined by the message 
identifier) 

• 2032 message identifiers 

• Guaranteed latency time for high priority messages 

• Powerful error handling capability 

• Data length from 0 to 8 bytes 

• Conflgurable bus interface 

• Programmable clock output 

• Multicast and Broadcast message facility 

• Non destructive bit-wise arbitration 

• Non-retum-to-zero (NRZ) coding/decoding with 
bit-stuffing 

• Programmable transfer rate (up to 1 Mbitls) 

• Programmable output driver configuration 

• Suitable for use in a wide range of networks including 
the SAE networks Class A, Band C 

• 16 MHz clock frequency 

• -40 to +85/125 °C operating temperature. 

3 ORDERING AND PACKAGE INFORMATION 

Product specification 

82C200 

2 GENERAL DESCRIPTION 

The PCA82C200; PCF82C200 (hereafter generically 
referred to as PCX82C200) is a highly integrated 
stand-alone controller for the controller area network 
(CAN) used within automotive and general industrial 
environments. The temperature range includes an 
automotive temperature range version (PCA82C200) of 
-40 to +125 °C and a -40 to +85 °C version 
(PCF82C200) for general applications. 

The PCX82C200 contains all necessary features 
required to implement a high performance 
communication protocol. The PCX82C200 with a simple 
bus line connection performs all the functions of the 
physical and data-link layers. The application layer of an 
Electronic Control Unit (ECU) is provided by a 
microcontroller, to which the PCX82C200 provides a 
versatile interface. The use ot the PCX82C200 in an 
automotive or general industrial environment, results in a 
reduced wiring harness and an enhanced diagnostic and 
supervisory capability. 

EXTENDED TYPE PACKAGE 

NUMBER 
TEMPERATURE RANGE 

PINS PIN POSITION MATERIAL CODE 

PCA82C200P 28 DIL plastic SOT117 -40 to +125 °C 

PCAB2C200T 28 S028 plastic SOT136A -40 to +125 °C 

PCF82C200P 28 DIL plastic SOTl17 -40 to +85 °C 

PCF82C200T 28 S028 plastic SOTl36A -40 to +85 °C 
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AD710 ADO 

CLKOUT 

MODE !Wi iNT (1) 

XTAl2 ---cr+---' 

XTAl1 ~r-::-----' 

ALE---1r-::-----' 

cs --I~----' 
RD---1f-'-------' 

WR --f-"---------' 

(1) During 'sleep mode' this pin functions as an input. 

Fig.1 Block diagram. 
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4 PINNING 

AD5 

AD<! 

AD3 

AD2 

AD1 

ADO 

VDD1 

VSS1 VSS2 

RX1 

XTAL2 RXO 

MDDE vDD2 

V DD3 RST 

TXO iNT 

TX1 VSS3 

Fig.2 Pin configuration. 
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Pinning description 

SYMBOL PIN DESCRIPTION 

AD7-ADO 2,1,28-23 Multiplexed address/data bus. 

ALE 3 ALE signal (Intel mode) or AS input signal (Motorola mode). 

CS 4 Chip select input, LOW level allows access to the PCX82C200. 

RD 5 RD signal (Intel mode) or E enable signal (Motorola mode) from the microcontroUer. 

WR 6 WR signal (Intel mode) or RDIWR signal (Motorola mode) from the microcontroller. 

CLKOUT 7 Clock output signal produced by the PCX82C200 for the microcontroller. The clock 
signal is derived from the buill-in oscillator, via the programmable divider (see 
section 6.5). This output is capable of driving one CMOS or NMOS load. 

Vss, 8 Ground potential for the logic circuits. 

XTAL1 9 Input to the oscillator's amplifier. External oscillator signal is input via this pin. 
(note 1) 

XTAL2 10 Output from the oscillator's amplifier. Output must be left open when an external 
(note 1) oscillator signal is used. 

MODE 11 Mode select input: connected to Voo selects Intel mode; connected to Vss selects 
Motorola mode. 

VOO3 12 5 V power supply for the output driver. 

TXO 13 Output from the output-driver 0 to the physical bus-line. 

TXl 14 Output from the output-driver 1 to the physical bus-line. 

VSS3 15 Ground potential for the output driver. 

INT 16 Interrupt output, used to interrupt the microcontroller (see section 6.2.4). INT is 
active if the Interrupt Register contains a logic HIGH bit (present). INT is an open 
drain output and is designed to be a wired-OR with other INT outputs within the 
system. A LOW level on this pin will reactivate the IC from the sleep mode (see 
section 6.2.2). 

RST 17 Reset input, used to reset the CAN interface (LOW level). Automatic power-ON reset 
can be obtained by connecting RST via a capaCitor to Vss and via a resistor to Voo 
(e.g. C = 1 IlF; R = 50 kn). 

VQD2 18 5 V power supply for the input comparator. 

RXO-RXI 19,20 Input from the physical bus-line to the input comparator of the PCX82C200. A 
dominant level will wake-up the PCX82C200. A recessive level is read if RXO is 
higher than RXI and vice versa for the dominant level. 

VSS2 21 Ground potential for the input comparator. 

Voo, 22 5 V power supply for the logic circuits. 

Note 

1. XTAL1 and XTAL2 pins should be connected to Vss via 15 pF capacitors. 
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5 FUNCTIONAL DESCRIPTION 

The PCXB2C200 contains all necessary hardware for a 
high performance serial network communication (see 
Fig.1). The PCXB2C200 controls the communication flow 
through the area network using the CAN-protocol. The 
PCXB2C200 meets the following automotive 
requirements: 

• short message length 

• guaranteed latency time for urgent messages 

• bus access priority. determined by the message 
identifier 

• powerful error handling capability 

• configuration flexibility to allow area network 
expansion. 

The latency time defines the period between the initiation 
(Transmission Request) and the start of the transmission 
on the bus. Latency time is dependent on a variety of 
bus related conditions. In the case of a message being 
transmitted on the bus and one distortion the latency 
time can be up to 149 bit times (worst case). For more 
information see section 7. 

5.1 Interface Management logic (IMl) 

The IMl interprets commands from the microcontroller. 
allocates the message buffers (TBF. RBFO and RBF1) 
and provides interrupts and status information to the 
microcontroller. 

5.2 Transmit Buffer (TBFI 

The TBF is a 10 byte memory into which the 
microcontroller writes messages which are to be 
transmitted over the CAN network. 

5.3 Receive Buffers (RBFO AND RBF1) 

The RBFO and RBF1 are each 10 byte memories which 
are alternatively used to store messages received from 
the CAN network. The CPU can process one message 
while another is being received. 

5.4 Bit Stream Processor (BSP) 

The BSP is a sequencer, controlling the data stream 
between the Transmit Buffer. the Receive Buffer (parallel 
data) and the CAN-bus (serial data). 

5.5 Bit Timing logic (BTL) 

The BTL synchronizes the PCX82C200 to the bitstream 
on the CAN-bus. 
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5.6 Transceiver Control logic (Tel) 

The TCl controls the output driver. 

5.7 Error Management logic (EMl) 
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The EMl performs the error confinement according to 
the CAN-protocol. 

5.8 Controller Interface logic (Cll) 

The Cil is the interface to the external microcontroller. 
The PCX82C200 can directly interface with a variety of 
microcontrollers. 

6 CONTROL SEGMENT AND MESSAGE BUFFER 
DESCRIPTION 

The PCXB2C200 appears to a rnicrocontroller as a 
memory-mapped I/O device due to the on-chip RAM, 
guaranteeing the independent operation of both devices. 

6.1 Address allocation 

The address area of the PCX82C200 consists of the 
Control Segment and the message buffers. The Control 
Segment is programmed during an initialization 
download in order to configure communication 
parameters (e.g. bit timing). Communication over the 
CAN-bus is also controlled via this segment by the CPU. 
During initialization the CLOCK OUT signal may be 
programmed to a value determined by the 
microcontroller (see Fig.1 ). A message which is to be 
transmitted, must be written to the Transmit Buffer. Aller 
a successful reception the microcontroller may read the 
message from the Receive Buffer and then release it for 
further use. 

6.2 Control Segment layout 

The exchange of status, control and command signals 
between the microcontroller and the PCX82C200 is 
performed in the control segment. The layout of this 
segment is shown in Fig.3. Aller an initial down-load, the 
contents of the registers Acceptance Code, Acceptance 
Mask, Bus Timing Registers 0 and 1, and Output 
Control should not be changed. These registers may 
only be accessed when the Reset Request bit in the 
Control Register. is set HIGH (see secUon 6.2.1). 
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ADDRESS 

o CONTROL 

7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 

24 

25 

26 
27 

28 

29 

COMMAND 
STATUS 
INTERRUPT 
ACCEPTANCE CODE 
ACCEPTANCE MASK 
BUS TIMING 0 
BUS TIMING 1 
OUTPUT CONTROL 
TEST 

IDENTIRER. 
RTRBIT. DATA LENGTH CODE 
BYTE 1 
BYTE 2 
BYTE 3 
BYTE 4 
BYTE 5 
BYTE 6 
BYTE 7 
BYTES 

IDENTIRER. 
RTRBIT. DATA LENGTH CODE 
BYTE 1 

BYTE 2 
BYTE 3 
BYTE 4 
BYTE 5 
BYTE 6 
BYTE 7 
BYTES 

31 I CLOCK DIVIDER 

control segment 

descriptor 

transmit buffer 

data field 

IDENTIFIER. 
RTRBIT. DATA LENGTH CODE 
BYTE 1 
BYTE 2 
BYTE 3 
BYTE 4 
BYTE 5 
BYTE 6 
BYTE 7 
BYTES 

Fig.3 PCX82C200 address allocation. 
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Table 1 Register map 

TITLE ADDR 7 6 5 4 3 2 1 0 

Control Segment 

Control 0 Test Sync reserved Overrun Error Transmit Receive Reset 
Register Mode Interrupt Interrupt Interrupt Interrupt Request 

Enable Enable Enable Enable 

Command I reserved reserved reserved Goto Clear Release Abort Trans-
Register Sleep Overrun Receive Trans- mission 

Status Buffer mission Request 

Status 2 Bus Error Transmit Receive Trans- Transmit Data Receive 
Register Status Status Status Status mission Buffer Overrun Buffer Stat 

Complete Access 
Status 

Interrupt 3 reserved reserved reserved Wake-Up Overrun Error Transmit Receive 
Register Interrupt Interrupt Interrupt Interrupt Interrupt 

Acceptance 4 AC.? AC.6 AC.5 ACA AC.3 AC.2 AC.I AC.O 
Code 
Register 

Acceptance 5 AM.? AM.6 AM.5 AM.4 AM.3 AM.2 AM.I AM.O 
Mask 
Register 

Bus Timing 6 SJW.I SJW.O BRP.5 BRPA BRP.3 BRP.2 SRP.I BRP.O 
Register 0 

Bus Timing ? SAM TSEG2.2 TSEG2.1 TSEG2.0 TSEGI.3 TSEG1.2 TSEG1.1 TSEGI.O 
Register I 

Output 8 OCTPI OCTNI OCPOll OCTPO OCTNO OCPOlO OCMODEI OCMOOEO 
Control 
Register 

Test 9 reserved reserved Map Connect Connect Access Normal Float 
Register Internal RX TX Internal RAM Output 
(note I) Register Buffer 0 Buffer Bus Connect Driver 

CPU CPU 

Transmit Buffer 

Identifier 10 ID.IO 10.9 10.8 ID.? ID.6 ID.5 IDA ID.3 

RTR, Data II ID.2 ID.I 10.0 RTR DlC.3 DlC.2 OLe.1 DlC.O 
length 
Code 

bytes 1-8 12-19 Data Data Data Data Data Data Data Data 
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Table 1 Register map (continued) 

TITLE AOOR 7 6 5 4 3 2 1 0 

Receive Buffer 011 

Identifier 20 10.10 10.9 10.8 10.7 10.6 10.5 1D.4 10.3 

RTR, Data 21 10.2 10.1 10.0 RTR DLC.3 DLC.2 DLC.l DLC.O 
Length 
Code 

bytes 1-8 22-29 Data Data Data Data Data Data Data Data 

Clock 31 reserved reserved reserved reserved reserved CD.2 CD.l CD.O 
Divider 

Notes 

1. The Test Register is used for production testing only. 

2. Register 30 is not implemented. 
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6.2.1 CONTROL REGISTER (CR) 

The contents of the Control Register are used to change the behaviour of the PCX82C200. Control bits may be set or 
reset by the attached microcontroller which uses the Control Register as a read/write memory. 

Table 2 Description of the Control Register bits 

CR ADDRESS 0 

BIT SYMBOL NAME VALUE FUNCTION 

CR.7 TM Test Mode HIGH (enabled) PCX82C200 enters Test Mode (normal operation 
(note 1) impossible). 

LOW (disabled) Normal operating mode. 

CR.6 S Sync HIGH (2 edges) Bus-line transitions from recessive-to-dominant and vice 
(note 2) versa are used for resynchronization (see sections 7.2 

and 8). 

LOW (1 edge) Only transitions from recessive·to-dominant are used for 
resynchronization. 

CR.5 - - - Reserved. 

CRA OlE Overrun HIGH (enabled) If the Data Overrun bit is set (see section 6.2.3), the 
Interrupt Enable microoontrolier receives an Overrun Interrupt signal. 

LOW (disabled) Microcontroller receives no Overrun Interrupt signal from 
the PCX82C200. 

CR.3 EIE Error Interrupt HIGH (enabled) If the Error or Bus Status change (see section 6.2.3), the 
Enable microoontrolier receives an Error Interrupt signal. 

LOW (disabled) Microoontrolier receives no Error Interrupt signal. 

CR.2 TIE Transmit HIGH (enabled) When a message has been successfully transmitted or 
Interrupt Enable the transmit buffer is accessible again, (e.g. after an Abort 

Transmission command) the PCX82C200 transmits a 
Transmit Interrupt Signal to the microcontroller. 

LOW (disabled) No transmission of the Transmit Interrupt signal by the 
PCX82C200 to the microcontroller. 

CR.l RIE Receive HIGH (enabled) When a message has been received without errors, the 
Interrupt Enable PCX82C200 transmits a Receive Interrupt signal to the 

microcontroller. 

LOW (disabled) No transmission of the Receive Interrupt signal by the 
PCX82C200 to the microcontroller. 

CR.O RR Reset Request HIGH (present) Detection of a Reset Request results in the PCX82C200 
(note 3) aborting the current transmission or reception of a 

message and entering the reset state. 

LOW (absent) On the HIGH-to-LOW transition of the Reset Request bit, 
the PCX82C200 returns to its normal operating state. 
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Notes 

1. The Test Mode is intended for lactory testing and not for customer use. 

2. The Sync bit should only be modified if the Reset Request bit is set HIGH (present), otherwise it is ignored. It is 
possible to set the Sync bit while the Reset Request bit is changed from HIGH to Law. 

3. During an extemal reset (RST = LOW) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset 
Request HIGH (present). During an external reset the microcontrolier cannot set the Reset Request bit LOW 
(absent). Therefore, after having set the Reset Request bit LOW (absent), the microcontrolier must check this bit 
to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is set LOW 
(absent) the PCX82C200 will wait for: 
- one occurrence of the Bus-Free signal (11 recessive bits, see section 8.9.6), if Ihe preceding reset (Reset 
Request = HIGH) was due to an external reset or a microcontroller initiated reset 
- 128 occurrences of Bus-Free, if the preceding reset (Reset Request = HIGH) was due to a PCX82C200 
initiated Bus-Off, before re-entering the Bus-On mode (see section 8.9). 
When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits 
are affected, see Table 3. When Reset Request is set HIGH (present) the registers at addresses 4 to 8 are 
accessible but the TBF is not. 

Table 3 Effects of setting the Reset Request bit HIGH (present) 

TYPE BIT FUNCTION EFFECT 

Control CR.7 Test Mode LOW (disabled) 

Command CMRA Goto Sleep LOW (wake-up) 

CMR.3 Clear Overrun Status HIGH (clear) 

CMR.2 Release Receive Buffer HIGH (released) 

CMR.1 Abort Transmission LOW (absent) 

CMR.O Transmission Request LOW (absent) 

Status SR.7 Bus Status LOW (Bus-On) (note 1) 

SR.6 Error Status LOW (no error) (note 1) 

SR.5 Transmit Status LOW (idle) 

SR.4 Receive Status LOW (idle) 

SR.3 Transmission Complete Status HIGH (complete) 

SR.2 Transmit Buffer Access HIGH (released) 

SR.1 Data Overrun LOW (absent) 

SR.O Receive Buffer Status LOW (empty) 

Interrupt IR.3 Overrun Interrupt LOW (reset) 

IR.1 Transmit Interrupt LOW (reset) 

IR.O Receive Interrupt LOW (reset) 

Note 

1. Only after an external reset; see note 1 to Table 5 'Description of the Status Register bits'. 
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6.2.2 COMMAND REGISTER (CMR) 

A command bit initiates an action within the transfer layer of the PCX82C200. The Command Register appears to the 
microcontroller as a write only memory. If a read access is performed to this address the byte 11111111 (binary) is 
retumed. 

Table 4 Description of the Command Register bits 

CMR ADDRESS 1 

BIT SYMBOL NAME VALUE FUNCTION 

CMR.7 - - - Reserved. 

CMR.6 - - - Reserved. 

CMR.5 - - - Reserved. 

CMR.4 GTS GoToSleep HIGH (sleep) The PCX82C200 enters sleep mode, if the INT = HIGH 
(note 1) (no interrupt signal from the PCX82C200 to the 

microcontroller pending or external source pending) 
and there is no bus activity. 

lOW (wake up) The PCX82C200 functions normally. 

CMR.3 COS Clear Overrun HIGH (clear) The Data Overrun status bit is set to lOW (see section 
Status 6.2.3). 
(note 2) lOW (no action) No action. 

CMR.2 RRB Release Receive HIGH (released) The receive buffer attached to the microcontroller is 
Buffer released. 
(note 3) lOW (no action) No action. 

CMR.l AT Abort HIGH (present) If not already in progress, a pending Transmission 
Transmission Request is cancelled. 
(note 4) lOW (absent) No action. 

CMR.O TR transmission HIGH (present) A message shall be transmitted. 
Request lOW (absent) No action. 
(note 5) 

Notes 

1. The PCX82C200 will enter sleep mode, if Goto Sleep is set HIGH (sleep), there is no bus activity and INT = HIGH 
(inactive). After sleep mode is set, the ClK OUT signal continues until at least 15 bit times have passed. The 
PCX82C200 will wake up when one of the three previously mentioned conditions is negated: after Goto Sleep is 
set lOW (wake up), there is bus activity or INT is driven lOW (active). On wake up, the oscillator is started and a 
Wake-Up Interrupt (see section 6.2.4) is generated. A PCX82C200 which is sleeping and then awakened by bus 
activity will not be able to receive this message until it detects a Bus-Free signal (see section B.9.6). 

2. This command bit is used to acknowledge the Data Overrun condition signalled by the Data Overrun status bit. It 
may be given or set at the same time as a Release Receive Buffer command bit. 

3. After reading the contents of the Receive Buffer (RBFO or RBF1) the microcontroller must release this buffer by 
setting the Release Receive Buffer bit HIGH (released). This may result in another message becoming 
immediately available. 
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4. The Abort Transmission bit is used when the microcontroller requires the suspension of the previously requested 
transmission, for example to transmit an urgent message. A transmission already in progress is not stopped. In 
order to determine II the original message had been transmitted successfully, or aborted, the Transmission 
Complete status bit should be checked after the Transmit Buffer Access M has been set HIGH (released) or a 
Transmit Interrupt has been generated (see section 6.2.4). 

5. If the Transmission Request bit was set HIGH in a previous command, it cannot be cancelled by setting the 
Transmission Request bit LOW (absent). Cancellation of the requested transmission may be performed by setting 
the Abort Transmission bit HIGH (present). 

6.2.3 STATUS REGISTER (SR) 

The contents 01 the Status Register reflect the status of the PCX82C200 bus controller. The Status Register appears 
to the microcontroller as a read only memory. 

Table 5 Description 01 the Status Register bits 

SR ADDRESS 2 

BIT SYMBOL NAME VALUE FUNCTION 

SR.7 BS Bus Status HIGH (Bus-Off) The PCX82C200 is not involved in bus activities. 
(note 1) LOW (Bus-On) The PCX82C200 is involved in bus activities. 

SR.6 ES Error Status HIGH (error) At least one of the Error Counters (see section 8.10.3) 
has reached the microcontroller Waming Limit. 

LOW (ok) Both Error Counters have not reached the Warning 
Umit. 

SR.5 TS Transmit Status HIGH (transmit) The PCX82C200 is transmitting a message. 
(note 2) LOW (idle) No message is transmitted. 

SR.4 RS Receive Status HIGH (receive) The PCX82C200 is receiving a message. 
(note 2) LOW (idle) No message is received. 

SR.3 TCS Transmission HIGH (complete) Last requested transmission has been successfully 
Complete Status completed. 
(note 3) LOW Previously requested transmission is not yet completed. 

(incomplete) 

SR.2 TBS Transmit Buffer HIGH (released) The microcontroller may write a message into the TBF. 
Access LOW (locked) The microcontroller cannot access the Transmit Buffer. 
(note 3) A message is either waiting for transmission or is in the 

process of being transmitted. 

SR.l DO Data Overrun HIGH (overrun) This bit is set HIGH (Overrun), when both Receive 
(note 4) Buffers are full and the first byte of another message 

should be stored. 

LOW (absent) No data overrun has occurred since the Clear Overrun 
command was given. 

SR.O RBS Receive Buffer HIGH (lull) This bit is set when a new message is available. 
Status LOW (empty) No message has become available since the last 
(note 5) Release Receive Buffer command bit was set. 
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Notes 

1. When the Bus Status bit is set HIGH (Bus-Off), the PCX82C200 will set the Reset Request bit HIGH (present). It 
will stay in this state until the microcontroller sets the Reset Request bit LOW (absent). Once this is completed the 
PCX82C200 will wait the minimum protocol-defined time (128 occurrences of the Bus-Free signal) before setting 
the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok) and resetting the Error Counters. 

2. If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 

3. If the microcontroller tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the 
written bytes will not be accepted and will be lost without this being signalled. The Transmission Complete Status 
bit is set LOW (incomplete) whenever the Transmission Request bit is set HIGH (present). If an Abort 
Transmission command is issued, the Transmit Buffer will be releaSed. If the message, which was requested and 
then aborted, was not transmitted, the Transmission Complete Status bit will remain LOW. 

4. If Data Overrun = HIGH (Overrun) is detected, the currently received message is dropped. A transmitted 
message, granted acceptance, is also stored in a Receive Buffer. This occurs because it is not known if the 
PCX82C200 will lose arbitration and so become a receiver of the message .. If no Receive Buffer is available, Data 
Overrun is signalled. 

5. If the command bit Release Receive Buffer is set HIGH (released) by the microcontroller, the Receive Buffer 
Status bit is set LOW (empty) by IML. When a new message is stored in any of the receive buffers, the Receive 
Buffer Status bit is set HIGH (full) again. 
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6.2.4 INTERRUPT REGISTER (I R) 

The Interrupt Register allows the identification of an interrupt source. When one or more bits of this register are set, 
the INT pin is activated. All bits are reset by the PCXB2C200 after this register is read by the microcontroller. This 
register appears to the microcontroller as a read only memory. 

Table 6 Description of the Interrupt Register bits 

IR ADDRESS 3 

BIT SYMBOL NAME VALUE FUNCTION 
IR.7 - - - Reserved. 

IR.6 - - - Reserved. 

IR.S - - - Reserved. 

IR.4 WUI Wake-Up HIGH (set) The Wake-Up Interrupt bit is set HIGH, when the sleep 
Interrupt mode is left (see section 6.2.2). 

LOW (reset) Wake-Up Interrupt bit is reset by a read access of 
Interrupt Register by the microcontroller. 

1R.3 01 Overrun Interrupt HIGH (set) This bit is set HIGH, if both Receive Buffers contain a 
(note 1) message and the first byte of another message should 

be stored (passed acceptance), and the Overrun 
Interrupt Enable is HIGH (enabled). 

LOW (reset) OVerrun Interrupt bit is reset by a read access of 
Interrupt Register by the microcontroller. 

IR.2 EI Error Interrupt HIGH (set) This bit is set on a change of either the Error Status or 
Bus Status bits (see section 6.2.3) if the Error Interrupt 
Enable is HIGH (enabled). 

LOW (reset) The Error Interrupt bit is reset by a read access of the 
Interrupt Register by the microcontroller. 

IR.l TI Transmit Interrupt HIGH (set) This bit is set on a change of the Transmit Buller 
Access bit from LOW to HIGH (released) and Transmit 
Interrupt Enable is HIGH (enabled). 

LOW (reset) Transmit Interrupt bit will be reset after a read access 
of the Interrupt Register by the microcontroller. 

IR.O RI Receive Interrupt HIGH (set) This bit is set when a new message is available in the 
(note 2) Receive Buffer and the Receive Interrupt Enable bit is 

HIGH (enabled). 

LOW (reset) Receive Interrupt bit is automatically reset by a read 
access of Interrupt Register by the microcontroller. 

Notes 

1. Overrun Interrupt bit (if enabled) and Data Overrun bit (see section 6.2.3) are set at the same time. 

2. Receive Interrupt bit (il enabled) and Receive Buffer Status bit (see section 6.2.3) are set at the same time. 
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6.2.5 ACCEPTANCE CODE REGISTER (ACR) 

The Acceptance Code Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(read/write), if the Reset Request bit is set HIGH (present). When a message is received which passes the 
acceptance test and if there is an empty Receive Buffer, then the respective Descriptor and Data Field (see Fig.4) are 
sequentially stored in this empty buffer. In the case that there is no empty Receive Buffer, the Data Overrun bit is set 
HIGH (overrun), see sections 6.2.3 and 6.2.4. When the complete message has been correctly received the following 
occurs: 

• the Receive Buffer Status bit is set HIGH (full) 

• if the Receive Interrupt Enable bit is set HIGH (enabled), the Receive Interrupt is set HIGH (set). 

The Acceptance Code bits (AC.7-AC.O) and the eight most significant bits of the message's Identifier (lD.l0-1O.3) must 
be equal to those bit positions which are marked relevant by the Acceptance Mask bits (AM.7-AM.O). If the following 
equation is satisfied, acceptance is given: 

[( ID.l0 .. ID.3) = (AG.7 .. AG.O ) J or (AM.7 .. AM.O) = 1111 1111 binary 

During transmission of a message which passes the acceptance test, the message is also written to its own Receive 
Buffer. If no Receiver Buffer is available, Data Overrun is signalled because it is not known at the start of a message 
whether the PCX82C200 will lose arbitration and so become a receiver of the message. 

Table 7 Acceptance Code Register bits 

ACR ADDRESS 4 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

AC.7 AC.6 I AC.5 I AC.4 I AC.3 I AC.2 I AC.l I AC.O 

6.2.6 ACCEPTANCE MASK REGISTER (AMR) 

The Acceptance Mask Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(read/write) if the Reset Request bit is set HIGH (present). The Acceptance Mask Register qualifies which of the 
corresponding bits of the acceptance code are "relevanf or 'don't care" for acceptance filtering. 

Table 8 Acceptance Mask Register bits 

AMR ADDRESS 5 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

AM.7 AM.6 I AM.5 I AM.4 I AM.3 I AM.2 I AM.1 I AM.O 

Table 9 Description of the Acceptance Mask Register bits 

ACCEPTANCE MASK BIT VALUE COMMENTS 

AM.7to AM.O HIGH (don't care) This bit position is 'don't care" for the acceptance of a message. 

LOW (relevant) This bit position is "relevant" for acceptance filtering. 
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6.2.7 Bus TIMING REGISTER 0 (BTRO) 

The contents of Bus Timing Register 0 defines the values of Baud Rate Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be accessed (readlwrite) if the Reset Request bit is set HIGH (present). 

Table lOBus Timing Register 0 bits 

BTRO ADDRESS 6 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

82C200 

SJW.l SJW.O I BRP.5 I BRP.4 I BRP.3 I BRP.2 I BRP.l I BRP.O 

Baud Rate Prescaler (BRP) 

The period of the system clock tSCL is programmable and determines the individual bit timing. The system clock is 
calculated using the following equation: 

tSCL = 2lcLK (32BRP.5 + 16BRP.4 + 8BRP.3 + 4BRP.2 + 2BRP.l + BRP.O + 1) 

IccK = time period of the PCX82C200 oscillator. 

Synchronization Jump Width (SJW) 

To compensate for phase shifts between clock oscillators of different bus controllers, any bus controller must 
resynchronize on any relevant signal edge of the current transmission. The synchronization jump width defines the 
maximum number of clock cycles a bit period may be shortened or lengthened by one resynchronization: 

tSJW = lseL (2SJW.l + SJW.O + 1) 

For further information on bus timing see sections 6.2.8 and 7. 

6.2.8 Bus TIMING REGISTER 1 (BTR1) 

The contents of Bus Timing Register 1 defines the length of the bit period, the location of the sample point and the 
number of samples to be taken at each sample point. This register may be accessed (read/write) if the Reset Request 
bit is set HIGH (present). 

Table 11 Bus Timing Register 1 bits 

BTRI ADDRESS 7 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

SAM TSEG2.2 I TSEG2.1 I TSEG2.0 I TSEG1.3 I TSEG1.2 I TSEG1.l I TSEG1.0 

Sampling (SAM) 

Table 12 Selection of sampling 

BIT VALUE COMMENTS 

SAM HIGH (3 samples) Three samples are taken. 

LOW (1 sample) The bus is sampled once. 

SAM = LOW (logic 0) is recommended for high speed buses (SAE class C), while SAM = HIGH (logic 1) is 
recommended for slow/medium speed buses (class A and B) where filtering of spikes on the bus-line is beneficial (see 
section 7.1.6). 
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Time Segment 1 (TSEG1) and Time Segment 2 (TSEG2) 

TSEGI and TSEG2 determine the number of clock cycles per bit period and the location of the sample point: 

tTSEGj ~ tseL (8TSEG1.3 + 4TSEG1.2 + 2TSEG1.l + TSEG1.0 + 1) 

tTSEG' ~ tseL (4TSEG2.2 + 2TSEG2.1 + TSEG2.0 + 1) 

For further information on bus timing see sections 6.2.7 and 7. 

6.2.9 OUTPUT CONTROL REGISTER (OCR) 

Product specification 

82C200 

The Output Control Register allows, under software control, the set-up of different output driver configurations. This 
register may be accessed (read/write) if the Reset Request bit is set HIGH (present). 

Table 13 Output Control Register bits 

OCR ADDRESS 8 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

OCTPI OCTNI I OCPOLI I OCTPO I OCTNO I OCPOlO I OCMODEI I OCMODEO 

If the PCX82C200 is in the sleep mode (Goto Sleep ~ HIGH) a recessive level is output on the TXO and TXl pins. If 
the PCX82C200 is in the reset state (Reset Request ~ HIGH) the output drivers are floating. 

Normal Output Mode 

In Normal Output Mode the bit sequence (TXD) is sent via TXO and TX1. The voltage levels on the output driver pins 
TXl and TXO depend on both the driver characteristic programmed by OCTPx, OCTNx (float, pull-up, pull-down, 
push-pull) and the output polarity programmed by OCPOlx (see Fig.4). 
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Fig.4 Configurable CAN transmitter. 
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Clock Output Mode 

For the TXO pin this is the same as in Normal Output Mode. However, the data stream to TX1 is replaced by the 
transmit clock (TXCLK). The rising edge of the transmit clock (non inverted) marks the beginning of a bit period. The 
clock pulse width is tsel ' 

Bi-phase Output Mode 

In contrast to Normal Output Mode the bit representation is time variant and toggled. If the bus controllers are 
galvanically decoupled from the bus-line by a transformer, the bit stream is not allowed to contain a DC component. 
This is achieved by the following scheme. During recessive bits all outputs are deactivated (3-state). Dominant bits are 
sent alternatingly on TXO and TX1, i.e. the first dominant bit is sent on TXO, the second is sent on TX1, and the third 
one is sent on TXO again, etc. 

Test Output Mode 

For the TXO pin this is the same as in Normal Output Mode. To measure the delay time of the transmitter and receiver 
this mode connects the output of the input comparator (CaMP OUT) with the input of the output driver TX1. This mode 
is used for production testing only. 

The following two tables, Table 14 and Table 15, show the relationship between the bits of the Output Control Register 
and the two serial output pins TXO and TX1 of the PCX82C200, connected to the serial bus (see Fig.1). 

Table 14 Description of the Output Mode bits 

OCMODE1 OCMODEO DESCRIPTION 

1 0 Normal Output Mode; TXO, TX1: bit sequence (TXD; note 1). 

1 1 Clock Output Mode; TXO: bit sequence, TX1: bus clock (TXCLK). 

0 0 Bi-phase Output Mode. 

0 1 Test Output Mode; TXO: bit sequence, TX1: CaMP OUT. 

Note 

1. TXD is the data bit to be transmitted. 
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Table 15 Output pin set-up 

DRIVE OCTPx OCTNx OCPOLx TXD 
TPx TNx TXx 

(note 1) (note 2) (note 3) 

Float 0 0 0 0 OFF OFF float 

0 0 0 1 OFF OFF float 

0 0 1 0 OFF OFF float 

0 0 1 1 OFF OFF float 

Pull-down 0 1 0 0 OFF ON LOW 

0 1 0 1 OFF OFF float 

0 1 1 0 OFF OFF float 

0 1 1 1 OFF ON LOW 

Pull-up 1 0 0 0 OFF OFF float 

1 0 a 1 ON OFF HIGH 

1 0 1 a ON OFF HIGH 

1 0 1 1 OFF OFF float 

Push/Pull 1 1 0 0 OFF ON LOW 

1 1 0 1 ON OFF HIGH 

1 1 1 0 ON OFF HIGH 

1 1 1 1 OFF ON LOW 

Notes 

1_ TPx is the on-chip output transistor x, connected to V DO; x = 0 or 1. 

2. TNx is the on-chip output transistor x, connected to Vss; x = 0 or 1. 

3. TXx is the serial output level on pin TXO or TX 1. It is required that the output level on the CAN-bus is dominant 
with TXD = 0 and recessive with TXD = 1 (see section 8.1.1). 

6.2.10 TEST REGISTER (TR) 

The Test Register is used for production testing only. 
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6.3 Transmit Buffer layout 

The global layout of the Transmit Buffer is shown in Fig.3. This buffer serves to store a message from the 
microcontroller to be transmitted by the PCX82C200. It is subdivided into Descriptor and Data Field. The Transmit 
Buffer can be written to and read from by the microcontroller (see note 3 to Table 2). 

6.3.1 DESCRIPTOR 

Table 16 Descriptor Byte 1 (DSCR1) 

DSCR1 ADDRESS 10 

7 6 I 5 I 4 I 3 I 2 I 1 I 0 

10.10 10.9 j 10.8 1 10.7 I 10.6 I 10.5 J 10.4 I 10.3 

Table 17 Descriptor Byte 2 (DSCR2) 

DSCR2 ADDRESS 11 

7 6 1 5 1 4 I 3 I 2 I 1 I 0 

10.2 10.1 I 10.0 I RTR I DLC.3 I DLC.2 I DLC.1 I DLC.a 

Identifier (ID) 

The Identifier consists of 11 bits (10.10 to 10.0). 10.10 is the most significant bit, which is transmitted first on the bus 
during the arbitration process. The Identifier acts as the message's name, used in a receiver for acceptance filtering 
and also determines the bus access priority during the arbitration process. The lower the binary value of the Identifier 
the higher the priority. This is due to the larger number of leading dominant bits during arbitration (see section 8.7 "Bus 
organization"). 
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Remote Transmission Request bit (RTR) 

Table 18 Description of the RTR bit 

BIT VALUE COMMENTS 

RTR HIGH (remote) Remote Frame will be transmitted by the PCX82C200. 

LOW (data) Data Frame will be transmitted by the PCX82C2aO. 

Data Length Code (DLC) 

The number of bytes (Data Byte Count) in the Data Field of a message is coded by the Data Length Code. At the start 
of a Remote Frame transmission the Data Length Code is not considered due to the RTR bit being HIGH (remote). 
This forces the number of transmitted/received data bytes to be O. Nevertheless, the Data Length Code must be 
specified correctly to avoid bus errors, if two CAN·controliers start a Remote Frame transmission simultaneously. 

The range of the Data Byte Count is a to 8 bytes and coded as follows: 

Data Byte Count = 8DLC.3 + 4DLC.2 + 2DLC.1 + DLC.a 

For reasons of compatibility no Data Byte Counts other than a to 8 should be used. 

6.3.2 DATA FIELD 

The number of transferred data bytes is determined by the Data Length Code. The first bit transmitted is the most 
significant bit of data byte 1 at address 12. 
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6.4 Receive Buffer layout 

The layout of the Receive Buffer and the individual bytes correspond to the definitions given for the Transmit Buffer 
layout. except that the addresses start at 20 instead of 10 (see Fig.3). 

6.5 Clock Divider Register (CDR) 

The Clock Divider Register controls the ClK OUT frequency for the microcontroller (see Fig.l). It can be written to or 
read by the microcontroller. The default state of the register is divide by 12 for Motorola mode and divide by 2 for Intel 
mode. Values from 0 to 7 may be written into this register and will result in the ClK OUT frequencies shown in Table 
20. 

Table 19 Clock Divider Register bits 

CDR ADDRESS 31 

7 6 5 4 3 2 o 
CD.2 CD.l CD.O 

Nole 

Bits CDR.7 to CDR.3 are reserved. 

Table 20 ClK OUT frequency selection 

CD.2 CD.1 CD.O ClK OUT FREQUENCY 

0 0 0 fcuJ2 

0 0 1 fcuJ4 

1 1 0 fcuJ6 

0 1 1 fcuJa 

1 0 0 fcuJ10 

1 0 1 fcuJ12 

1 1 a fcuJ14 

1 1 1 fCLK 

Note 

1. fCLK is the frequency of the oscillator. 

November 1992 461 



Philips Semiconductors Microcontroller Products 

Stand-alone CAN-controller 

7 BUS TIMING/SYNCHRONIZATION 

The Bus TIming Logic (BTL) monitors the serial bus-line 
via the on-chip input comparator and performs the 
following functions (see section 5): 

• monitors the serial bus-line level 

• adjusts the sample point, within a bit period 
(programmable) 

• samples the bus-line level using majority logic 
(programmable, 1 or 3 samples) 

• synchronization to the bit stream: 

- hard synchronization at the start of a message 

- resynchronization during transfer of a message. 

The configuration of the BTL is performed during the 
initialization of the PCX82C200. The BTL uses the 
following three registers: 

• Control register (Sync) 

• Bus Timing Register 0 

• Bus Timing Register I. 

7.1 Bittiming 

A bit period is built up from a number of system clock 
cycles (tSCl)' see section 6.2.7. One bit period is the 
result of the addition of the programmable segments 
TSEGI and TSEG2 and the general segment SYNCSEG 
(see sections 6.2.7 to 6.2.8). 

7.1.1 SYNCHRONIZATION SEGMENT (SYNCSEG) 

The incoming edge of a bit is expected during this state; 
this state corresponds to one system clock cycle (1 x 

Isccl· 

7.1.2 TIME SEGMENT 1 (TSEG1) 

This segment determines the location of the sampling 
point within a bit period, which is at the end of TSEGI. 
TSEGI is programmable from 1 to 16 system clock 
cycles (see section 6.2.8). 

The correct location of the sample point is essential for 
the correct functioning of a transmission. The following 
points must be taken into consideration: 
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• a Start-Of-Frame (see section 8.2.1) causes all 
PCX82C200's to perform a 'hard synchronization' 
(see section 7.2.1) on the first recessive-to-dominant 
edge. During arbitration, however, several 
PCX82C200's may simultaneously transmit. 
Therefore it may require twiee the sum of bus-line, 
input comparator and the output driver delay times 
until the bus is stable. This is the propagation delay 
time. 

o to avoid sampling at an incorrect position, it is 
necessary to include an additional synchronization 
buffer on both sides of the sample point. The main 
reasons for incorrect sampling are: 

incorrect synchronization due to spikes on the 
bus-line 

slight variations in the oscillator frequency of each 
PCX82C200 in the netwonk, which results in a 
phase error. 

Time Segment 1 consists of the segment for 
compensation of propagation delays and the 
synchronization buffer directiy before the sample point 
(see Fig.S). 

7.1.3 TIME SEGMENT 2 (TSEG2) 

This time segment provides: 

• additional time at the sample point for calculation of 
the subsequent bit levels (e.g. arbitration) 

o synchronization buffer segment directiy after the 
sample point (see section 7.1.2). 

82C200 

TSEG2 is programmable from 1 to 8 system clock cycles 
(see section 6.2.8). 
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nominal bit time 
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~ 
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Fig.S (a) Bit period as defined by the CAN-protocol. (b) Bit period as implemented in the PCX82C200. 
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7.1.4 SYNCHRONIZATION JUMP WIDTH (SJW) 

SJW defines the maximum number of clock cycles (tse,) 
a bit period may be reduced or increased by one 
resynchronization. SJW is programmable from 1 to 4 
system clock cycles (see section 6.2.7). 

7.1.5 PROPAGATION DELAY TIME 

The propagation delay time (t""",) is calculated by 
summing the maximum propagation delay times of the 
physical bus, the input comparator and the output driver. 
The resulting sum is multiplied by 2 and then rounded up 
to the nearest multiple of !se,. 

t""", = 2 x (physical bus delay + input comparator delay + 
output driver delay) 

7 .1.6 BIT TIMING RESTRICTIONS 

Restrictions on the configuration of the bit timing are 
based on intemal processing. The restrictions are: 

• t'SEG2 2: 2Isc, 
• t'SEG2 2: Ism 
• tTSEG1 ~ tTSEG2 

• tTSEG, 2: Ism + t""", 
The three sample mode (SAM = 1) has the effect of 
introducing a delay of one system clock cycle on the 
bus-line. This must be taken into account for the correct 
calculation of TSEG1 and TSEG2: 

• t'SEG' 2: Ism + t""", + 21se, 

• tTSEG2 ~ 3tsCl 

7.2 Synchronization 

Synchronization is perionned by a state machine which 
compares the incoming edge with its actual bit timing 
and adapts the bit timing by hard synchronization or 
resynchronization. 

7.2.1 HARD SYNCHRONIZATION 

This type of synchronization occurs only at the beginning 
of a message. The PCX82C200 synchronizes on the first 
incoming recessive-to-dominant edge of a message 
(being the leading edge of a message's Start-Of-Frame 
bit; see section 7.1). 
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7.2.2 RESYNCHRONIZATIDN 

Resynchronization occurs during the transmission of a 
message's bit stream to compensate for: 

• variations in individual PCX82C200 oscillator 
frequencies 
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• changes introduced by switching from one transmitter 
to another (e.g. during arbitration). 

As a result of resynchronization either tTSEG ' may be 
increased by up to a maximum of Ism or tTSEG2 may be 
decreased by up to a maximum of tSJW: 

• tTSEG'''!se, «TSEG1 + 1) + (SJW + 1» 

• tTSEG2 2: !se, «TSEG2 + 1) - (SJW + 1 » 

Note: TSEG1, TSEG2 and SJW are the programmed 
numerical values. 

The phase error (e) of an edge is given by the position of 
the edge relative to SYNCSEG, measured in system 
clock cycles (lscJ. The value of the phase error is 
defined as: 

• e = 0, if the edge occurs within SYNCSEG 

• e > 0, if the edge occurs within TSEG1 

• e < 0, if the edge occurs within TSEG2. 

The effect of resynchronization is: 

• the same as that of a hard synchronization, if the 
magnitude of the phase error (e) is less or equal to 
the programmed value of tSJW (see section 6.2.7) 

• to increase a bit period by the amount of Ism, if the 
phase error is positive and the magnitude of the 
phase error is larger than Ism 

• to decrease a bit period by the amount of tSJw, if the 
phase error is negative and the magnitude of the 
phase error is larger than tSJW. 

7.2.3 SYNCHRONIZATION RULES 

The synchronization rules are as follows: 
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• only one synchronization within one bit time is used 

• an edge is used for synchronization only if the value 
detected at the previous sample pOint differs from the 
bus value immediately aiter the edge 

• hard synchronization is performed whenever there is 
a recessive-to-dominant edge during Bus-Idle (see 
section 7) 
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• all other edges (recessive-to-dominant and optionally 
dominant-to-recessive edges if the Sync bit is set 
HIGH; see section 6.2.1) which are candidates for 
resynchronization will be used with the following 
exception: 

a transmitting PCXB2C200 will not perform a 
resynchronization as a result of a 
recessive-to-dominant edge with positive phase 
error, if only these edges are used for 
resynchronization. This ensures that the delay 
times of the output driver and input comparator do 
not cause a permanent increase in the bit time. 

8 COMMUNICATION PROTOCOL 

8.1 Frame types 

The PCXB2C200 bus controller supports the four 
different CAN-protocol frame types for communication: 

• Data Frame, to transfer data 

• Remote Frame, request for data 

• Error Frame, globally signal a (lOCally) detected error 
condition 

• Overload Frame, to extend delay time of subsequent 
frames (an Overload Frame is not initiated by the 
PCXB2C200). 

Product specification 

B.l.l SIT REPRESENTATION 

There are two logical bit representations used in the 
CAN-protocol: 

82C200 

• a recessive bit on the bus-line appears only if all 
connected PCXB2C200's send a recessive bit at that 
moment 

• dominant bits always overwrite recessive bits I.e. the 
resulting bit level on the bus-line is dominant. 

8.2 Data Frame 

A Data Frame carries data from a transmitting 
PCXB2C200 to one or more receiving PCX82C200's. A 
Data Frame is composed of seven different bit-fields: 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• Data Field (may have a length of zero) 

• CRC Field 

• Acknowledge Field 

• End-Of-Frame. 

INTER.~~~ ~ .. : ____________ DATA.FRAME-------------..:~ ~~~RE~~~~~~~ 
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8.2.1 START-OF-FRAME BIT 

Signals the start of a Data Frame or Remote Frame. It 
consists of a single dominant bit used for hard 
synchronization of a PCX82C200 in receive mode. 

8.2.2 ARBITRATION FIELD 

Consists of the message Identifier and the RTR bit (see 
section 6.3.1). In the event of simultaneous message 
transmissions by two or more PCX82C200's the bus 
access conflict is solved by bit-wise arbitration, which is 
active during the transmission of the Arbitration Field. 

Identifier 

This II-bit field is used to provide information about the 
message, as well as the bus access priority. It is 
transmitted in the order ID.l 0 to ID.O (LSB). The situation 
that the seven most significant bits (ID.l0 to ID.4) are all 
recessive must not occur. 

An Identifier does not define which particular 
PCX82C200 will receive the frame, because a CAN 
based communication network does not discriminate 
between a point-to-point, multicast or broadcast 
communication. 

Remote Transmission Request bit (RTR) 

A PCX82C200, acting as a receiver for certain 
information may initiate the transmission of the 
respective data by transmitting a Remote Frame to the 
network, addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; recessive bus 
level). If the data source simultaneously transmits a Data 
Frame containing the requested data, it uses the same 
Identifier. No bus access conflict occurs due to the RTR 
bit being set LOW (data; dominant bus level) in the Data 
Frame. 

8.2.3 CONTROL FIELD 

This field consists of six bits. It includes two reserved bits 
(for future expansions of the CAN-protOCOl), transmitted 
with a dominant bus level, and is followed by the Data 
Length Code (4 bits). The number of bytes in the 
(destuffed; number of data bytes to be 
transmitted/received) Data Field is indicated by the Data 
Length Code. Admissible values of the Data Length 
Code and hence the number of bytes in the (destuffed) 
Data Field, are 0 to 8. A logic 0 (logic 1) in the Data 
Length Code is transmitted as a dominant (recessive) 
bus level, respectively. 
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8.2.4 DATA FIELD 

The data, stored within the Data Field of the Transmit 
Buffer, are transmitted according to the Data Length 
Code. Conversely, data of a received Data Frame will be 
stored in the Data Field of a Receive Buffer. Data is 
stored byte-wise both for transmission by the 
microcontroller and on reception by the PCX82C200. 
The most significant bit of the first data byte (lowest 
address) is transmitted/received first. 

8.2.5 CYCLIC REDUNDANCY CODE FIELD (CRC) 

The CRC Field consists of the CRC Sequence (15 bits) 
and the CRC Delimiter (1 recessive bit). The Cyclic 
Redundancy Code (CRC) encloses the destuffed bit 
stream of the Start-Of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The most 
significant bit 01 the CRC Sequence is 
transmitted/received lirst. This frame check sequence, 
implemented in the PCX82C200, is derived from a cyclic 
redundancy code best suited for frames with a total bit 
count 01 less than 127 bits, see section 8.8.3 With 
Start-Of-Frame (dominant bit) included in the code word, 
any rotation 01 the code word can be detected by the 
absence of the CRC Delimiter (recessive bit). 

8.2.6 ACKNOWLEDGE FIELD (ACK) 

The Acknowledge Field consists 01 two bits, the 
Acknowledge Slot and the Acknowledge Delimiter, which 
are transmitted with a recessive level by the transmitter 
of the Data Frame. All PCX82C200's having received the 
matching CRC Sequence, report this by overwriting the 
transmitter's recessive bit in the Acknowledge Slot with a 
dominant bit (see section 8.9.2). Thereby a transmitter, 
still monitoring the bus level recognizes that at least one 
receiver within the network has received a complete and 
correct message (i.e. no error was lound). The 
Acknowledge Delimiter (recessive bit) is the second bit 01 
the Acknowledge Field. As a result, the Acknowledge 
Slot is surrounded by two recessive bits: the CRC 
Delimiter and the Acknowledge Delimiter. 

All nodes within a CAN network may use all the 
inlormation coming to the network by the PCX82C200's 
(shared memory concept). Therelore, acknowledgement 
and error handling are deli ned to provide all inlormation 
in a consistent way throughout this shared memory. 
Hence, there is no reason to discriminate different 
receivers 01 a message in the acknowledge lield. II a 
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node is disconnected from the network due to bus 
failure, this particular node is no longer part of the shared 
memory. To identity a 'lost node' additional and 
application specific precautions are required. 

8.2.7 END-OF-FRAME 

Each Data Frame or Remote Frame is delimited by the 
End-Of-Frame bit sequence which consists of seven 
recessive bits (exceeds the bit stuff width by two bits). 
USing this method a receiver detects the end of a frame 
independent of a previous transmission error because 
the receiver expects all bits up to the end of the CRC 
sequence to be coded by the method of bit-stuffing (see 
section B.7.3). The bit-stuffing logic is deactivated during 
the End-Of-Frame sequence. 

8.3 Remote Frame 

A PCX82C200, acting as a receiver for certain 
information may initiate the transmission of the 
respective data by transmitting a Remote Frame to the 
network, addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; recessive bus 
level). The Remote Frame is similar to the Data Frame 
with the following exceptions: 

• RTR bit is set HIGH 

• Data Length Code is ignored 

• no Data Field contained. 

Note that the Data Length Code value should be the 
same as lor the corresponding Data Frame (although 
this is ignored for a Remote Frame). 

A Remote Frame is composed of six different bit fields: 

• Start-aI-Frame 

• Arbitration Field 

• Control Field 

• CRC-Field 

• Acknowledge Field 

• End-aI-Frame. 

See section B.2 for a more detailed explanation of the 
Remote Frame bit fields. 

8A Error Frame 

The Error Frame consists of two different fields. The first 
lield is accomplished by the superimposing of Error 
Flags contributed from different PCXB2C200s. The 
second field is the Error Delimiter (see Fig.7). 
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There are two forms 01 an Error Flag: 

• Active Error Flag, consists 01 six consecutive 
dominant bits 
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• Passive Error Flag, consists 01 six consecutive 
recessive bits unless it is overwritten by dominant bits 
lrom other PCX82C200's. 

An error-active PCXB2C200 (see section 8.9) detecting 
an error condition signals this by transmission of an 
Active Error Flag. This Error Flag's lorm violates the 
bit-stuffing law (see section B.7.3) applied to all lields, 
from Start-Of-Frame to CRC Delimiter, or destroys the 
fixed lorm 01 the fields Acknowledge Field or 
End-ai-Frame (see Fig.6). Consequently, all other 
PCX82C20Q's detect an error condition and start 
transmission 01 an Error Flag. Therefore the sequence 01 
dominant bits, which can be monitored on the bus, 
results from a superposition of different Error Flags 
transmitted by individual PCX82C200's. The total length 
of this sequence varies between six (minimum) and 
twelve (maximum) bits. 

An error-passive PCXB2C200 (see section B.9) detecting 
an error condition tries to signal this by transmission of a 
Passive Error Flag. The error-passive PCXB2C200 waits 
for six consecutive bits with identical polarity, beginning 
at the start of the Passive Error Flag. The Passive Error 
Flag is complete when these six identical bits have been 
detected. 

8.4.2 ERROR DELIMITER 

The Error Delimiter consists 01 eight recessive bits and 
has the same lormat as the Overload Delimiter. After 
transmission 01 an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point in time, 
every PCX82C200 has finished sending its Error Flag 
and all PCXB2C200's start transmission of seven 
recessive bits (plus the recessive bit at 
dominant-to-recessive tranSition, results in a total of eight 
recessive bits). After this event and an Intermission Field 
all error-active PCX82C200's within the network can start 
a transmission simultaneously. 

II a detected error is signalled during transmission of a 
Data Frame or Remote Frame, the current message is 
spoiled and a retransmission of the message is initiated. 
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DATA FRAME --~'11~----- ERROR FRAME 

II 11111 III 
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Fig.7 Error Frame. 

If a PCX82C200 monitors any deviation of the Error 
Frame, a new Error Frame will be transmitted. Several 
consecutive Error Frame's may result in the PCX82C200 
becoming error-passive and leaving the network 
unblocked. 

In order to terminate an Error Flag correctly, an 
error·passive CAN·bus controller requires the bus to be 
Bus-Idle (see section 8.6.2) for at least three bit periods 
(if there is a local error at an error·passive receiver). 
Therefore a CAN-bus should not be 100% permanently 
loaded. 

8.5 Overload Frame 

The Ovenoad Frame consists of two fields, the Overload 
Flag and the Overload Delimiter. There are two 
conditions in the CAN-protocol which lead to the 
transmission of an Overload Flag: 

• condition 1; receiver circuitry requires more time to 
process the current data before receiving the next 
frame (receiver not ready) 

• condition 2; detection of a dominant bit during 
Intermission Field (see section 8.6.1). 

The transmission of an Overload Frame may only start: 

• condition 1; during the first bit period of an expected 
Intermission Field 
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• condition 2; one bit period after detecting the 
dominant bit during Intermission Field. 

The PCX82C200 will never initiate transmission of a 
condition 1 Overload Frame and will only react on a 
transmitted condition 2 Overload Frame, according to the 
CAN-protocol. No more than two Overload Frames are 
generated to delay a Data Frame or a Remote Frame. 
Although the overall form of the Overload Frame 
corresponds to that of the Error Frame, an Overload 
Frame does not initiate or require the retransmission of 
the preceding frame. 

8.5.1 OVERLOAD FLAG 

The Overload Flag consists of six dominant bits and has 
a similar format to the Error Flag. 

The Overload Flag's form corrupts the fixed form of the 
Intermission Field. All other PCX82C200's detecting the 
overload condition also transmit an Overload Flag 
(condition 2). 

8.5.2 OVERLOAD DELIMITER 

The Overload Delimiter consists of eight recessive bits 
and takes the same form as the Error Delimiter. After 
transmission of an Overload Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
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dominant-to-recessive bit level. At this point in time, 
every PCX82C200 has finished sending its Overload 
Flag and all PCX82C200's start simultaneously 
transmitting seven more recessive bits. 

8.6 Inter-Frame Space 

Data Frames and Remote Frames are separated from 
preceding frames (all types) by an Inter-Frame Space, 
consisting of an Intermission Field and a Bus-Idle. 
Error-passive PCX82C200's also send a Suspend 
Transmission (see section 8.9.5) after transmission of a 
message. Overload Frames and Error Frames are not 
preceded by an Inter-Frame Space. 

8.6.1 INTERMISSION FIELD 

The Intermission Field consists of three recessive bits. 
During an Intermission period, no frame transmissions 
will be started by any PCX82C200. An Intermission is 
required to have a fixed time period to allow a 
CAN-controller to execute internal processes prior to the 
next receive or transmit task. 

8.6.2 Bus-IDLE 

The Bus-Idle time may be of arbitrary length (minimum 0 
bit). The bus is recognized to be free and a 
CAN-controller having information to transmit may 
access the bus. The detection of a dominant bit level 
during Bus-Idle on the bus is interpreted as the 
Start-Of-Frame. 

8.7 Bus organization 

Bus organization is based on five basic rules described 
in the following paragraphs. 

8.7.1 Bus ACCESS 

PCX82C200's only start transmission during the Bus-Idle 
state. All PCX82C200's synchronize on the leading edge 
of the Start-Of-Frame (hard synchronization). 

8.7.2 ARBITRATION 

If two or more PCX82C200's simultaneously start 
transmitting, the bus access conflict is solved by a 
bit-wise arbitration process during transmission of the 
Arbitration Field. 

During arbitration every transmitting PCX82C200 
compares its transmitted bit level with the monitored bus 
level. Any PCX82C200 which transmits a recessive bit 
and monitors a dominant bus level immediately becomes 
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the receiver of the higher priority message on the bus 
without corrupting any information on the bus. Each 
message contains an unique Identifier and a RTR bit 
describing the type of data within the message. 

The Identifier together with the RTR bit implicitly define 
the message's bus access priority. During arbitration the 
most significant bit of the Identifier is transmitted first and 
the RTR bit last. The message with the lowest binary 
value of the Identifier and RTR bit has the highest 
priority. A Data Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant level. 

For every Data Frame there is an unique transmitter. For 
reasons of compatibility with other CAN-bus controllers, 
use of the Identifier binary bit pattern ID; 1111111XXXX 
(X being bits 01 arbitrary level) is forbidden. The number 
of available different Identifiers is 2032 (2" - 2"). 

8.7.3 CODING/DECODING 

The following bit fields are coded using the bit-stuffing 
technique: 

• Start-Ol-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence. 

When a transmitting PCX82C200 detects five 
consecutive bits of identical polarity to be transmitted, a 
complementary (stuff) bit is inserted into the transmitted 
bit-stream. 

When a receiving PCX82C200 has monitored live 
consecutive bits with identical polarity in the received bit 
streams of the above described bit fields, it automatically 
deletes the next received (stuff) bil. The level of the 
deleted stuff bit has to be the complement of the 
previous bits; otherwise a Stuff Error will be detected and 
signalled (see section 8.8.2). 

The remaining bit fields or frames are 01 fixed form and 
are not coded or decoded by the method of bit-stuffing. 

The bit-stream in a message is coded according to the 
Non-Return-to-Zero (NRZ) method, i.e. during a bit 
period, the bit level is held constant, either recessive or 
dominant. 
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8.7.4 ERROR SIGNALUNG 

A PCX82C200 which detects an error condition, 
transmits an Error Flag. Whenever a Bit Error, Stuff 
Error, Form Error or an Acknowledgement Error is 
detected, transmission of an Error Flag is started at the 
next bit. Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit following 
the Acknowledge Delimiter, unless an Error Flag lor 
another error condition has already started. An Error Flag 
violates the bit-stuffing law or corrupts the fixed form bit 
fields. A violation of the bit-stuffing law affects any 
PCX82C200 which detects the error condition. These 
devices will also transmit an Error Flag. 

An error-passive PCX82C200 (see section 8.9) which 
detects an error condition, transmits a Passive Error 
Flag. A Passive Error Flag is not able to interrupt a 
current message at different PCX82C20Q's, but this type 
of Error Flag may be cancelled by other PCX82C200's. 
After having detected an error condition, an error-passive 
PCX82C200 will wait for six consecutive bits with 
identical polarity and when monitoring them, interpret 
them as an Error Flag. 

After transmission of an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point in time, 
every PCX82C200 has finished transmitting its Error 
Flag and all PCX82C200's start transmitting seven 
additional recessive bits (Error Delimiter, see section 
8.4.2). 

The message format 01 a Data Frame or Remote Frame 
is defined in such a way, that all detectable errors can be 
signalled within the message transmission time and 
therefore, it is very simple for a PCX82C200 to associate 
an Error Frame to the corresponding message and to 
initiate retransmission of the corrupted message. 

If a PCX82C200 monitors any deviation of the fixed form 
of an Error Frame, it transmits a new Error Frame. 

8.7.5 OVERLOAD SIGNALUNG 

Some CAN-controllers (but not the PCX82C200) require 
to delay the transmission of the next Data Frame or 
Remote Frame by transmitting one or more Overload 
Frames. The transmission of an Overload Frame must 
start during the first bit of an expected Intermission. 
Transmission 01 Overload Frames which are reactions on 
a dominant bit during an expected Intermission Field, 
start one bit after this event. 
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Though the format of Overload Frame and Error Frame 
are identical, they are treated differently. Transmission of 
an Overload Frame during Intermission Field does not 
initiate the retransmission of any previous Data Frame or 
Remote Frame. 

If a CAN-controller which transmitted an Overload Frame 
monitors any deviation of its fixed form, it transmits an 
Error Frame. 

B.B Error detection 

The processes described in the following paragraphs are 
implemented in the PCX82C200 for error detection. 

8.8.1 BIT ERROR 

A transmitting PCX82C200 monitors the bus on a 
bit-by-bit basis. If the bit level monitored is different from 
the transmitted one, a Bit Error is signalled. The 
exceptions being: 

• during the Arbitration Field, a recessive bit can be 
overwritten by a dominant bit. In this case, the 
PCX82C200 interprets this as a loss of arbitration 

• during the Acknowledge Slot, only the receiving 
PCX82C200's are able to recognize a Bit Error. 

8.8.2 STUFF ERROR 

The following bit fields are coded using the bit-stuffing 
technique: 

• Start-Ol-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence. 

There are two possible ways of generating a Stuff Error: 

• the disturbance generates more than the allowed five 
consecutive bits with identical polarity. These errors 
are detected by all PCX82C200's 

• a disturbance falsifies one or more of the five bits 
preceding the stuff bit. This error situation is not 
recognized as a Stuff Error by the receivers. 
Therefore, other error detection processes may detect 
this error condition such as: CRC check, format 
violation at the receiving PCX82C200's or Bit Error 
detection by the transmitting PCX82C200. 
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8.B.3 CRC ERROR 

To ensure the validity of a transmitted message all 
receivers perform a CRC check. Therefore, in addition to 
the (destuffed) information digits (Start-Of-Frame up to 
Data Field), every message includes some control digits 
(CRC Sequence; generated by the transmitting 
PCX82C200 of the respective message) used for error 
detection. 

The code used for the PCX82C200 bus controlier is a 
(shortened) BCH code, extended by a parity check and 
has the following attributes: 

• 127 bits as maximum length of the code 

• 112 bits as maximum number of information digits 
(maximum 83 bits are used by PCX82C200) 

• length of the CRC Sequence amounts to 15 bits 

• Hamming distance d = 6. 

As a result, (d·1) random errors are detectable (some 
exceptions exist). 

The CRC Sequence is calculated by the following 
procedure: 

1. the destuffed bit stream consisting of Start-Of-Frame 
up to the Data Field (if present) is interpreted as a 
polynomial with coefficients of 0 or 1 

2. this polynomial is divided (moduI0-2) by the following 
generator polynomial: 

f(X) = (X" + X' + X· + X· + X' + X' + X' + X + 1) (X + 1) 
= 1100010110011001 binary. 

The remainder of this polynomial division is the CRC 
Sequence which includes a parity check. Burst errors are 
detected up to a length of 15 [degree of fIX)]. Multiple 
errors (number of disturbed bits at least d = 6) are not 
detected with a residual error probability of 2'15 (= 3 x 
10") by CRC check only. 

8.8.4 FORM ERROR 

Form Errors result from violation of the fixed form of the 
following bit fields: 

• End-Of·Frame 

• Intermission 

• Acknowledge Delimiter 

• CRC Delimiter. 

During the transmission of these bit fields an error 
condition is recognized if a dominant bit level instead of a 
recessive one is detected. 
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8.8.5 ACKNOWLEDGEMENT ERROR 

This is detected by a transmitter whenever it does not 
monitor a dominant bit during the Acknowledge Slot. 

8.8.6 ERROR DETECTION BY AN ERROR FLAG OF ANOTHER 
PCX82C200 

82C200 

The detection of an error is signalled by transmitting an 
Error Flag. An Active Error Flag causes a Stuff Error, a 
Bit Error or a Form Error at all other PCX82C200's. 

8.8.7 ERROR DETECTION CAPABIUTIES 

Errors which occur at all PCX82C200's (global errors) 
are 100% detected. For local errors, i.e. for errors 
occurring at some PCX82C200's only, the shortened 
BCH code, extended by a parity check, has the following 
error detection capabilities: 

• up to five single bit errors are 100% detected, even if 
they are distributed randomly within the code 

• all single bit errors are detected if their total number 
(within the code) is odd 

• the residual error probability of the CRC check 
amounts to 3 x 10-'. As an error may be detected not 
only by CRC check but also by other detection 
processes described in sections 8.8.1 to 8.8.5, the 
residual error probability is several magnitudes less 
than 3 x 10-' for undetected errors. 

8.9 Error confinement (definitions) 

8.9.1 BUS·OFF 

A PCX82C200 which has too many unsuccessful 
transmissions, relative to the number of successful 
transmissions, will enter the Bus·Off state. It remains in 
this state, neither receiving nor transmitting messages 
until the Reset Request bit is set LOW (absent) and both 
Error Counters are set to '0' (see note 1 to Table 5 and 
section 8.10.3). 

8.9.2 ACKNOWLEDGE (ACK) 

A PCX82C200 which has received a valid message 
correctiy, indicates this to the transmitter by transmitting 
a dominant bit level on the bus during the Acknowledge 
Slot, independent of accepting or rejecting the message. 
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8.9.3 ERROR-AcTIVE 

An error-active PCX82C200 is in its normal operating 
state able to receive and to transmit normally and also to 
transmit an active Error Flag (see section 8.10.3). 

8.9.4 ERROR-PASSIVE 

An error-passive PCX82C200 may transmit or receive 
messages normally. In the case of a detected error 
condition it transmits a Passive Error Flag, instead of an 
Active Error Flag. Hence the influence on bus activities 
by an error-passive PCX82C200 (e.g. due to a 
malfunction) is reduced. 

8.9.5 SUSPEND TRANSMISSION 

After an error-passive PCX82C200 has transmitted a 
message, it sends eight recessive bits after the 
Intermission Field and then checks for Bus-Idle. If during 
Suspend Transmission another PCX82C200 starts 
transmitting a message the suspended PCX82C200 will 
become the receiver of this message; otherwise being in 
Bus-Idle it may start to transmit a further message. 

8.9.6 START-UP 

A PCX82C200 which was either switched off or is in the 
Bus·Off state, must run a start-up routine in order to: 

• synchronize with other available PCX82C200's, 
before starting to transmit. Synchronizing is achieved, 
when 11 recessive bits, equivalent to Acknowledge 
Delimiter, End-Of-Frame and Intermission Field, have 
been detected (Bus-Free) 

• wait for other PCX82C200s without passing into the 
Bus-Off state (due to a missing acknowledge), if there 
is no other PCX82C200 currently available. 

8.10 Aims of error confinement 

8.10.1 DISTINCTION OF SHORT AND LONG-LASTING 
DISTURBANCES 

The microcontroller must be informed when there are 
long-lasting disturbances and when bus activities have 
returned to normal operation. During long-lasting 
disturbances, a PCX82C200 enters the Bus-Off state 
and the microcontroller may use default values. 

Minor disturbances of bus activities will not affect a 
PCX82C200. In particular, a PCX82C200 does not enter 
the Bus-Off state or inform the microcontroller of a 
short-lasting bus disturbance. 
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The rules for error confinement are defined by the 
CAN-protocol specification (and implemented in the 
PCX82C200), in that the PCX82C200, being nearest to 
the error-locus, reacts with a high probability, the 
quickest (i.e. becomes error-passive or Bus-Off). hence 
errors can be localized and their influence on normal bus 
activities is minimized. 

8.10.3 ERROR CONFINEMENT 

All PCX82C200's contain a Transmit Error Counter and a 
Receive Error Counter, which registers errors during the 
transmission and the reception of messages, 
respectively. 

If a message is transmitted or received correctly, the 
count is decreased. In the event of an error, the count is 
increased. The Error Counters have an non-proportional 
method of counting: an error causes a larger counter 
increase than a correctly transmitted/received message 
causes the count to decrease. Over a period of time this 
may result in an increase in error counts, even if there 
are fewer corrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the relative 
frequency of disturbances. The ratio of 
increase/decrease depends on the acceptable ratio of 
invalidlvalid messages on the bus and is hardware 
implemented to eight. 

If one of the Error Counters exceeds the Warning limit of 
96 error points, indicating a significant accumUlation of 
error conditions, this is signalled by the PCX82C200 
(Error Status, Error Interrupt). 

A PCX82C200 operates in the error-active mode until it 
exceeds 127 error points on one of its Error Counters. At 
this point it will enter the error-passive state. 

A transmit error which exceeds 255 error points results in 
the PCX82C200 entering the Bus-Off state. 
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9 LIMITING VALUES 
Limiting values in accordance with the Absolute Maximum Rating System (IEC134) 

SYMBOL PARAMETER MIN. MAX. UNIT 

VDD supply voltage range 4.5 5.5 V 

I, input/output current on any pin except from TXO and TX1 - ±10 mA 

lOT sink current of TXO and TX1 together (note 1) - 28 rnA 

lOT sourCe current of TXO and TX 1 together (note 1) - -20 mA 

Tomb operating ambient temperature range: 

PCA82C200 -40 +125 °C 

PCF82C200 -40 +85 °C 

T.g storage temperature range --£5 +150 °C 

Ptot total power dissipation (note 2) - 1 W 

Notes 

1. lOT is allowed in case of a bus failure condition because then the TX-outputs are switched off automatically after a 
short time (Bus-Off state). During normal operation lor is a peak current, permitted for t < 100 ms. The average 
output current must not exceed 10 rnA for each TX-output. 

2. The value is based on the maximum allowable die temperature and the thermal resistance of the package, not on 
device power consumption. 

10 DC CHARACTERISTICS 
V DD " 5 V ±10%; V ss ~ 0 V; Ta"" ~ -40 to +125 °C for the PCA82C200 and T arrb ~ -40 to +85 °C for the PCF82C200. 
All voltages measured with respect to V ~ unless otherwise specified 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

Supply 

VDD supply voltage range 4.5 5.5 V 

supply current: 

IDD operating RST ~ Vss; - 15 rnA 
feu< ~ 16 MHz (note 1) 

I"" sleep mode oscillator inactive (note 2) - 40 llA 

Inputs 

VIL1 LOW level input voltage -0.5 0.8 V 
(except XTAL 1, RXO and RX1) 

V,l2 XTAL 1 LOW level input voltage - O.2VDD V 

VtH1 HIGH level input voltage 3.2 VDD + 0.5 V 
(except XTAL 1, RST, RXO and RX1) 

V,H2 XTAL 1 HIGH level input voltage 0.7VDD - V 

V,H3 RST HIGH level input voltage 3.3 VDO + 0.5 V 

lu input leakage current 0.45 V < V, < VDO - ±10 llA 
(except XTAL 1, RXO and RX1) 
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SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

Outputs 

VOl lOW level output voltage 10l = 1.6 rnA - 0.45 V 
(except XTAL2. TXO and TXI) 

VOH' HIGH level output voltage IOH = -80 JlA 2.4 - V 
(exceptTXO. TXI.INT and ClK OUT) 

VOH2 ClK OUT HIGH level output voltage IOH = -80 ~A O.BVoo - V 

CAN input comparator 

Voo = 5 V±5%; 
I.4V<V,<Voo -I.4V 

VD1F differential input voltage note 3 ±42 - mV 

VHYST hysteresis voltage note 3 12 45 mV 

I, input current - ±400 nA 

CAN output driver 

Voo =5V±5% 

VOLT TXO and TXI output voltage lOW 10 = 1.2 mA (note 3) - 0.1 V 

10= 10 mA - 1.0 V 

VOHT TXO and TXI output voltage HIGH 10 = 1.2 mA (note 3) Voo-O.I - V 

10= 10 mA Voo-I.O - V 

Notes 

I. (ADO - AD?) = ALE = RD = WR = CS = Voo; MODE = Vss; RXO = 2.? V; RXI = 2.3 V; XTAL1 = O.SVNoo - 0.5 V; 
all outputs unloaded. 

2. (ADO - AD?) = ALE = RD = WR = INT = RST = CS = MODE = RXO = Voo; RXI = XTAL1 = Vss; all outputs 
unloaded. 

3. Not tested during production. 
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11 AC CHARACTERISTICS 
Voo = 5 V ±10%; Vss = 0 V; CL = 50 pF (output pins); T,,,,, = -40 to +85/125 °C; unless otherwise specified (note 1) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

feu< oscillator frequency 3 16 MHz 

tsu, address set-up to ALE/AS LOW 10 - ns 

4<0' address hold time 22 - ns 

lew, ALE/AS pulse width 35 - ns 

tvOl RD LOW to valid data output Intel mode - 60 ns 

tVD2 E HIGH to valid data output Motorola mode - 60 ns 

IoF' data float after RD HIGH Intel mode 10 55 ns 

10" data float after E LOW Motorola mode 10 55 ns 

lsu2 input data set-up to WR HIGH Intel mode 30 - ns 

4<02 input data hold after WR HIGH Intel mode 13 - ns 

4<H' WR HIGH to next ALE HIGH 23 - ns 

!u., E LOW to next AS HIGH Motorola mode 23 - ns 

tSU3 input data set-up to E LOW Motorola mode 30 - ns 

t..D3 input data hold after E LOW Motorola mode 25 - ns 

leu ALE LOW to WR LOW Intel mode 10 - ns 

W ALE LOW to RD LOW Intel mode 10 - ns 

!cH, AS LOW to E HIGH Motorola mode 10 - ns 

tSU4 set-up time of RDIWR to E HIGH Motorola mode 20 - ns 

tpW2 WR pulse width Intel mode 170 - ns 

\Pm RD pulse width Intel mode 170 - ns 

tPW4 E pulse width Motorola mode 170 - ns 

Iu, CS LOW to WR LOW Intel mode 0 - ns 

Iu. CS LOW to RD LOW Intel mode 0 - ns 

IcH, CS LOW to E HIGH Motorola mode 0 - ns 

Input comparator/output driver 

t", sum of the input and output delays Voo = 5 V ±5%; - 62 ns 
VOIF = ±42 mY; 
1.4 V < V, < V DO - 1 .4 mV 

Note 

1. AC characteristics are not tested. 
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11.1 AC timing diagrams 

ADO to 
AD7 

ALE 

ADO to 
AD7 

AS 

RDiWi'i 

Fig.S Read cycle timing diagram; Intel mode. 

M(A835 

as ~\. ___ t_L_Ht~~~~:~~~~_t_P_W_4 ____________ rr.7~ 
MLA83< 

Fig.9 Read cycle timing diagram; Motorola mode. 
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ADO to 
AD7 

ALE 

ADO to 
AD7 

AS 

RDIWR 

Mi.A83T 

Fig.10 Write cycle timing diagram; Intel mode. 

r-------writecyeJetime-----~ 

Fig.11 Write cycle timing diagram; Motorola mode. 
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11.2 Additional AC information 

To provide optimum noise Immunity under worse case 
conditions, the chip is powered by three separate pins 
and grounded by three separate pins, see Fig.12. 

V003 

VOD1 

V 002 

[> TXO 
RXO 

LOGIC 
RX' [> TX, 

vSS2 
vss, M!A83<> 

VSS3 

Fig.12 Optimized noise immunity block diagram. 

12 DEVELOPMENT SUPPORT AND TOOLS 

12.1 The PCX82C200 Evaluation Board 

Philips offers powerful support during the design and test 
stages of CAN networks, working closely with customers 
to develop their systems. The 'Philips Stand-alone 
CAN-Controller (PSCC) Evaluation Board' is a versatile 
tool being a ready-to-use hardware and software 
module, very similar to a real CAN module. Since a 5 V 
power supply is provided, the board can be used in any 
vehicle without modification. An RS232 interface allows a 
terminal or a PC with terminal-emulation software to be 
connected to the board. The board comprises: 

• a PCXB2C200 CAN-bus controller 

• a PCABOC552 microcontroller with up to 32K x B bits 
external RAM and EPROM 

November 1992 478 

Product specification 

82C200 

• a 5 V power supply with protection against car battery 
disturbances 

• two different physical CAN-bus interfaces (selectable) 

• an RS232 interface 

• demonstration hardware 

• a wrap field for customer·specific circuitry. 

The software provided with the board supports 'learning 
about CAN' and assists in prototype (e.g. in-vehicle) 
networks. It provides: 

• demonstration software (automatically-initiated) 

• the menu-driven software comprises: 

a facility to alter the contents of the PCXB2C200 
registers 

a bus monitor to receive messages from the 
CAN-bus and to display them on a terminal 

a download facility for the user's application 
software. 

With these facilities the board is a basis for prototype 
modules; when using entirely your own software, the 
board can be used as a custom, debugged and proven 
hardware module. 

12,2 Advanced support 

For further development support, Philips subcontractor 
I+ME offers a complete set of development tools 
including: 

• a CAN simulator; CANINet Sim 

• an emulator; CANlNet Emu 

• a network analyzer; CANINet Anal. 

I+ME can be contacted through the following address: 

I+MEGmbH 
Ferdinandstrasse 15 A 
D-3340 Wolfenbuettel 
West Germany . 

Phone: ++49-5331-72066 
Fax: ++49-5331-32455 
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DESCRIPTION 
The 8OC592183C592187C592 (hereafter 
referred to generically as the 8XC592) is a 
stand-aione high-performance microcontroller 
designed for use in automotive and general 
industrial applications. In addition to the 
8OC51 standard features, this device 
provides a number of dedicated hardware 
functions for these applications. Three 
versions of this derivative will be offered: 
- 83C592 (ROM version) 

- 8OC592 (ROMless version) 

- 87C592 (EPROM/OTP version) 

It combines the functions of the existing 
8XC552 and the Philips CAN-Controller 
PCA82C200 (CAN: Controller Area Network) 
with the following enhanced features: 

• 16K byte Program Memory 

• 2 x 256 byte Data Memory 

• OMA between CAN Transmit/Receive 
buffer and internal RAM 

The temperature range includes -40oC to 

+85°C as well as automotive temperature 

range -4Q°C to + 125°C for the ROM and 
ROMless version with a maximum clock 
frequency of 16MHz. The 87C592 has a 

temperature range of -40oC to +a5°C. 

The main differences to the aXC552 
microcontroller are: 
- a Can-controller substitutes the 12C-serial 

interface 

- 16K byte programmable ROM resp. 
EPROM instead of 8K byte 

- additional 256 byte RAM. 

The aXC592 contains a 16k X a EPROM 
(87C592), ROM (83C592) program memory, 

a volatile 512 X 8 readiwrite data memory, a 
Controller Area Network (CAN) controller, six 
8-bit I/O ports, one a-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 8OC51), an additional 16-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, nested interrupt structure, a 
10-input ADC, a dual OAC pulse width 
modulated interface, two serial interfaces 
(UART and CAN), a "watchdog" timer and 
on-dlip oscillator and timing circuits. For 
systems that require extra capability, the 
aXC592 memory can be expanded externally 
using standard TTL compatible memories 
and logic. 
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FEATURES 
• 8OC51 core architecture 

• 16k X 8 EPROM (87C592) 

• 16k X 8 ROM (83C592) 

• ROMless (aOC592) 

.512 X 8 RAM, expandable externally to 64k 
bytes 

• Two standard 16-bit timer/counters 

• An additional 18-bit timer/counter coupled 
10 four capture registers and three compare 
registers 

• A 10-bit AOC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width 
modulation outputs 

• 15 interrupt sources with 2 priority levels 

• Five a-bit 110 ports plus one B-bit input port 
shared with analog inputs 

• CAN controller with OMA transfer between 
internal data RAM and CAN registers 

• Up to 1 Mbit/s CAN-Controller with bus 
failure management facility 

• V 0012 reference voltage 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• Extended temperature ranges (-40 to 

+125°C) 

• OTP package available 

• ROM code protection 
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PIN CONFIGURATION 

Pin Function Pin Function 
1 P5.Of"DCO 35 V .. 
2 V ... 36 P2.OfA08 
3 ST"DC 

,., P2.11A09 
l'Wli!1l 38 P2.211\10 
PWm 39 P2.3f"11 
EW 40 P2.4I",2 
P4.OICMSRO 4' P2.51"13 
P4.1ICMRS' 42 P2.61"14 

9 P4.2CMSR2 43 P2.7/A15 
10 P4.3ICMSR3 44 !'SEll 
11 P4.4ICMSR4 45 "LEA'ROG" 
12 P4.5ICMSR5 4S El\7V •• 
13 P4.6ICMTO 47 PO.7JAD7 
14 P4.71CMT1 4S PO.61A06 

15 RST 49 PO.5I1\D5 
16 P1.OICTOVINT2 50 PO.4IA04 
17 P1.11CT1 VINT3 51 PO.3f1\D3 
18 P1.2ICT2VINT4 52 PO.214D2 
19 P1.3ICT3UINTS 53 PO.1I1\D1 
20 P1.41T2 54 PO.OfI\DO 
21 P1.51RT2 55 REF 
22 CV .. 56 CRX1 
23 P1.6ICTXO 57 CRXO 
24 P1.7JCTX1 58 "Vrol-
25 P3.OIRxD 59 AVref+ 
26 P3.1TxD 60 AV .. 
27 P3.2iIfiITO 61 "V ... 
28 P3.3IIfITT 62 PS.7IADC7 
29 P3.4ITO 63 PS.611\DC6 
30 P3.5IT1 64 PS.51ADCS 
31 P3.6iWR 65 PS.4I1\DC4 
32 P3.7/RlJ 66 PS.3fADC3 
33 XTAL2 67 P5.21ADC2 
34 XTAL1 68 PS.lIADC1 
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ORDERING INFORMATION 

FREQUENCY DRAWING 
ROMless ROM EPROM TEMPERATURE RANGE·C AND PACKAGE MHZ NUMBER 

P80C592FFA P83C592FFA - -40 10 +85, 68-Pin Plaslic Leaded Chip Carrier 1.21016 0398 

P80C592FHA P83C592FHA - -40 to +125, 68-Pin Plastic Leaded Chip Carrier 1.2 to 16 0398 

- - P87C592EFL -40 10 +85, 68-Pin Ceramic Leaded Chip Carrier 3.51016 1240 
wlWindow 

- - P87C592EFA -40 10 +85, 68-Pin Plaslic Leaded Chip Carrier 3.51016 0398 

BLOCK DIAGRAM 

TO T1 [!] AVREF REF CTXO CTX1 

[I) [I) [I) VDD Vss CVSS 

____________ .L .. J .. _._.J_ ... __ . 
ADCO-7 - + AVDDl ___ . :~r J ~R::RX~ ~ [TI 

,------

TO, T1 
TWO 16-BIT 

TIMER/EVENT 
COUNTERS 

CPU 
PROGRAM 
MEMORY 
16X8 
ROM 

AUXILIARY 
MEMORY 
256X8 

RAM 

DATA 
MEMORY 
256XB 

RAM 

T2 
16-81T 
TIMER! 
EVENT 

COUNTER 

PO Pl P2 P3 TxD RxD P5 P4 CTOI-CT31 T2 RT2 

o ALTERNATIVE FUNCTION OF PORT 0 

OJ ALTERNATIVE FUNCTION OF PORT 1 

[}] ALTERNATIVE FUNCTION OF PORT 2 
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[I) ALTERNATIVE FUNCllON OF PORT 3 

o ALTERNATIVE FUNCTION OF PORT 3 

[!] ALTERNATIVE FUNCll0N OF PORT 5 

m NOT PRESENT IN PaoC592 
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ADC 

THREE 
16 16-811 

COMPARATOR 
WITH 

REGISTERS 

2.5V - .. 

COMPARATOR 
OUTPUT 

SELECTION 

CAN 

T3 
WATCHDOG 

TIMER 

CMSRO-CMSRs RST 'EW 
CMTO, CMT1 
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PIN DESCRIPTION 

MNEMONIC PIN NO. TYPE NAME AND FUNCTION 

VDD 2 I Digital Power Supply: +5V power supply pin during nonnal operation, idle and power-down mode. 

STADC 3 I Start ADC Operation: Input starting analog to digital conversion (ADC operation can also be started by 
software). This pin must not float. 

"PWI\,ID 4 0 Pulse Width Modulation: Output o. 
PWfiiIT 5 0 Pulse Width Modulation: Output 1. 

EW 6 I Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. This pin must 
not float. 

PO.O-PO.7 54-47 110 Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus during accesses to extemal program and data memory. In this application it uses strong internal 
pull-ups when emitting Is. Port 0 is also used to input the code byte during programming and to output 
the code byte during verification. 

P1.0-P1.7 16-21, 1/0 Port 1: 8-bit 1/0 port. Alternate functions include: 
23-24 
16-19 I CTOI·CT31 (Pl.0·Pl.3): Capture timer input signals for timer T2. 
16-19 I INT2·INTS (Pl.D-Pl.3): External interrupts 2-5. 

20 I T2 (Pl.4): T2 event input. RiSing edge triggered. 
21 I RT2 (Pl.S): T2 timer reset signal. Rising edge triggered. 
23 0 CTXO (Pt.6): CAN transmitter output O. 
24 0 CTXl (Pl.7): CAN transmitter output 1. 

Port 1 is also used to input the lower order address byte during EPROM programming and verification. 
AO is on Pl.0, etc. 

CVss 22 I CVss: CAN transmitter driver ground. 

P2.0-P2.7 36-43 1/0 Port 2: 8-bit quasi-bidirectional 1/0 port. 
Alternate function: High-order address byte for external memory (A08-A 15). Port 2 is also used to input 
the upper order address during EPROM programming and verification. A8 is on P2.0, A9 on P2.1. 
through A12 on P2.4. 

P3.0-P37 25-32 1/0 Port 3: 8-bit quasi-bidirectional 1/0 port. Alternate functions include: 
25 RxD (P3.0): Serial input port. 
26 TxD (P3.1): Serial output port. 
27 IN'ro (P3.2): External interrupt. 
28 INTf (P3.3): External interrupt. 
29 TO (P3.4): Timer 0 external input. 
30 T1 (P3.S): Timer 1 external input. 
31 WR (P3.6): External data memory write strobe. 
32 RU (P3.7): External data memory read strobe. 

P4.0-P4.7 7-14 1/0 Port 4: 8-bit quasi-bidirectional 1/0 port. Alternate functions include: 
7-12 0 CMSRO-CMSRS (P4.0·P4.S): Timer T2 compare and seVreset outputs on a match with timer T2. 

13,14 0 CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P50-P5.7 68-62. I Port 5: 8-bit input port. 
1 ADCO·ADC7 (PS.0·PS.7): Alternate function: Eight input channels to ADC. 

RST 15 1/0 Reset: Input to reset the 8XC592. It also provides a reset pulse as output when the watchdog timer 
overtlows or after a CAN wakeup from power-down 

XTALI 34 I Crystal Pin 1: Input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external clock signal when an external oscillator is used. 

XTAL2 33 0 Crystal Pin 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit when an 
external clock is used. 

Vss 35 I Digital ground. 

PSEN 44 0 Program Store Enable: Active-low read strobe to external program memory. 

ALEIPROO 45 0 Address Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS TTL inputs and handles CMOS inputs without an external pull-up. 
This pin is also the program pulse input (PROG) during EPROM programming. 
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PIN DESCRIPTION (Continued) 

MNEMONIC PIN NO. TYPE NAME AND FUNCTION 

FANpp 46 I External Access: When Ell: is held at TTL level high, during reset the CPU executes out of the intemal 
program ROM provided the program counter is less than 16384. When Ell: is held at TTL low level, 
during reset the CPU executes out of extemal program memory. Ell: is not allowed to float. This pin also 
receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 

REF 55 0 REF: AVool2 reference voltage output or input, depending on CAN control register bits. If the intemal 
reference is used, then REF should be connected to AVss through a 10nf (or greater) capacitor. 

CRXI 56 I CRX1: CAN receiver input line 1. 

CRXO 57 I CRXO: CAN receiver input line O. 

AVREF_ 58 I Analog to Digital Conversion Reference Resistor: Low-end. 

AVREF+ 59 I Analog to Digital Conversion Reference Resistor: High-end. 

AVss 60 I Analog Ground (for ADC and CAN receiver) 

AVoo 61 I Analog Power Supply (for ADC and CAN receiver) 

NOTE: 
1. To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD + 0.5V or Vss - O.5V, 

respectively. 

The 8XC592 has the same operation as the 
8XC552 for all features except the CAN 
interface and the AuxRAM. Please refer to 
the 8XC552 section in this data handbook for 
information on the PWM outputs, AID 
converter, Timers 0, 1, or 2, the Watchdog 
Timer and the UART (Sloo). 

INTERNAL DATA MEMORY 
The internal Data Memory is divided into 
three physically separated parts: the 256 byte 
of Main RAM, the 256 byte of AuxRAM, and 
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the 128 byte special function area. these can 
be addressed each in a different way. 
- Main RAM 0 to 127 can be addressed 

dircdy and indirectly as in the 80C5t. 
Address pointers are RO and Rl of the 
selected register bank. 

- Main RAM 128 to 255 can only be 
addressed indirectly. Address pointers are 
RO and Rl of the selected register bank. 

- AuxRAM 0 to 255 is indirectly addressable 
in the same way as the external Data 
Memory with MOVX instructions. Address 
pointers are RO, Rl of the selected register 
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bank and the DPTR. An access to 
AuxRAM 0 to 255 will not affect the ports 
PO, P2, P3.6 and P3.7 during intemal 
program execution. 

An access to external Data Memory 
locations higher than 255 will be performed 
with the MOVX @DPTR instructions in the 
same way as in the aOC51 structure, so 
with PO and P2 as data/address bus and 
P3.6 and P.37 as write and read strobe 
signals. Note that these external Data 
Memory locations cannot be accessed with 
RO or Rl as address pointer. 
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BLOCK DIAGRAM OF 8XC592 CAN CONTROLLER CIRCUITRY 
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CAN FUNCTIONAL DESCRIPTION 

SI01,CAN 
(Controller Area Network) 
CAN is the definition of a high performance 
communication protocol for serial data 
communication. The 8XC592 on-chip CAN 
Controller is a full implementation of the 
CAN-protocol. With the 8XC592, powerful 
local networks can be built, both for 
automotive and general industrial 
environments. This results in a strongly 
reduced wiring harness and enhanced 
diagnostic and supervisory capabilities_ 

Features 
• Multi-master architecture 

• Bus access priority determined by the 
message identifier 

• 2032 message identifier 
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• Guaranteed latency time for high priority 
messages 

• Powerful error handling capability 

• Data length from 0 up to 8 bytes 

• Multicast and broadcast message facility 

• Non-destructive bit-wise arbitration 

• Non-return-to-zero (NRZ) coding/decoding 
with bit stuffing 

• Programmable transfer rate (up to 1 Mbitls) 

• Programmable output driver configuration 

• Suitable for use in a wide range of 
networks, including the SAE's network 
classes A, Band C 

• DMA providing high-speed on-chip data 
exchange 

• Bus failure management facility 

• AVDDI2 reference voltage 
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The CAN Controller meets the following 
automotive requirements: 

• Short message length 

• Guaranteed latency time< for urgent 
messages 

• Bus access priority, determined by the 
message identifier 

• Powerful error handling capability 

• Configuration flexibility to allow area 
network expansion_ 

NOTE: 
The latency time defines the period 
between the initiation (Transmission 
Request) and the start of the transmission 
on the bus. The latency time strongly 
depends on a large variety of bus-related 
conditions. In the case of a message 
being transmitted on the bus and llIll! 
distortion, the latency time can be up to 
149 bit times (worst case)_ For more 
information, see the application note on 
bit timing. 
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CAN Functional Overview 
The 8XC592 includes all hardware modules 
necessary to implement the transfer layer 
which represents the kernel of the CAN 
protocol. Refer to the block diagram (previous 
page) of the CAN controller portion of the 
8XC592. 

Interface Special Function Registers 
The data transfer between the CPU and the 
CAN part of the 8XC592 is done via four 
SFRs: 

CANADR (DBH): 

CANDAT (DAH): 

CAN CON (D9H): 

CANSTA (DaHl: 

to point to a register of 
the CAN-controller 

to read or write data 

to read interrupt flags 
and to write commands 

to read status infor
mation and to write 
DMA pointer to the 
MAIN RAM 

Additionally, the DMA-logic allows a high
speed data exchange between the CAN
controller and the MAIN RAM (see section 
"Handling of the CPU-CAN interface"). 

Interface Management logic 
(IMl) 
The IMl interprets the commands from the 
CPU, controls the allocation of the message 
buffers Transmit Buffer (TBF), Receive Buffer 
o (RBFO), and Receive Buffer 1 (RBF1), and 
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provides interrupts and status information to 
the CPU. 

Transmit Buffer (TBF) 
The TBF is an interface between the CPU 
and the Bit Stream Processor (SSP) and is 
able to store a complete message. The buffer 
is written by the CPU and read by the SSP. 
The TBF is 10 bytes long to hold the 
Descriptor (2 bytes) and the Data-Field (up to 
8 bytes) of the message. 

Receive Buffer (RBFO, RBF1) 
The RBF is an interface between the SSP 
and the CPU and stores a message received 
from the busline. Once filled by BSP and 
allocated to the CPU by IML, the buffer 
cannot be used to store subsequently 
received messages until the CPU has (read 
and) released the buffer. 

To reduce the requirements on the CPU, two 
receive buffers (RBFO, RBF1) are 
implemented. While one RBF is allocated to 
the CPU, the BSP may write to the other one. 
Both RBFO and RBF1 are 10 bytes long to 
hold the Descriptor (2 bytes) and the 
Data-Field (up to 8 bytes) of the message. 

Bit Stream Processor (BSP) 
This is a sequencer controlling the data 
stream between transmit and receive buffers 
(parallel data) and the busline (serial data). 
The BSP contains the Acceptance Filter and 
also controls the TCl and the EML such that 
the processes of reception, arbitration, 
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transmission, and error signaling are 
performed according to the protocol. The 
SSP provides signals to the IMl indicating 
when a message has got acceptance, when 
a receive buffer contains a valid message, 
and also when the transmit butter is no longer 
required after a successful transmission. 

Bit Timing logic (BTL) 
This block monitors the busline using the 
(built-in) Input Comparator and handles the 
busline-related bit timing. 

The BTL synchronizes on a "recessive" to 
"dominant" bustine transition at the beginning 
of a message (hard synchronization) and 
resynchronizes on further transitions during 
the reception of a message (soft 
synchronization). 

The BTL also provides programmable time 
segments to compensate for the propagation 
delay times and phase shifts (e.g., due to 
oscillator drifts) and to define the sampling 
time and the number of samples (one or 
three) to be taken within a bit time. 

Transceiver logic (TCl) 
The TCl controls the transmit output driver. 

Error Management logic (EMl) 
The EMl is responsible for the error 
confinement of the transfer-layer modules. 
The EMl gets error announcements from 
BSP and then informs the BSP, TCl, and IMl 
about error statistics. 
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CONTROL SEGMENT AND 
MESSAGE BUFFER 
DESCRIPTION 
The CAN Controller appears to the CPU as 
an on chip memory mapped peripheral, 
guaranteeing the independent operation of 
both parts. 

Address Allocation 
The address area of the CAN Controller 
consists of the Control Segment and the 

ADDRESS 

CONTROL 

COMMAND 

STATUS 

INTERRUPT 

ACCEPTANCE CODE 

ACCEPTANCE MASK 

BUS TIMING 0 

BUS TIMING 1 

OUTPUT CONTROL 

TEST 

IDENTIFIER, 

message buffers. The Control Segment is 
programmed during an initialization 
down-load in order to configure 
communication parameters (e.g., bit timing). 
The communication over the CAN-bus is also 
controlled via this segment by the CPU. A 
message which is to be transmitted, must be 
written to the Transmit Buffer. After a 
successful reception the CPU may read the 
message from the Receive Buffer and then 
release it for further use. 

CONTROL SEGMENT 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

RTR BIT, DATA LENGTH CODE 
DESCRIPTOR 

20 

2, 

22 

2. 
24 

25 

26 

27 

28 

29 

BYTE 1 

BYTE 2 

BYTE' 

BYTE 4 

BYTES 

BYTE 6 

BYTE 7 

BYTE 8 

IDENTIFIER, 

RTR BIT, DATA LENGTH CODE 

BYTE' 

BYTE 2 

BYTE' 

BYTE_ 

BYTES 

BYTE 6 

BYTE 7 

BYTE 8 

TRANSMIT BUFFER 

DATA FIELD 

IDENTIAER, 

RTR BIT, DATA LENGTH CODE 

BYTE 1 

BYTE 2 

BYTE. 

BYTE 4 

BYTES 

BYTE 6 

BYTE 7 

BYTE 8 
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Control Segment Layout 
The exchange of status, control and 
command signals between the CPU and the 
CAN Controller is perfooned in the control 
segment. The layout of this segment is 
shown in Figure 1. After an initial down-load, 
the contents of the registers Acceptance 
Code, Acceptance Mask, bus TIming 0 and 1 
and Output Control should not be changed. 
These registers may only be accessed when 
the Reset Request bit in the Control Register 
is set HIGH (see "Control Register"). 

DESCRIPTOR 

RECEIVE BUFFER 0 OR , 

DATA FIELD 

Figure 1. CAN Controller Internal Address Allocation 
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Table 1. CAN Registers 

DESCRIPTION ADDRESS 7 (MSB) 6 5 4 3 2 1 o (LSB) 

Control Segment 

Reference 
Overrun Error Transmit Receive Reset 

Control Register 0 Test Mode Synch Active Interrupt Interrupt Interrupt Interrupt 
Request 

Enable Enable Enable Enable 

RXO RXI Wake-Up Clear Release Abort Trans-
Command Register 1 Sleep Overrun Receive Trans- mission 

Active Active Mode 
Status Buffer mission Request 

Trans- Transmit Receive 
Status Register 2 

Bus Error Transmit Receive mission 
Buffer 

Data 
Buffer Status Status Status Status Complete Overrun 

Status 
Access Status 

Interrupt Register 3 reserved reserved reserved 
Wake-Up Overrun Error Transmit Receive 
Interrupt Interrupt Interrupt Interrupt Interrupt 

Acceptance Gode 
4 AC.7 AC.6 AC.5 AC.4 AC.3 AC.2 AC.l AC.O Register 

Acceptance Mask 
5 AM.7 AM.6 AM.5 AMA AM.3 AM.2 AM.l AM.O Register 

Bus Timing Register 0 6 SJW.l SJWO BRP.5 BRPA BRP.3 BRP.2 BRP.l BRP.O 

Bus Timing Register 1 7 SAM TSEG2.2 TSEG2.1 TSEG2.0 TSEG1.3 TSEG1.2 TSEG1.1 TSEG1.0 

Output Control 
8 OCTPl OCTNl OCPOLl OCTPO COTNO OCPOLO OCMODEI OCMODEO Register 

Transmit Buffer 

Identifier 10 10.10 10.9 10.8 10.7 10.6 10.5 IDA 10.3 

RTR, Data Length 
11 10.2 10.1 10.0 RTR DLC.3 DLC.2 DLC.l DLC.O Code 

Bytes 1-8 12-19 Data Data Data Data Data Data Data Data 

Receive Buffer 011 

Identifier 20 10.10 10.9 10.8 10.7 10.6 10.5 IDA 10.3 

RTR, Data Length 
21 10.2 10.1 10.0 RTR DLC.3 DLC.2 OLC.l DLC.O Gode 

Bytes 1-8 22-29 Data Data Data Data Data Data Data Data 
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Control Register (CR) 
The contents of the Control Register are used 
to change the behavior of the CAN Controller. 
Control bits may be set or reset by the CPU 
which uses the Control Register as a 
read/write memory. 

Table 2. Description of the Control Register Bits 

CR 

BIT SYMBOL NAME VALUE 

CR.O RR Reset Request 1 HIGH (present) 

LOW (absent) 

CR.t RIE Receive Interrupt Enable HIGH (enabled) 

LOW (disabled) 

CR.2 TIE Transmit Interrupt Enable HIGH (enabled) 

LOW (disabled) 

CR.3 EIE Error Interrupt Enable HIGH (enabled) 

LOW (disabled) 

CR.4 OlE Overrun Interrupt Enable HIGH (enabled) 

LOW (disabled) 

CR.5 RA Reference Active2 HIGH (output) 

LOW (input) 

CR.S S Synch2 HIGH (2 edges) 

LOW(t edge) 

CR.7 - RESERVED 

NOTES: 

ADDRESS 0 

FUNCTION 

Detection of a Reset Request results in the CAN Controller aborting 
the current transmission/reception of a message entering the reset 
state. 

On the HIGH-to-LOW transition of the Reset Request bit, the CAN 
Controller returns to its normal operating state. 

When a message has been received without errors, the CAN 
Controller transmits a Receive Interrupt signal to the CPU. 

No transmission of the Receive Interrupt signal by the CAN 
Controller to the CPU. 

When a message has been successfully transmitted or the transmit 
buffer is accessible again, (e.g., after an Abort Transmission 
command) the CAN Controller transmits a Transmit Interrupt signal 
to the CPU. 

No transmission of the Transmit Interrupt signal by the CAN 
Controller to the CPU. 

11 the Error or Bus Status change (see status Register), the CPU 
receives an Error Interrupt signal. 

The CPU receives no Error Interrupt signal. 

If the Data Overrun bit is set (see Status Register), the CPU 
receives an Overrun Interrupt signal. 

The CPU receives no Overrun Interrupt signal from the CAN 
Controller. 

The pin REF is an AVDDl2 reference output. 

A reference voltage may be input. 

Bus-line transitions from recessive-to-<iominant and vice versa are 
used for resynchronization. 

Only transitions from recessive-te-dominant are used for 
resynchronization. 

t. During an external reset (RST = HIGH) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset Request HIGH (present). 
During an external reset the CPU cannot set the Reset Request bit LOW (absent). Therefore, after having set the Reset Request bit LOW 
(absent), the CPU must check this bit to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is 
set LOW (absent) the CAN controller will wait for: 
- one occurance of the Bus-Free signal (11 recessive bits), if the preceding reset (Reset Request = HIGH) has been caused by an external 

reset or a CPU initiated reset. 
- 128 occurances of Bus-Free, if the preceding reset (Reset Request = HIGH) has been caused by a CAN Controller initiated Bus-Off, 

before re-entering the Bus-On mode. 
- When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits are affected, see Table 3. 

Only, when Reset Request is set HIGH (present) the registers at addresses 4 to 8 are accessible. 
2. A modification of the bits Reference Active and Synch is only possible with Reset Request = HIGH (present). It is allowed to set these bits 

while Reset Request is changed from HIGH to LOW. After an external reset (pin RST = HIGH) the Reference Active bit is set HIGH (output), 
the Synch bit is undefined. 
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Table 3. Effects of Setting the Reset Request Bft HIGH (present) 

TYPE BIT 

Control Reference Active 

Command AXO Active I AXt Active 
Sleep 
Clear Overrun Status 
Release Receive Buffer 
Abort Transmission 
Transmission Request 

Status Bus Status 
Error Status 
Transmit Status 
Receive Status 
Transmission Complete Status 
Transmit Buffer Access 
Data Overrun 
Receive Buffer Status 

Inlerrupt Overrun Inlerrupt 
Transmit Interrupt 
Receive Interrupt 

Command Register (CMR) 
A command bit initiales an action within the 
transfer layer of the CAN controller. the 
Command Register appears to the CPU as a 
read/write memory, except of the bits CMR.O 
to CMR.3, which return HIGH if being read. 

FUNCTIONAL DIAGRAM 

REF 

CRXO 

1 , 
so RXO 

1 ' , 
Sl RX1 

CRX1 
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EFFECT 

HIGH (output), only after an eXlernal reset 

HIGH (RXO=CRXO, AXI =CAX1), only after an exlemal reset 
LOW (wake-up) 
HIGH (clear) 
HIGH (released) 
LOW (absent) 
LOW (absent) 

LOW (Bus-On), only after an eXlernal reset 
LOW (no error), only after an external reset 
LOW (idle) 
LOW (idle) 
HIGH (complete) 
HIGH (released) 
LOW (absent) 
LOW (empty) 

LOW (reset) 
LOW (reset) 
LOW (reset) 

RXOACDVE 

RX1ACTIVE 

• - - - - - - - - - - - - - - - - - - - - REFERENCEACDVE 

AVOOI2 - VOLTAGE 

WAKE-UP MODE 

WAKE-lIP 
IBUS ACTIVE SlGNALJ 

+ 

+ 
COMPOUT 

Figure 2. Configurable CAN Receiver 
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Table 4. Description of the Command Register Bits 

CMR ADDRESS 1 

BIT SYMBOL NAME VALUE FUNCTION 

CMR.O TR Transmission Request' HIGH (present) A message shall be transmitted. 

LOW (absent) No action. 

CMR.I AT Abort Transmission2 HIGH (present) If not already in progress, a pending Transmission Request is 
cancelled. 

LOW (absent) No action. 

CMR.2 RRB Release Receive Buffer3 HIGH (released) The Receive Buffer attached to the CPU is released. 

LOW (no action) No action. 

CMR.3 COS Clear Overrun4 HIGH (clear) The Data Overrun status bit is set to LOW (see Status Register). 

LOW (no action) No action. 

CMR.4 SLP SleepS HIGH (sleep) The CAN Controller enters sleep mode if no CAN interrupt is 
pending and there is no bus activity. 

LOW (wake up) The CAN Controller functions normally. 

CMR.5 WUM Wake-Up Mode6 HIGH (single ended) The difference of the RX signals to the internal reference voltage 
AVDD12 is used for wake up. 

LOW (differential) The differential signal between RXO and RXI is used for wake up. 

CMR.6 RXIA RXI Active? RXO RXI See Figure 2. 
Active Active 

CMR.7 RXOA RXO Active? 1 1 RXO = CRXO, RXI = CRXI 
1 0 RXO = CRXO, RXI = AVDD12 
0 1 RXO = AVDD/2, RXI = CRXI 
0 0 No action. 

NOTES: 
I. If the Transmission Request bit was set HIGH in a previous command, it cannot be cancelled by setting the Transmission Request bit LOW 

(absent). Cancellation of the requested transmission may be performed by setting the Abort Transmission bit HIGH (present). 
2. The Abort Transmission bit is used when the CPU requires the suspension of the previously requested transmission, e.g., to transmit an 

urgent message. A transmission already in progress is not stopped. In order to see if the original message had been either transmitted 
successfully or aborted, the Transmission Complete Status bit should be checked. this should be done after the Transmit Buffer Access bit 
has been set HIGH (released) or a Transmit Interrupt has been generated (see Interrupt Register). 

3. After reading the contents of the Receive Buffer (RBFO or RBFI) the CPU must release this buffer by setting Release Receive Buffer bit 
HIGH (released). This may result in another message becoming immediately available. 

4. This command bit is used to acknowledge the Data Overrun condition signaled by the Data Overrun status bit. It may be given or set at the 
same time as a Release Receive Buffer command bit. 

5. The CAN Controller will enter sleep mode, if the Sleep bit is set HIGH (sleep), there is no bus activity and no interrupt is pending. A CAN 
Controller will wake up after the Sleep bit is set LOW (wake up) or when there is bus activity. On wake up, a Wake-Up Interrupt (see Interrupt 
Register) is generated (see "Power Reduction Modes"). A CAN Controller which is sleeping and then awoken by bus activity will not be able 
to receive this message until it detects a Bus-Free signal. The Sleep bit, if being read, reflects the status of the CAN Controller. 

6. The Wake-Up Mode bit should be set at the same time as the Sleep bit. The differential wake up mode is useful if both bus wires are fully 
functioning; it minimizes the probability of wake ups due to noise. The single ended wake up mode is recommended if a wake up must be 
possible even if one bus wire is already or may become disturbed (See Figure 2). 

7. The RXO/RXI Active bits, if being read, reflect the status of the respective switches (See Figure 2). It is recommended to change the 
switches only during the reset state (Reset Request is HIGH). 
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Status Register (SR) 
The contents of the Status Register reflects 
the status of the CAN Controller. The Status 
Register appears to the CPU as a read only 
memory. 

TableS. Description of the Status Register Bits 

SR 

BIT SYMBOL NAME VALUE 

SR.O RBS Receive Buffer Status 1 HIGH (full) 

LOW (empty) 

SR.l DO Data Overrun2 HIGH (overrun) 

LOW (absent) 

SR.2 TBS Transmit Buffer Access3 HIGH (released) 

LOW (locked) 

SR.3 TCS Transmit Complete 
Status3 

HIGH (complete) 

LOW (incomplete) 

SR.4 RS Receive Status' HIGH (receive) 

LOW (idle) 

SR.5 TS Transmit Status' HIGH (transmit) 

LOW (idle) 

SR.6 ES Error Status HIGH (error) 

LOW (ok) 

SR.7 BS Bus Status5 HIGH (Bus-Off) 

LOW (Bus-On) 

NOTES: 

ADDRESS 2 

FUNCTION 

This bit is set when a new message is available. 

No message has become available since the last Release Receive 
Buffer command bit was set. 

This bit is set HIGH (overrun) when both Receive Buffers are full and 
the first byte of another message should be stored. 

No data overrun has occurred since the Clear Overrun command 
was given. 

The CPU may write a message into the TBF. 

The CPU cannot access the Transmit Buffer. A message is either 
waiting for transmission or is in the process of being transmitted. 

Last requested transmission has been successfully completed. 

Previously requested transmission is not yet completed. 

The CAN Controller is receiving a message. 

No message is received. 

The CAN Controller is transmitting a message. 

No message is transmitted. 

At least one of the Error Counters has reached the CPU Waming 
limit. 

Both Error Counters have not reached the warning limit. 

The CAN Controller is not involved in bus activities. 

The CAN Controller is involved in bus activities. 

1. If the command bit Release Receive Buffer is set HIGH (released) by the CPU, the Receive Buffer Status bit is set LOW (empty) by IML. 
When a new message is stored in any of the receive buffers, the Receive Buffer Status bit is set HIGH (full) again. 

2. If Data Overrun ~ HIGH (overrun) is detected, the currently received message is dropped. A transmitted message, granted acceptance, is 
also stored in a Receive Buffer. This occurs because it is not known if the CAN Controller will lose arbitration and so become a receiver of 
the message. If no Receive Buffer is available, Data Overrun is signaled. However, this transmitted and accepted message does neither 
cause a Receive Interrupt nor set the Receive Buffer Status bit to HIGH (full). Also, a Data Overrun does not cause the transmission of an 
Overload Frame. 

3. If the CPU tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the written bytes will not be accepted 
and will be lost without this being signaled. The Transmission Complete Status bit is set LOW (incomplete) whenever the Transmission 
Request bit is set HIGH (present). If an Abort Transmission command is issued, the Transmit Buffer will be released. If the message, which 
was requested and then aborted, was not transmitted, the Transmission Complete Status bit will remain LOW. 

4. If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 
S. When the Bus Status bit is set HIGH (Bus-Off), the CAN Controller will set the Reset Request bit HIGH (present). It will stay in this state until 

the CPU sets the Reset Request bit LOW (absent). Once this is completed, the CAN Controller will wait the minimum protocol-defined time 
(128 occurrences of the Bus-Free signal) before setting the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok), and resetting the 
Error Counters. 
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Interrupt Register (IR) 
The Interrupt Register allows the 
identification of an interrupt source. When 
one or more bits of this register are set, a 
CAN interrupt (SI01) will be indicated to the 
CPU. All bits are reset by the CAN Controller 
after this register is read by the CPU. This 
register appears to the CPU as a read only 
memory. 

Table 6. Description of the Interrupt Register Bits 
IR ADDRESS 3 

BIT SYMBOL NAME VALUE FUNC110N 

IR.O RI Receive Interrupt1 HIGH (set) This bit is set when a new message is available in the Receive 
Buffer and the Receive Interrupt Enable bit is HIGH (enabled). 

LOW (reset) Receive Interrupt bit is automatically reset by a read access of 
Interrupt Register by the CPU. 

IR.I TI Transmit Interrupt HIGH (set) This bit is set on a change of the Transmit Buffer Access from LOW 
to HIGH (released) and Transmit Interrupt Enable is HIGH (enabled). 

LOW (reset) Transm~ Interrupt bit will be reset after a read access of the Interrupt 
Register by the CPU. 

1R.2 EI Error Interrupt HIGH (set) This bit is set on a change of either the Error Status or Bus Status 
bits (see Status Register) if the Error Interrupt Enable is HIGH 
(enabled). 

LOW (reset) The Error Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 

1R.3 01 Overrun Interrupt2 HIGH (set) This bit is set HIGH, if both Receive Buffers contain a message and 
the first byte of another message should be stoned (passed 
acceptance), and the Overrun Interrupt Enable is HIGH (enabled). 

LOW (reset) Overrun Interrupt bit is reset by a read access of the Interrupt 
register by the CPU. 

1R.4 WUI Wake-Up Interrupt HIGH (set) The Wake-Up Interrupt bit is set HIGH when the sleep mode is left 
(see Command Register). 

LOW (reset) Wake-Up Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 

1R.5 - RESERVED 

IR.S - RESERVED 

IR.7 - RESERVED 

NOTES: 
1. Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see Status Register) are set at the same time. 
2. Overrun Interrupt bit (if enabled) and Data Overrun bit (see Command Register) are set at the same time. 
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Acceptance Code Register (ACR) 
The Acceptance Code Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (readlwrite), if the 
Reset Request bit is set HIGH (present). 
When a message is received which passes 
the acceptance test and if there is an empty 
Receive Buffer, then the respective 
Descriptor and Data Field (see Figure 1) are 
sequentially stored in this empty buffer. In the 
case that there is no empty Receive buffer, 
the Data Overrun bit is set HIGH (overrun), 
see Status and Interrupt Register. When the 
complete message has been correctly 
received, the following occurs: 

• The Receive Buffer Status bit is set HIGH 
(full) 

• If the Receive Interrupt Enable bit is set 
HIGH (enabled), the receive Interrupt is set 
HIGH (set). 

The Acceptance Code bits (AC.7-AC.0) and 
the eight most significant bits of the 
message's Identifier (10.1 0-10.3) must be 
equal to those bit positions which are marked 
relevant by the Acceptance Mask bits 
(AM.7-AM.0). If the following equation is 
satisfied, acceptance is given: 

[(10.10 .. 10.3) EQUAL (AC.7 .. AC.O)] or 
(AM.7 .. AM.O)= llllllllb 

Acceptance Code Register Bits 

During transmission of a message which 
passes the acceptance test, the message is 
also written to its own Receive Buffer. If no 
Receive Buffer is available, Data Overrun is 
signaled because it is not known at the start 
of a message whether the CAN Controller will 
lose arbitration and so become a receiver of 
the message. 

Acceptance Mask Register (AMR) 
The Acceptance Mask Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (readlwrite) if the 
Reset Request bit is set HIGH (present). The 
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Acceptance Mask Register qualifies which of 
the corresponding bits of the acceptance 
code are "relevanr or "don't care" for 
acceptance filtering. 

Acceptance Mask Reglstar Bits 

Description of the Acceptance Mask 
Register Bits 

ACCEPTANCE VAWE COMMENTS 
MASK BIT 

AM.7toAM.O HIGH This biI posftlon Is 
(don' care) "don' care"' for the 

acceptance of a 
mB5sage. 

LOW This bk poskion Is 
(relevant) -relevant" for 

aa:eptance filtering. 

BuS Timing Register 0 (BTR 0) 
The contents of Bus Timing Register 0 
defines the values of the Baud Rate 
Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be 
accessed (readlwrite) if the Reset Request bit 
is set HIGH (present). 

Bus Timing Register 0 Bits 

Baud Rate Prescaler (BRP) 
The period 01 the system clock IsCL is 
programmable and determines the individual 
bit timing. The system clock is calculated 
using the loll owing equation: 

IsCL = 2tcLK (32BRP.5 + 16BRP.4 + 8BRP.3 + 
4BRP.2 + 2BRP.l + BRP.O + 1) 

!eLK = time period of the 8XC592 oscillator. 

Synchronization Jump Width (SJW) 
To compensate for phase shifts between 
clock oscillators of different bus controllers, 
any bus controller must resynchronize on any 
relevant signal edge of the current 
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transmission. The synchronization jump width 
defines the maximum number of clock cycles 
a bit period may be shortened or lengthened 
by one resynchronization: 

Is.iw = lscL (2SJW.l + SJW.O + 1) 

BuS Timing Register 1 (BTR1) 
The contents of Bus Timing Register 1 
defines the length of the bit period, the 
location of the sample point and the number 
of samples to be taken at each sample point 
This register can be accessed (readlwrite) if 
the Reset Request bit is set HIGH (present). 

Bus Timing Register 1 Bhe 

IOTRf ADDRESS 7 

I 7 6 I 5 I 4 

lSAM TSEG2.2 I TSEG2.f I TSEG2.0 

3 I 2 I f I 0 

TSEGf.3 I TSEG12 I TSEGf.f I TSEG1.0 

Sampling (SAM) 

BIT VALUE COIIIIENTS 

SAM HIGH 3 sarJ1)les are takan. 
(3""""",") 

LOW The bus is sa~1ed once. 
(f~.) 

SAM = LOW is recommended for high speed 
buses (SAE class C), while SAM = HIGH is 
recommended for slow/medium speed buses 
(class A and B) where filtering of spikes on 
the bus-line is beneficial (see "Bit Timing 
Restrictions"). 

Time Segment 1 (TSEG1) and 
Time Segment 2 (TSEG2) 
TSEGI and TSEG2 determine the number of 
clock cycles per bit period and the location of 
the sample point: 

tTSEGf = lscL (8TSEG1.3 + 4TSEG1.2 + 
2TSEG.l + TSEG1.0 + 1) 

tTSEG2 = IsCL (4TSEG2.2 + 2TSEG2.1 + 
TSEG2.0+ 1) 

For further information on bus timing see Bus 
Timing Register 0 and "Bus Timingl 
Synchronization". 
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Output Control Register (OCR) 
The Output Control Register allows, under 
software control, the set-up of different output 
driver configurations. This register can be 
accessed (read/write) if the Reset Request bit 
is set HIGH (present). 

Output Control Register Bits 

IOCR ADDRESS 8 

L 7 6 I 5 I 4 I 3 

IOCTP1 OCTN1 I OCPOl1 I OCTPO I OCTNO 

2 I 1 I 0 

OCPOLO I OCMODE1 I OCMODEO 

II the CAN Controller is in the sleep mode 
(Sleep = HIGH) a recessive level is output on 
the CTXO and CTXI pins. II the CAN 
Controller is in the reset state (Reset Request 
= HIGH) the output drivers are floating. 

Normal Output Mode 
In Normal Output Mode the bit sequence 
(TXD) is sent via CTXO and CTXI. The 

voltage levels on the output driver pins CTXO 
and CTXI depend on both the driver 
characteristic programmed by OCTPx, 
OCTNx (float, pull-up, pull-down, push-pull) 
and the output polarity programmed by 
OCPOLx (see Figure 3). 

Clock Output Mode 
For the CTXO pin this is the same as in 
Normal Output Mode. However, the data 
stream to CTXI is replaced by the transmit 
clock (TXCLK). The rising edge of the 
transmit clock (non-inverted) marks the 
beginning of a bit period. The clock pulse 
width is !sCL. 

Bi-phase Output Mode 
In contrast to Normal Output Mode the bit 
representation is time variant and toggled. If 
the bus controllers are galvanically decoupled 
from the bus-line by a transformer, the bit 
stream is not allowed to contain a DC 
component. This is achieved by the following 
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scheme. During recessive bits all outputs are 
de-activated (floating). Dominant bits are sent 
altematingly on CTXO and CTXI, i.e., the first 
dominant bit is sent on CTXO, the second is 
sent on CTXI, and the third one is sent on 
CTXO again, etc. 

Test Output Mode 
For the CTXO pin this is the same as in 
Normal Output Mode. To measure the delay 
time of the transmitter and receiver this mode 
connects the output of the input comparator 
(COMP OUT) with the input of the output 
driver CTXI. This mode is used for 
production testing only. 

The following two tables, Table 7 and Table 8, 
show the relationship between the bits 01 the 
Output Control Register and the two serial 
output pins CTXO and CTXI of the 8XC592-
CAN Controller, connected to the serial bus 
(see Block Diagram, page 483). 

OCPOLO 

OCPOL1 

OCMODEO 

OCMODE1 

TXD 

f--+-CTXO 

TXCLK 

OUTPUT 
CONTROL 

LOGIC 

OCTNt OCTNG 

TNG 

cVss 

TP1 

f--+- CTX1 

Figure 3. Configurable CAN Transmitter 

Table 7. Description of the Output Mode Bits 

OCMODEI OCMODEO DESCRIPTION 

I 0 Normal output Mode; CTXO, CTXI: bit sequence (TXD; note I) 
I 1 Clock output Mode; CTXO: bit sequence, CTXI: bus clock (TXCLK) 
0 0 Bi-phase output Mode 
0 1 Test output Mode; CTXO: bit sequence, CTXI: COMP OUT 

NOTE: 
I. TXD is the data bit to be transmitted. 
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TableS. Output Pin Set-Up 

DRIVE OCTPx OCTNx OCPOLx TXD TPx TNx CTXx 

Float 0 a 0 0 Off Off float 
0 0 0 1 Off Off float 
0 0 1 0 Off Off float 
0 0 1 1 Off Off float 

Pull-down 0 1 0 0 Off On LOW 
0 1 0 1 Off Off float 
0 1 1 0 Off Off float 
0 1 1 1 Off On LOW 

Pull-up 1 0 0 0 Off Off float 
1 0 0 1 On Off HIGH 
1 0 1 0 On Off HIGH 
1 0 1 1 Off Off float 

Push/Pull 1 1 0 0 Off On LOW 
1 1 0 1 On Off HIGH 
1 1 1 0 On Off HIGH 
1 1 1 1 Off On LOW 

NOTES: 
1. TPx is the on-chip output transistor x, connected to VDD; x ~ 0 or 1. 
2. TNx is the on~hip output transistor x, connected to CVss; x ~ 0 or 1. 
3. CTXx is the serial output level on CTXO or CTX1. It is required that the output level on the CAN bus is dominant with TXD ~ 0 and recessive 

with TXD ~ 1. 

TRANSMIT BUFFER LAYOUT 
The global layout of the Transmit Buffer is 
shown in Figure 1. This buffer serves to store 
a message from the CPU to be transmitted 
by the CAN Controller. It is subdivided into 
Descriptor and Data Field. the Transmit 
Buffer can be written to and read from by the 
CPU. 

DESCRIPTOR 

Descriptor Byte 1 (DSCR1) 

Descriptor Byte 2 (DSCR2) 

Identifier (10) 
The Identifier consists of 11 bits (ID.l0 to 
ID.O) ID.l0 is the most significant bit, which is 
transmitted first on the bus during the 
arbitration process. the Identifier acts as the 
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message's name, used in a receiver for 
acceptance filtering, and also determines the 
bus access priority during the arbitration 
process. The lower the binary value of the 
Identifier, the higher the priority. this is due to 
the larger number of leading dominant bits 
during arbitration. 

Remote Transmission Request 
Bit (RTR) 

Description of the RTR Bit 

BIT VALUE COMMENTS 

RTR HIGH Remote Frame will be 
(,errote) transmitted by the CAN 

Controller. 

LOW Data Frame will be 
(data) transmitted by the CAN 

Controller. 

Data Length Code (DLC) 
The number of bytes (Data Byte Count) in the 
Data Field of a message is coded by the Data 
Length Code. at the start of a Remote Frame 
transmission, the Data Length Code is not 
considered due to the RTR bit being HIGH 
(remote). This forces the number of 
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transmitted/received data bytes to be O. 
Nevertheless, the Data Length code must be 
specified correctly to avoid bus errors, if two 
CAN-controllers start a Remote Frame 
transmission simultaneously. 

The range of the Data Byte Count is 0 to 8 
bytes and coded as follows: 

Data Byte Count ~ 8DLC.3 + 4DLC.2 + 
2DLC.l + DLC.O 

For reasons of compatibility, no Data Byte 
Counts other than 0,1 ,2, ... and 8 should be 
used. 

Data Field 
The number of transferred data bytes is 
determined by the Data Length Code. the first 
bit transmitted is the most significant bit of 
data byte 1 at address 12. 

RECEIVE BUFFER LAYOUT 
The layout of the Receive Buffer and the 
individual bytes correspond to the definitions 
given for the Transmit Buffer layout, except 
that the addresses start at 20 instead of 10 
(see Figure 1). 



Philips Semiconductors Microcontroller Products Preliminary specification 

Single-chip 8-bit microcontroller with CAN controller 
80C592/83C592/87C592 

Table 9. The Special Function Registers Between CPU and CAN 

MSB LSB 

SFR AOR ACS 7 6 5 4 3 2 1 0 

CANADR D8h RW DMA reservecf' Auto Inc CANA4 CANA3 CANA2 CANAl CANAO 

CAN OAT DAh RW CAND7 CAND6 CAND5 CAND4 CAND3 CAND2 CANDl CANDO 

CANCONl D9h R reserved3 reservecf' reserved' WakeUp Overrun Error Transmit Receive 
Interrupt Interrupt Interrupt Interrupt Interrupt 

W RXO RXl WakeUp Sleep Clear Release Abort Transm 
Active Active Mode Overrun RxBuf Transm Request 

CANSTA1,2 D8h R Bus Error Transmit Receive TxCompl TxBuf Data RxBuf 
Status Status Status Status Status Access Overrun Status 

W RAMA7 RAMA6 RAMA5 RAMA4 RAMA3 RAMA2 RAMAl RAMAO 

NOTES: 
1, Do not use a RMW instruction, 
2, The bit addresses of CANSTA (7:0) are DFH " DBH. 
3. Reserved bits are read as HIGH. 

HANDLING OF THE CPU-CAN 
INTERFACE 
Via the four special registers CANADR, 
CAN OAT, CAN CON and CANSTA, the CPU 
has access to the CAN Controller and also to 
the DAM-logic. Note that CANCON and 
CANSTA have different meanings for a read 
and write access. 

CANADR 
The five least significant bits CANADR.4 
down to CANADR.O (CANA4 ... CANAO) 
define the address of One of the CAN 
Controller internal registers to be accessed 
via CANDAT. For instance, after an external 
hardware (e.g., power-on) reset CANADR 
contains the value 64h, and hence the CPU 
accesses (readtwrite) the Acceptance Code 
register of the CAN Controller, via the Special 
Function Register CANDAT. CANADR also 
controls the auto address increment mode via 
bit CANADR.5 (Autolnc) and the DMA-Iogic 
via bit CANADR. 7 (DMA). CANADR is 
implemented as a read/write register. 

CAN OAT 
The Special Function Register CANDAT 
appears as a port to the CAN Controller'S 
internal register (memory location) being 
selected by CANADR. Reading or writing 
CANDAT is effectively an access to that CAN 
Controller internal register, which is selected 
by CANADR. CANDAT is implemented as a 
read/write register. 

CANCON 
When reading CANCON the Interrupt 
Register of the CAN Controller is accessed, 
while writing to CAN CON means an access 
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to the Command Register. CAN CON is 
implemented as a readlwrite register. 

CANSTA 
Reading CANSTA is an access to the Status 
Register of the CAN Controller. Writing to 
CANSTA sets the address of the on-chip 
Main RAM (internal data memory) for a 
subsequent DMA transfer. CANSTA is 
implemented as a bit-addressable read/write 
register. 

Auto Address Increment 
With the auto address increment mode a fast 
stack-like reading and writing of CAN 
Controller internal registers is provided. If the 
bit CANADR.5 (Autolnc) is high, the content 
of CANADR is incremented automatically 
after any read or write access to CANDAT. 
For instance, loading a message into the 
Transmit Buffer can be done by writing 2AH 
into CANADR and then moving byte by byte 
of the message to CANDAT. 

Incrementing CANADR beyond xx 111111 b 

resets the bit CANADR.5 (Autolnc) 
automatically (CANADR ~ XXOOOOOOb)' 

High Speed DMA 
The DMA-Iogic allows to transfer a complete 
message (up to 10 bytes) between CAN 
Controller and Main RAM in 2 instruction 
cycles at maximum; up to 4 bytes are 
transferred in 1 instruction cycle. The 
performance of the CPU is strongly enhanced 
because this very fast transfer is don in the 
background. A DMA transfer is achieved by 
first writing the RAM address (0 .. FFH) into 
CANSTA and then setting the TX- or 
RX-Buffer address in CANADR and the bit 
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CANADR.7 (DMA) simultaneously; the RAM 
address points to the location of the first byte 
to be transferred. Setting the DMA bit causes 
an automatic evaluation of the Data Length 
Code and then the transfer; for a TX-DMA 
transfer the Data Length Code is expected at 
the location "RAM address + 1". 

In order to program a TX-DMA transfer, the 
value 8AH (address 10) has to be written into 
CANADR. Then a complete message, 
consisting of the 2-byte Descriptor and the 
Data Field (0. .8 bytes), starting at location 
"RAM address" is transferred to the 
TX-Buffer. 

The RX-DMA transfer is very versatile. By 
writing a value in the range of 94H (address 
20) up to 9DH (address 29) of CANADR the 
whole or a part of the received message, 
starting at the specified address, is 
transferred to the internal data memory. This 
allows e.g. to transfer the bytes of the Data 
Field only. 

After a successful DMA transfer the DMA
(and Auto Inc-) bit is reset. 

During a DMA transfer the CP U can process 
the next instruction. However, an access to 
the data memory, CANADR, CAN OAT, 
CAN CON or CANSTA is not allowed. A fler 
having set the DMA-bit, every interrupt is 
disabled until the end of the transfer. Note, 
that disadvantageous programming may lead 
to an interrupt response time of at most 10 
instruction cycles. The shortest interrupt 
response time is achieved by using a 2-cycle 
instructions directly after setting the DMA-bit. 
During the reset state (bit Reset Request is 
HIGH) a DMA transfer is not possible. 
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NOMINAL BIT nME 

SYNC.SEG 

r--- PROP.SEG T PHASE SEGl -t- PHASE SEG2 ~ 

I I 

t 
SAMPLE POINT 

a) As defined by the CAN protocol. 

I (ONE BIT PERIOD) 

tSYNCSEG 

tTSEG1 1 'TSEG2-

I 
TRANSMIT POINT 

t 
1 CLOCK CYCLE SAMPLE POINT 

(Iseu 

a) As implemented in the 8XC592's on-chip CAN Controller. 

BUS TIMING I 
SYNCHRONIZATION 
The Bus Timing Logic (BTL) monitors the 
serial bus-line via the on-chip input 
comparator and performs the following 
functions: 

• Monitors the serial bus-line level 

• Adjusts the sample point, within a bit period 
(programmable) 

• Samples the bus-line level using majority 
logic (programmable, 1 or 3 samples) 

• Synchronization to the bit stream: 
- Hard synchronization at the start of a 

message 
- Resynchronization during transfer of a 

message 

The configuration of the BTL is performed 
during the initialization of the CAN Controller. 
The BTL uses the following three registers: 

• Control register (Synch) 

• Bus Timing Register 0 

• Bus Timing Register 1 

Bit Timing 
A bit period is built up from a number of 
system clock cycles (tseLl (see "Bus Timing 
Register 0"). One bit period is the result of the 
addition of the programmable segments 
TSEG 1 and TSEG2 and the general segment 
SYNCSEG. 
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Figure 4. Bit Period 

Synchronization Segment (SYNCSEG) 
The incoming edge of a bit is expected during 
this state; this state corresponds to one 

system clock cycle (1 X tsed. 

Time Segment 1 (TSEG1) 
This segment determines the location of the 
sampling point within a bit period, which is at 
the end of TSEG 1. TSEG 1 is programmable 
from 1 to 16 system clock cycles. 

The correct location of the sample point is 
essential for the correct functioning of a 
transmission. The following points must be 
taken into consideration: 

• A Start-Of-Frame causes all CAN 
Controllers to perform a "hard 
synchronization" on the first recessive-to
dominant edge. During arbitration, 
however, several CAN Controllers may 
simultaneously transmit. Therefore it may 
require twice the sum of bus-line, input 
comparator and the output driver delay 
times until the bus is stable. This is the 
propagation delay time. 

• To avoid sampling at an incorrect position, 
it is necessary to include an additional 
synchronization buffer on both sides of the 
sample point. The main reasons for 
incorrect sampling are: 
- Incorrect synchronization due to spikes 

on the bus-line; 
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- Slight varialions in the oscillator 
frequency of each CAN Controller in the 
network, which results in a phase error. 

• Time Segment 1 consists of the segment 
for compensation of propagation delays 
and the synchronization buffer segment 
directly before the sample point (see 
Figure 4). 

Time Segment 2 (TSEG2) 
This time segment provides: 

• Additional time at the sample point for 
calculation of the subsequent bit levels 
(e.g., arbitration); 

• Synchronization buffer segment directly 
after the sample point. 

TSEG2 is programmable from 1 to 8 system 
clock cycles. 

Synchronization Jump Width (SJW) 
SJW defines the maximum number of clock 
cycles (tseLl a period may be reduced or 
increased by one resynehronization. SJW is 
programmable from 1 to 4 system clock 
cycles . 
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PropagaUon Delay Time (tpROP) 
The propagation delay time is calculated by 
summing the maximum propagation delay 
times of the physical bus, the input 
comparator and the output driver. The 
resulting sum is multiplied by 2 and then 
rounded up to the nearest multiple of'scL. 

!PROP = 2 X (physical bus delay 
+ input comparator delay 
+ output driver delay) 

Bit Timing Restrictions 
Restrictions on the configuration of the bit 
timing are based on internal processing. The 
restrictions are: 

• tTSEG2 ~ 2'sCL 
• tTSEG2 ~ 'sJW 
• tTSEGl ~ tTSEG2 
• tTSEGl ~ 'sJW + !PROP 

The three sample mode (SAM = 1) has the 
effect of introducing a delay of one system 
clock cycle on the bus-line. This must be 
laken into account for the correct calculation 
ofTSEGl and TSEG2: 

• tTSEGl ~ Ism + !PROP + 21scL 
• tTSEG2 ~ 31scL 

Synchronization 
Synchronization is performed by a state 
machine which compares the incoming edge 
with its actual bit timing and adapts the bit 
timing by hard synchronization or 
resynchronization. 

Hard Synchronization 
This type of synchronization occurs only at 
the beginning of a message. The CAN 
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Controller synchronizes on the first incoming 
recessive-to-dominant edge of a message 
(being the leading edge of a message's 
Starf-Of-Frame bit). 

Resynchronlzation 
Resynchronization occurs during the 
transmission of a message's bit stream to 
compensate for: 
• Variations in individual CAN Controller 

oscillator frequencies: 
• Changes introduced by switching from one 

transmitter to another (e.g., during 
arbitration ). 

As a result of resynchronization, either trSEGl 
may be increased by up to a maximum of 
isJw, or tTSEG2 may be decreased by up to a 
maximum of Ism: 

• tTSEGl ~lscL!(TSEGl + 1) + (SJW + 1)) 
• tTSEG2 ~ IsCL [(TSEG2 + 1) - (SJW + 1)) 

NOTE: TSEG1, TSEG2 and SJW are the 
programmed numerical values. 

The phase error (e) of an edge is given by the 
position of the edge relative to SYNCSEG, 
measured in system clock cycles (Iscd. The 
value of the phase error is defined as: 
• e = 0, if the edge occurs within SYNCSEG 
• e > 0, if the edge occurs within TSEGI 
• e < 0, if the edge occurs within TSEG2. 

The effect of resynchronization is: 
• The same as that of a hard 

synchronization, if the magnitude of the 
phase error (e) is less or equal to the 
programmed value of IsJw: 
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• To increase a bit period by the amount of 
Ism, if the phase error is positive and the 
magnitude of the phase error is larger than 
IsJW: 

• To decrease a bit period by the amount of 
IsJw, if the phase error is negative and the 
magnitude of the phase error is larger than 
IsJw· 

Synchronization Rules 
The synchronization rules are as follows: 
• Only one synchronization within one bit 

time used. 
• An edge is used for synchronization only if 

the value detected at the previous sample 
point differs from the bus value immediately 
after the edge. 

• Hard synchronization is performed 
whenever there is a recessive-to-dominant 
edge during Bus-Idle. 

• All other edges (recessive-to-dominant and 
optionally dominant-to-recessive edges if 
the Synch bit is set HIGH) which are 
candidates for resynchronization will be 
used with the following exception: 
- A transmitting CAN Controller will not 

perform a resynchronization as a result 
of a recessive-to-dominant edge with 
positive phase error, if only these edges 
are used for resynchronization. this 
ensures that the delay times of the 
output driver and input comparator do 
not cause a permanent increase in the 
bit time. 
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CAN-PROTOCOL DESCRIPTION 

Frame Types 
The 8XC592's CAN Controller supports the 
four different CAN protocol frame types for 
communication: 

• Data Frame, to transfer data 

• Remote Frame, request for data 

• Error Frame, globally signals a (locally) 
detected error condition 

• Overload Frame, to extend delay time of 
subsequent frames (an Overload Frame is 
not initiated by the 8XC592 CAN Controller. 

Bit Representation 
There are two logical bit representations used 
in the CAN protocol: 

• A recessive bit on the bus-line appears 
only if all connected CAN Controllers send 
a recessive bit at that moment 

• Dominant bits always overwrite recessive 
bits, i.e., the resulting bit level on the 
bus-line is dominant. 

Data Frame 
A Data Frame carries data from a 
transmitting CAN Controller to one or more 
receiving ones. A Data Fram is composed of 
seven different bit-fields: 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• Data Field (may have a length of zero) 

• CRC Field 

• Acknowledge Field 

• End-Of-Frame 

INTER-FRAME . ,. 
SPACE 

Start-of-Frame Bit 
Signals the start 01 a Data Frame or Remote 
Frame. It consists 01 a single dominant bH 
used for hard synchronization 01 a CAN 
Controller in receive mode. 

Arbitration Field 
Consists of the message Identifier and the 
RTR bit. In the case of simultaneous 
message transmissions by two or more CAN 
Controllers the bus access conflict is solved 
by bit-wise arbitration, which is active during 
the transmission of the Arbitration Field. 

Identifier 
This ll-bit field is used to provide information 
about the message, as well as the bus 
access priority. It is transmitted in the order 
1D.10 to ID.O (LSB). The situation thatthe 
seven most significant bits (10.10 to 10.4) are 
all recessive must not occur. 

An Identifier does not define which particular 
CAN Controller will receive the frame 
because a CAN-based communication 
network does not differentiate between a 
point-to-point, multicast or broadcast 
communication. 

RTRBit 
A CAN Controller, acting as a receiver for 
certain information may initiate the 
transmission of the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). If the data source 
simultaneously transmits a Data Frame 
containing the requested data, it uses the 
same Identifier. No bus access conflict occurs 
due to the RTR bit being set LOW (data; 
dominant bus level) in the Data Frame. 

DATAFRAIIE 

Control Field 
This field consists of six bits. It includes two 
reserved bits (for future expansions of the 
CAN protocol), transmitted with a dominant 
bus level, and is followed by the Data length 
Code (4 bits). The number of bytes 
(destulfed; number of data bytes to be 
transmitted/received) in the Data Field is 
indicated by the Data Length Code. 
Admissible values of the Data Length Code, 
and hence the number of bytes in the 
(destulfed) Data Field, are (0,1, ... , 8). A logic 
o (logic 1) in the Data Length Code is 
transmitted as dominant (recessive) bus 
level, respectively. 

Data Field 
The data, stored within the Data Field of the 
transmit buffer, are transmitted according to 
the Data Length Code. Conversely, data of a 
received Data Frame will be stored in the 
Data Field of a Receive Buffer. The Data 
Field can contain from 0 up to 8 bytes. The 
most significant bit of the first data byte 
(lowest address) is transmitted/received first. 

Cyclic Redundancy Code Field (CRC) 
The CRC Field consists of the CRC 
Sequence (15 bits) and the CRC Delimiter (1 
recessive bit). The Cyclic Redundancy Code 
(CRC) encloses the destuffed bit stream of 
the Start-of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The 
most significant bit of the CRC Sequence is 
transmitted/received first. This frame check 
sequence, implemented in the CAN 
Controller is derived from a cyclic redundancy 
code best suited for frames with a total bit 
count of less than 127 bits, CRC Error 
detection. With Start-ai-Frame (dominant bit) 
included in the code word, any rotation of the 
code word can be detected by the absence of 
the CRC Delimiter (recessive bit). 

., . INTER-FRAIIE SPACE 
OR OVERLOAD FRAIIE 

,I , 111111111111 , II II , 1111111111'111 """'""1" I 
" 

, I 

ll\ \ \ \ \ \ \ \ \ \ ~ UlllV I VIIIIIIIIIIIIIIJ ~ I 

i 
- RECESSIVE LEVEL 

I 
I DOllNANT LEVEL 

START.()I'-FRAME l 
tARBITRATlON AELD: ..... 

ACKNOWLEDGE AELD: ..... ~~-FRAIIJ ACKSET 
ACK DELIMITER 

IDENTIFIER 
----. - DATAAELD: 

RTRBIT o T08BYTES 

- CReFIELD: --
CONTROL AELD: CRC SEQUENCE 

RESERVED BITS CRC DELIMITER 
DATA LENGTH CODE 

Figure 5. Data Frame 
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Acknowledge Field (ACK) 
The Acknowledge Freid consists of two bits, 
the Acknowledge Slot and the Acknowledge 
Delimiter, which are transmitted with a 
recessive level by the transmitter of the Data 
Frame. All CAN Controllers having received 
the matching CRC Sequence, reporlthis by 
overwriting the transmitter's recessive bit in 
the Acknowledge Slot with a dominant bit. 
Thereby a transmitter, still monitoring the bus 
level recognizes that at least one receiver 
within the network has received a complete 
and correct message (i.e., no error was 
found). The Acknowledge Delimiter 
(recessive bit) is the second bit of the 
Acknowledge Field. As a result, the 
Acknowledge Slot is surrounded by two 
recessive bits: the CRC Delimiter and the 
Acknowledge Delimiter. 

All nodes within a CAN network may use all 
the information coming to the network by all 
CAN Controllers (shared memory concept). 
Therefore, acknowledgement and error 
handling are defined to provide all information 
in a consistent way throughout this shared 
memory. Hence, there is no reason to 
discriminate different receivers of a message 
in the acknowledge field. If a node is 
disconnected from the network due to bus 
failure, this particular node is no longer part of 
the shared memory. To identify a "lost node" 
additional and application specific 
precautions are required. 

End-Qf-Frame 
Each Data Frame or Remote Frame is 
delimited by the End-of-Frame bit sequence 
which consists of seven recessive bits 
(exceeds the b~ stuff width by two bits). 
Using this method a receiver detects the end 
of a lrame independent of a previous 
transmission error because the receiver 
expects all bits up to the end 01 the CRC 
Sequence to be coded by the method of 
bit-stuffing. The bit-stuffing logic is 
deactivated during the End-aI-Frame 
sequence. 

Remote Frame 
A CAN Controller acting as a receiver for 
certain information may initiate the 
transmission 01 the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). The Remote Frame is 
similar to the Data Frame with the following 
exceptions: 

• RTR bit is set HIGH 

• Data Length Code is ignored 

• No Data Field contained 

Note that the value 01 the Data Length Code 
should be the one 01 the corresponding Data 
Frame, although it is ignored lor a Remote 
Frame. 

A Remote Frame is composed 01 six different 
bitlields: 

• Start-ai-Frame 

• Arbitration Field 

• Control Field 

• CRC Field 

• Acknowledge Field 

• End-ai-Frame 

Error Frame 
The Error Frame consists of two different 
lields. The first field is aocomplished by the 
superimposing 01 Error Flags contributed 
from different CAN Controllers. 

The second field is the Error Delimiter. 

Error Flag 
There are two forms of an Error Flag: 

• Active Error Flag, consists of six 
consecutive dominant bits 

• Passive Error Flag, consists 01 six 
consecutive recessive bits unless it is 
overwritten by dominant bits from other 
CAN Controllers. 

An error-active CAN Controller detecting an 
error condition signals this by transmission 01 

DATA FRAME .. I.. ERROR FRAME .. I .. 
I I I I I I I I I I I I I I I I I I I I I I 

Figure 6. Error Frame 
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an Active Error Flag. This Error Flag's form 
violates the bit-stuffing rule applied to all 
fields, from Start-of-Frame to CRC Delimiter, 
or destroys the fixed form of the fields 
Acknowledge Field or End-of-Frame. 
Consequently, all other CAN Controllers 
detect an error condition and start 
transmission of an Error Flag. Therefore the 
sequence of dominant bits, which can be 
monitored on the bus, results from a 
superposition of different Error Flags 
transmitted by individual CAN Controllers. 
The total length of this sequence varies 
between six (minimum) and twelve 
(maximum) bits. 

An error-passive CAN Controller detecting an 
error condition tries to signal this by 
transmission of a Passive Error Flag. The 
error-passive CAN Controller waits for six 
consecutive bits with identical polarity, 
beginning at the start of the Passive Error 
Flag. The Passive Error Rag is complete 
when these six identical bits have been 
detected. 

Error Delimiter 
The Error Delimiter consists 01 eight 
recessive bits and has the same format as 
the Overload Delimiter. After transmission of 
an Error Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point 
in time. every CAN Controller has finished 
sending its Error Rag and has additionally 
sent the first out of the 8 recessive bits of the 
Error Delimiter. Afterwards all CAN 
Controllers transmit the remaining recessive 
bits. After this event and an Intermission Field 
all error-active CAN Controllers within the 
network can start a tran smission 
simultaneously. 

If a detected error is signaled during 
transmission of a Data Frame or Remote 
Frame, the current message is spoiled and a 
retransmission of the message is initiated. 

INTER.fRAME SPACE 
OR OVERLOAD FRAME 
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If a CAN Controller monitors any deviation of 
the Error Frame, a new Error Frame will be 
transmitted. Several consecutive Error 
Frames may result in the CAN Controller 
becoming error-passive and leaving the 
network unblocked. 

In order to terminate an Error Rag correctly, 
an error-passive CAN Controller requires the 
bus to be Bus-Idle for at least three bit 
periods (if there is a local error at an 
error-passive-receiver). Therefore a CAN bus 
should not be permanently loaded. 

OverlOad Frame 
The Overload Frame consists of two fields, 
the Overload Flag and the Overload 
Delimiter. There are two conditions in the 
CAN protocol which lead to the transmission 
of an Overload Flag: 

• Condition 1; receiver circuitry requires 
more time to process the current data 
before receiving the next frame (receiver 
not ready) 

• Condition 2; detection of a dominant bit 
during Intermission Field. 

The transmission of an Overload Frame may 
only start: 

• Condition 1 ; during the first bit period of an 
expected Intermission Field 

• Condition 2; one bit period after detecting 
the dominant bit during Intermission Field 

The 8XC592's on chip CAN Controller will 
never initiate transmission of a condition 
l-Overload Frame and will only react on a 
transmitted condition 2 Overload Frame, 
according to the CAN protocol. No more than 
two Overload Frames are generated to delay 
a Data Frame or a Remote Frame. Although 
the overall from of the Overload Frame 
corresponds to that of the Error Frame, an 
Overload Frame does not initiate or require 
the retransmission of the preceding frame. 

Overload Flag 
The Overload Flag consists of six dominant 
bits and has a similar format to the Error 
Flag. 

The Overload Flag'S form corrupts the fixed 
form of the Intermission Field. All other CAN 
Controllers detecting the overload condition 
also transmit an Overload Flag (condition 2). 

Overload Delimiter 
The Overload Delimiter consists of eight 
recessive bits and takes the same form as 
the Error Delimiter. After transmission of an 
Overload Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point 
in time, every CAN Controller has finished 
sending its Overload Flag and all CAN 
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Controllers start simultaneously transmitting 
seven more recessive bits. 

Inter-Frame Space 
Data Frames and Remote Frames are 
separated from preceding frames (all types) 
by an Inter-Frame Space, consisting of an 
Intermission Field and a Bus-Idle. 
Error-passive CAN Controllers also send a 
Suspend Transmission after transmission of a 
message. Overload Frames and Error 
Frames are not preceded by an Inter-Frame 
Space. 

Intermission Field 
The Intermission Field consists of three 
recessive bits. During an Intermission period, 
no frame transmissions will be started by the 
8XC592's on chip CAN Controller. An 
Intermission is required to have a fixed time 
period to allow a CAN Controller to execute 
internal processes prior to the next receive or 
transmit task. 

Bus-Idle 
The Bus-Idle time may be of arbitrary length 
(minimum 0 bit). The bus is recognized to be 
free and a CAN Controller having information 
to transmit may access the bus. The 
detection of a dominant bit level during 
Bus-Idle on the bus is interpreted as the 
Start-of-Frame. 

Bus Organization 
Bus organization is based on five basic rules 
described in the following paragraphs. 

Bus Access 
CAN Controllers only start transmission 
during the Bus-Idle state. All CAN Controllers 
synchronize on the leading edge of the 
Start-of-Frame (hard synchronization). 

Arbitration 
If two or more CAN Controllers 
simultaneously start transmitting, the bus 
access conflict is solved by a bit-wise 
arbitration process during transmission of the 
Arbitration Field. 

During arbitration every transmitting CAN 
Controller compares its transmitted bit level 
with the monitored bus level. Any CAN 
Controller which transmits a recessive bit and 
monitors a dominant bus level immediately 
becomes the receiver of the higher-priority 
message on the bus without corrupting any 
information on the bus. Each message 
contains an unique Identifier and a RTR bit 
describing the type of data within the 
message. The Identifier together with the 
RTR bit implicitly define the message's bus 
access priority. During arbitration the most 
significant bit of the Identifier is transmitted 
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first and the RTR bit last. The message with 
the lowest binary value of the Identifier and 
RTR bit has the highest priority. A Data 
Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant 
leVel. 

For every Data Frame there is an unique 
transmitter. For reasons of compatibility with 
other CAN-bus controllers, use of the 
Identifier bit pattern ID = lllllllXXXXt, (X 
being bits of arbitrary level) is forbidden. 

The number of available different Identifiers is 
2032 (211 - 2"'). 

Coding I Decoding 
The following bit fields are coded using the 
bit-stuffing technique: 

• Start-of-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence 

When a transmitting CAN Controller detects 
five consecutive bits of identical polarity to be 
transmitted, a complementary (stuff) bit is 
inserted into the transmitted bit-stream. 

When a receiving CAN Controller has 
monitored five consecutive bits with identical 
polarity in the received bit streams of the 
above described bit fields, it automatically 
deletes the next received (stuff) bit. The level 
of the deleted stuff bit has to be the 
complement of the previous bits; otherwise a 
Stuff Error will be detected and signaled. 

The remaining bit fields or frames are of fixed 
form and are not coded or decoded by the 
method of bit-stuffing. 

The bit-stream in a message is coded 
according to the Non-Retum-to-Zero (NRZ) 
method, i.e., during a bit period, the bit level 
is held constant, either recessive or 
dominant 

Error Signaling 
A CAN Controller which detects an error 
condition, transmits an Error Flag. Whenever 
a Bit Error, Stuff Error, Form Error or an 
Acknowledgement Error is detected, 
transmission of an Error Flag is started at the 
next bit Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit 
following the Acknowledge Delimiter, unless 
an Error Flag for another error condition has 
already started. An Error Flag violates the 
bit-stuffing or corrupts the fixed form bit fields. 
A violation of the bit-stuffing law affects any 
CAN Controller which detects the error 
condition. These devices will also transmit an 
Error Flag. 
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An error~passive CAN Controller which 
detects an error condition, transmits a 
Passive Error Flag. A Passive Error Flag is 
not able to interrupt a current message at 
different CAN Controllers but this type of 
Error Flag may be ignored (overwritten) by 
other CAN Controllers. After having detected 
an error condition, an error~passive CAN 
Controlier will wait for six consecutive bits 
with identical polarity and when monitoring 
them, interpret them as an Error Flag. 

After transmission of an Error Flag, each 
CAN Controller monitors the bus~line until it 
detects a transition from a 
dominant-to-recessive bit level. At this point 
in time, every CAN Controller has finished 
transmitting its Error Flag and all CAN 
Controllers start transmitting seven additional 
recessive bits. 

The message format of a Data Frame or 
Remote Frame is defined in such a way that 
all detectable errors can be signaled within 
the message transmission time and therefore 
it is very simple for the CAN Controllers to 
associate an Error Frame to the 
corresponding message and to initiate 
retransmission of the corrupted message. 

If a CAN Controller monitors any deviation of 
the fixed form of an Error Frame, it transmits 
a new Error Frame. 

Overload Signaling 
Some CAN Controllers (but not the one 
on-chip of the 8XC592) require to delay the 
transmission of the next Data Frame or 
Remote Frame by transmitting one or more 
Overload Frames. The transmission of an 
Overload Frame must start during the first bit 
of an expected Intermission Field. 
Transmission of Overload Frames which are 
reactions on a dominant bit during an 
expected Intermission Field, start one bit after 
this event. 

Though the format of Overload Frame and 
Error Frame are identical, they are treated 
differently. Transmission of an Overload 
Frame during Intermission Field does not 
initiate the retransmission of any previous 
Data Frame or Remote Frame. 

If a CAN Controller which transmitted an 
Overload Frame monitors any deviation of its 
fixed form, it transmits an Error Frame. 

Error Detection 
The processes described in the following 
paragraphs are implemented in the 6XC592's 
on-chip CAN Controlier for error detection. 

Bit Error 
A transmitting CAN Controller monitors the 
bus on a bit-by-bit basis. If the bit level 
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monitored is different from the transmitted 
one, a Bit Error is signaled. The exceptions 
being: 

• During the Arbitration Field, a recessive bit 
can be overwritten by a dominant bit. In 
this case, the CAN Controlier interprets this 
as a loss of arbitration. 

• During the Acknowledge Slot, only the 
receiving CAN Controllers are able to 
recognize a Bit Error. 

Stuff Error 
The following bit fields are coded using the 
bit-stuffing technique: 

• Start-of-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence 

There are two possible ways of generating a 
Stuff Error: 

• A disturbance generates more than the 
allowed five consecutive bits with identical 
polarity. These errors are detected by all 
CAN Controliers. 

• A disturbance falsifies one or more of the 
five bits preceding the stuff bit. This error 
situation is not recognized as a Stuff Error 
by the receivers. Therefore, other error 
detection processes may detect this error 
condition such as: CRG check, format 
violation at the receiving CAN Controllers 
or Bit Error detection by the transmitting 
CAN Controller. 

eRC Error 
To ensure the validity of a transmitted 
message ali receivers perform a CRC check. 
Therefore, in addition to the (destuffed) 
information digits (Start-of-Frame up to Data 
Field), every message includes some control 
digits (CRC Sequence; generated by the 
transmitting CAN Controller of the respective 
message) used for error detection. 

The code used by all CAN Controllers is a 
(shortened) BCH code, extended by a parity 
check and has the following attributes: 

• 127 bits as maximum length of the code 

• 112 bits as maximum number of 
information digits (maximum 63 bits are 
used by the CAN Controller) 

• Length of the CRC Sequence amounts to 
15 bits 

• Hamming distance d=6. 

As a result, (d-l) random errors are 
detectable (some exceptions exist). 

The CRC Sequence is determined 
(calculated) by the following procedure. 
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1. The destuffed bit stream consisting of 
Start-of-Frame up to the Data Field (if 
present) is interpreted as polynomial with 
coefficients 0 or 1. 

2. This polynomial is divided (modulo-2) by 
the following generator polynomial, which 
includes a parity check: 

f{X) = (X'4 + X9 + X8 + X6 + X5 + X4 + X2 
+ X + 1) (X + 1) = ll0001011001100lb. 

3. The remainder of this polynomial division 
is the CRC sequence. 

Burst errors are detected up to a length of 15 
[degree of f{X)]. Multiple errors (number of 
disturbed bits at least d~6) are not detected 
with a residual error probability of 

Z-15 (~3'10-5) by CRC check only. 

Form Error 
Form Errors result from violations of the fixed 
form of the following bit fields: 

• CRC Delimiter 

• Acknowledge Delimiter 

• End-of-Frame 

• Error Delimiter 

• Overload Delimiter 

During the transmission of these bit fields an 
error condition is recognized if a dominant bit 
level instead of a recessive one is detected. 

Acknowledgement Error 
This is detected by a transmitter whenever it 
does not monitor a dominant bit during the 
Acknowledge Sial. 

Error Detection by an Error Flag of 
another CAN Controller 
The detection of an error is signaled by 
transmitting an Error Flag. An Active Error 
Flag causes a Stuff Error, a Bit Error or a 
Form Error at all other CAN Controllers. 

Error Detection Capabilities 
Errors which occur at all CAN Controliers 
(global errors) are 100% detected. For local 
errors, i.e., for errors occurring at some CAN 
Controllers only, the shortened BCH code, 
extended by a parity check, has the following 
error detection capabilities: 

• Up to five single Bit Errors are 100% 
detected, even if they are distributed 
randomly within the code 

• All single Bit Errors are detected if their 
total number (within the code) is odd 

• The residual error probability of the CRC 

check amounts to 3·10-"-
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Error Confinement (definitions) 

Bus-Off 
A CAN Controller which has too many 
unsuccessful transmissions, relative to the 
number of successful transmissions, will 
enter the Bus..Qff state. It remains in this 
state, neither receiving nor transmitting 
messages until the Reset Request bit is set 
LOW (absent) and both Error Counters set 
toO. 

Acknowfedge (ACK) 
A CAN Controller which has received a valid 
message correctly, indicates this to the 
transmitter by transmitting a dominant bit 
level on the bus during the Acknowledge Slot, 
independent of accepting or rejecting the 
message. 

Error-Active 
An error-active CAN Controller in its normal 
operating state is able to receive and to 
transmit normally and also to transmit an 
Active Error Flag. 

Error-Passive 
An error-passive CAN Controller may 
transmit or receive messages normally. In the 
case of a detected error condition it transmits 
a Passive Error Flag instead of an Active 
Error Flag. 

Hence the influence on bus activities by an 
error-active CAN Controller (e.g., due to a 
malfunction) is reduced. 

Suspend Transmission 
After an error-passive CAN Controller has 
transmitted a message, it sends eight 
recessive bits after the Intermission Field and 
then checks for Bus-Idle. If during Suspend 
Transmission another CAN Controller starts 
transmitting a message the suspended CAN 
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Controller will become the receiver of this 
message; otherwise being in Bus-Idle it may 
start to transmit a further message. 

Start-Up 
A CAN Controller which either was switched 
off or is in the Bus-Off state, must run a 
Start-Up routine in order to: 

• Synchronize with other available CAN 
Controllers before starting to transmit. 
Synchronization is achieved, when 11 
recessive bits, equivalent to Acknowledge 
Delimiter, End-of-Frame and Intermission 
Field, have been detected (Bus-Free). 

• Wait for other CAN Controllers without 
passing into the Bus..Qff state (due to a 
missing acknowledge), if there is no other 
CAN Controller currently available. 

Aims of Error Confinement 

Distinction of Short and Long Lasting 
Disturbances 
The CPU must be informed when there are 
long-lasting disturbances and when bus 
activities have returned to normal operation. 

During long-lasting disturbances, a CAN 
Controller enters the Bus-Off state and the 
CPU may use default values. 

Minor disturbances of bus activities will not 
affect a CAN Controller. In particular, a CAN 
Controller does not enter the Bus-Off state or 
inform the CPU of a short-lasting bus 
disturbance. 

Detection and Localization of Hardware 
Disturbance and Defects 
The rules for error confinement are defined 
by the CAN protocol specification (and 
implemented in the 8XC592's on-chip CAN 
Controller), in such a way that the CAN 
Controller, being nearest to the error-locus, 
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reacts with a high probability the quickest 
(i.e., becomes error-passive or Bus..Qff). 
Hence errors can be localized and their 
influence on normal bus activities is 
minimized. 

Error Confinement 
All CAN Controllers contain a Transm~ Error 
Counter and a Receive Error Counter, which 
registers errors during the transmission and 
the reception of messages, respectively. 

If a message is transmitted or received 
correctly, the count is decreased. In the event 
of an error, the count is increased. The Error 
Counters have an non-proportional method of 
counting: an error causes a larger counter 
increase than a correcdy transmitted/received 
message causes the count to decrease. Over 
a period of time this may result in an increase 
in error counts, even if there are fewer 
corrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the 
relative frequency of disturbances. The ratio 
of increase/decrease depends on the 
acceptable ration of invalid/valid messages 
on the bus and is hardware implemented to 
eight. 

If one of the Error Counters exceeds the 
Warning Umit of 96 error points, indicating a 
significant accumulation of error conditions, 
this is signaled by the CAN Controller (Error 
Status, Error Interrupt). 

A CAN Controller operates in the error-active 
mode until it exceeds 127 error points on one 
of its Error Counters. At this point it will enter 
the error-passive state. 

A transmit error which exceeds 255 error 
points results in the CAN Controller entering 
the Bus-Off state. 
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INTERRUPT SYSTEM 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. Interrupt response latency is from 
2.25~ to 7.S!!s when using a 16MHz crystal. 
The latency time depends on the sequence of 
instructions executed directly after an 
interrupt request During a CAN-DMA transfer 
the interrupt system is disabled. The 8XCS92 
acknowledges interrupt requests from fifteen 
sources as follows: 

• 1Nm and 1l'lTT: externally via pins 27 and 
28 respectively 

• 1Imer 0 and 1Imer 1: Irom the two internal 
counters 

• 1Imer T2 (8 separate interrupts): 4 capture 
interrupts, 3 compare interrupts and an 
overflow interrupt 

• ADC end-ol-conversion interrupt 

• CAN Controller interrupt 

• UART serial I/O port interrupt. 

Interrupt Enable Registers 

IE~(A8H) 

76543210 

1~1~1~1~lml=I~I~1 

Bit Symbol Function 
IENO.7 EA General enable/disable 

IENO.6 EAD 
IENO.S ESl 
IENO.4 ESO 

IENO.3 ETl 
IENO.2 EXl 
IENO.l ETO 
IENO.O EXO 

control 
o ~ No interrupt is 

enabled 
1 ~ Any individually 

enabled interrupt will 
be accepted 

Enable ADC interrupt 
Enable SIOl (CAN) interrupt 
Enable Sioo (UART) 
interrupt 
Enable Timer 1 interrupt 
Enable External 1 interrupt 
Enable Timer 0 interrupt 
Enable External 0 interrupt 
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lEN, (EOH) 

76543210 

I ET2 I ECM21ECM11ECMOI ECT31 ECT2I ECT1I ECTOI 
Bit Symbol Function 
IEN1.7 ET2 Enable T2 overflow 

interrupt(s) 
lEN 1.6 ECM2 Enable T2 comparator 2 

interrupt 
lEN 1.5 ECMl Enable T2 comparator 1 

interrupt 
lEN lA ECMO Enable T2 comparator 0 

interrupt 
IEN1.3 ECT3 Enable T2 capture register 3 

interrupt 
IEN1.2 ECT2 Enable T2 capture register 2 

interrupt 
IENl.l ECTl Enable T2 capture register 1 

interrupt 
IEN1.0 ECTO Enable T2 capture register 0 

interrupt 

Where: 0 ~ interrupt disabled. 
1 ~ interrupt enabled. 

IPO (88H) 

76543210 

I - 1~1~1_lml~I~I_1 
Bit 
IPO.7 
IPO.6 
IPO.5 

IPOA 

IPO.3 

IPO.2 

IPO.l 

IPO.O 

Symbol Function 
Unused 

PAD ADC interrupt priority level 
PSl SIOl (CAN) interrupt priority 

level 
PSO Sioo (UART) interrupt 

priority level 
PTl 1Imer 1 interrupt priority 

level 
PXl External interrupt 1 priority 

level 
PTa Timer 0 inlerrupt priority 

level 
PXO External interrupt 0 priority 

level 
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IP, (FBH) 

76543210 

I PT21 PCM2IpCM1\PCMO\ PCT3\PCT2\ pcn\ PCTO\ 
Bit 
IP1.7 

IP1.6 

IP1.5 

IP1.4 

IP1.3 

IP1.2 

IP1.1 

IP1.O 

Symbol 
PT2 

PCM2 

PCMl 

PCMO 

PCT3 

PCT2 

PCTl 

PCTO 

Function 
T2 overflow interrupt(s) 
priority level 
T2 comparator 2 priority 
interrupt level 
T2 comparator 1 priority 
interrupt level 
T2 comparator 0 priority 
interrupt level 
T2 capture register 3 priority 
interrupt level 
T2 capture register 2 priority 
interrupt level 
T2 capture register 1 priority 
interrupt level 
T2 capture register 0 priority 
interrupt level 

Where: 0 ~ interrupt disabled. 
1 = interrupt enabled. 

Table 10 shows the interrupt vectors. The 
vector indicates the Program memory 
location where the appropriate interrupt 
service routine starts. 

Table 10, Interrupt Vectors 
SOURCE VECTOR 

External 0 XO 0003H 
Timer 0 overflow TO OOOBH 
External 1 Xl 0013H 
Timer 1 overflow Tl 00lBH 
Serial 110 0 (UART) SO 0023H 
Serial 110 1 (CAN) Sl 002BH 
T2 capture 0 CTa 0033H 
T2 capture 1 CTl 003BH 
T2 capture 2 CT2 0043H 
T2 capture 3 CT3 004BH 
ADC completion ADC 0053H 
T2 compare 0 CMO OOSBH 
T2compare 1 CMl 0063H 
T2compare 2 CM2 006BH 
T2overflow T2 0073H 

Interrupt Priority 
Each interrupt source can be iether high 
priority or low priority. II both priorities are 
requested simultaneously, the processor will 
branch to the highy priority vector. If there are 
simultaneous requests from sources of the 
same priority, then interrupts will be serviced 
in the following order: xa, Sl, ADC, TO, CTO, 
CMO, Xl, CTl, CM1, Tl, CT2, CM2, SO, 
CT3, T2. 

A low priority interrupt routine can only be 
interrupted by a high priority interrupt. A high 
priority interrupt routine cannot be interupted. 
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Table 11. Status of External Pins During Sleep, Idle and Power-Down Modes 

MODE 
PROGRAM 

ALE !'SEN PORTO PORT 1 PORT 2 PORT 3 PORT 4 PWMOI 
MEMORY PWM1 

Idle Internal 1 1 Port Data Port Data Port Data Port Data Port Data High 

Idle External 1 1 Float Port Data Address Port Data Port Data High 

Power-down Internal 0 0 Port Data Port Data Port Data Port Data Port Data High 

Power-down External 0 0 Float Port Data Port Data Port Data Port Data High 

NOTE: 
If the port pins P 1.6 and PI.? are used as the CAN transmitter outputs (CTXO and CTX1), then during Sleep and Power-down mode these pins 
output a "recessive" level. 

POWER REDUCTION MODES 
The 8XCS92 has three software-selectable 
modes to reduce power consumption. These 
are: 

• Sleep mode, affecting the CAN Controller 
only 

• Idle mode, affecting the 
- CPU (halted) 
- Timer 2 (stopped and reset) 
- PWMO, PWMI (reset, output = HIGH) 
- ADC (aborted if in progress) 

• Power-down mode, affecting the whole 
8XCS92 device. 

CAN Sleep Mode 
In order to reduce power consumption of the 
P8XCS92 the CAN Controller may be 
switched off (disconnecting the internal clock) 
by setting the CAN Command Register bit 4 
(Sleep) HIGH. The CAN Controller leaves 
this Sleep mode by detecting either activity 
on the CAN-bus (dominant bit-level on 
CRXO/CXR1) or by setting the Sleep bit to 
LOW. 

As the CPU cannot only write to the Sleep bit, 
but can also read it, the CAN Controller 
status can be determined directly. 

Idle Mode 
The instruction that sets PCON.O is the last 
one executed in the normal operating mode 
before Idle mode is activated. Once in the 
Idle mode, the CPU status is preserved in its 
entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, RAM 
and all other registers maintain their data 
during Idle mode. The status of the external 
pins during Idle mode is show in Table 12. 

There are three ways to terminate the Idle 
mode: 

Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware, provided 
that the interrupt source is active during Idle 
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mode. After the interrupt is serviced, the 
program continues with the instruction 
immediately after the one, at which the 
interrupt request was detected. 

The flag bits GFO and GFI may be used to 
determine whether the interrupt was received 
during normal execution or during the Idle 
mode. For example, the instruction that writes 
to PCON.O can also set or clear one or both 
flag bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

Another way of terminating the Idle mode is 
an external hardware reset. Since the 
oscillator is still running, the reset signal is 
required to be active only for 2 machine 
cycles (24 oscillator periods) to complete the 
reset operation. 

The third way is the internally generated 
watchdog reset after an overflow of Timer 3. 

Power-down Mode 
The instruction that sets PCON.l to HIGH, is 
the last one executed before entering the 
Power-down mode. In Power-down mode the 
oscillator of the P8XCS92 is stopped. If the 
CAN Controller is in use, it is recommended 
to set it into Sleep mode before entering 
Power-down mode. However, setting 
PCON.l to HIGH also sets the Sleep bit 
(CAN Controller Command Register bit 4) to 
HIGH. 

The P8XC592 leaves Power-down mode 
either by a hardware reset or by a CAN 
Wake-up interrupt (due to activity on the CAN 
bus), ifthe SIOI (CAN) interrupt source is 
enabled (oontents of register IENO = 
1 xl xxxxxb). A hardware reset affects the 
whole P8XCS92, but leaves the oontents of 
the on-chip RAM unchanged (CAN Controller 
and CPU's Special Function Registers are 
reset). A CAN Wake-up interrupt during 
Power-down mode causes a reset output 
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pulse with a width of 6144 machine cycles 
(4.6ms with fCLK=16MHz). All hardware 
except from the CAN Controller of the 
P8XCS92 is reset (the contents of all CAN 
Controller registers are preserved). 

Note that a capacitance connected to the 
RST pin could lengthen the internally 
generated reset pulse. If the pulse exceeds 
8192 machine cycles, the CAN Controller 
part is reset too. 

RESET 
A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods). The CPU responds by 
executing an internal reset. During reset ALE 
and I'SElIf output at a HIGH leveL In order to 
perform a correct reset, this level must not be 
affected by external elements. 

Also with the P8XCS92, the RST line can be 
pulled HIGH internally by a pull-up transistor 
activated by the watchdog timer T3. The 
length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

During Power-down a reset could be 
generated internally via the CAN Wake-up 
interrupt. Then the RST pin is pulled HIGH for 
6144 machine cycles. In this case the CAN 
Controller is not reset. 

If the watchdog timer or the CAN Wake-up 
interrupt is used to reset external devices, the 
usual capacitor arrangement for power-on 
reset should not be used. However, the 
internal reset is forced, independent of the 
external level on the RST pin. 

The Main RAM and AuxRAM are not 
affected. When VDD is turned on, the RAM 
content is indeterminate. 
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Table 12. 
After a reset the internal registers have the following contents: 

(CPU PART) REGISTER 7 6 5 4 3 2 1 0 

ACC 0 0 0 0 0 0 0 0 
ADCO X X 0 0 0 0 0 0 
ADCH X X X X X X X X 
B 0 0 0 0 0 0 0 0 
CMLO-CML2 0 0 0 0 0 0 0 0 
CMHO-CMH2 0 0 a a a a a 0 
CTCON a 0 0 0 0 0 0 0 
CTLO-CTL3 X X X X X X X X 
CTHO-CTH3 X X X X X X X X 
DPL 0 0 0 0 a 0 0 0 
DPH 0 0 0 a a 0 a 0 
lENa 0 0 0 0 0 0 0 0 
lEN 1 0 0 0 0 0 0 a a 
IPa X 0 0 a 0 0 0 0 
IPI a a 0 0 0 0 a 0 
PCH 0 0 0 a a 0 a 0 
PCL 0 0 0 0 0 0 0 0 
PCON 0 X X a 0 0 0 0 
PSW 0 a 0 a 0 0 0 0 
PWMO 0 0 0 0 0 a 0 a 
PWMI 0 0 0 0 0 0 0 0 
PWMP 0 0 0 0 0 a a 0 
PO-P4 1 1 1 1 1 1 1 1 
P5 X X X X X X X X 
RTE 0 0 0 0 0 0 0 0 
saBUF X X X X X X X X 
saCON a a 0 0 0 0 0 0 
CANSTA 0 0 0 0 1 1 0 0 
CAN CON X X X 0 0 0 0 0 
CANDAT X X X X X X X X 
CANADR 0 X 1 0 0 1 0 0 
SP 0 0 0 0 0 1 1 1 
STE 1 1 0 0 0 0 0 0 
TCON 0 0 0 0 0 0 0 0 
THO,THI 0 0 0 0 0 0 0 0 
TMH2 0 0 0 0 0 0 0 0 
TLO, TLI 0 0 0 0 0 0 0 0 
TML2 0 0 0 0 0 0 0 0 
TMOD 0 0 0 0 0 0 0 0 
TM2CON 0 0 0 0 0 0 0 0 
TM21R 0 0 0 0 0 0 0 0 
T3 0 0 0 0 0 0 0 0 

(CAN PART) REGISTER 7 6 5 4 3 2 1 0 

CR 0 X 1 X X X X 1 
CMR 1 1 X 0 X X X X 
SR 0 0 0 0 1 1 0 0 
IR X X X 0 0 0 0 0 
ACR X X X X X X X X 
AMR X X X X X X X X 
BTRO X X X X X X X X 
BTR 1 X X X X X X X X 
OCR X X X X X X X X 
TR X X X X X X X X 
TXB 10-19 X X X X X X X X 
RXB20-29 X X X X X X X X 

NOTE: 
X = Undefined State 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

RATING 

PARAMETER MIN MAX UNIT 

Storage temperature range --65 +150 °c 
Voltage on FliNpp to Vss -0.5 +13 V 

Power dissipation (based on package heat transfer limitations, not device power con- 1.0 W 
sumption) 

Voltage on VOD pin -0.5 +6.5 V 

Input voltage on any pin except from CTXO, CTX1, CRXO and CRX1 -0.5 Voo+D·5 V 

Input output current on any I/O pin except fro CTXO and CTX 1 - 10 rnA 

Sink current of CTXO, CTX1 together - 30 rnA 

Source current of CTXO, CTX1 together - 20 rnA 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes cirCUitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tani:> =-40oC to +B5°C (B3C592FFA, B7C592EFA), Tani:> =-40oC to +125°C (B3C592FHA); Voo, AVoo = 5V ±10%, vss, AVss = OV 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYPICAL MAX UNIT 

Voo Supply voltage 4.5 5.5 V 

Supply current: 

100 operating fClK = 16MHz - 50 rnA 
110 Idle mode felK = 16MHz - 15 mA 

lis Idle and Sleep mode fClK = 16MHz - 10 mA 
Ipo Power-down mode (B3C592 FHA) Note 4 150 JlA 
Ipo Power-down mode (8XC592 xFx) Note 4 100 JlA 
Inputs 

Vil Input low voltage, except EA, CRXO, CRXI -{l.5 0.2Vo~·1 V 

VIL1 Input low voltage to EA -{l.5 0.2Voo-{l·3 V 

VIH Input high voltage, 
0.2Voo+0.9 Voo+D·5 V except XTAl1, RST, CRXO, CRXI 

VIH1 Input high voltage, XTAL 1, RST 0.7Voo Voo+0.5 V 

-Ill Input current Low, ports 1, 2, 3, 4 VIN = 0.45V -50 JlA 

-ITL High-to-Low transition current, ports 1, 2, 3, 4 VI = 2.0V/0.45V -S50 JlA 

±11L1 Input leakage current, port 0, EA, STADC, EW 0.45V<VI<Voo 10 JlA 

±lll2 Input leakage current, port 5 0.45V<VI<Voo 1 JlA 

Outputs 

VOL Output low voltage, fOrts 1, 2,3, 4, 
IOl = 1.6mA2 0.45 V except Pl.6, Pl.P, 

VOL1 Output low voltage, port 0, ALE, l'SEN, l'WfJO, 
PWIiiIT, P1.6, Pl.75, 6 IOl =3.2mA2 0.45 V 

VOH Output high voltage, ports 1, 2, 3, 4 -loH = 60JlA 2.4 V 
-IOH = 25JlA 0.75Voo V 
-loH = 10JlA 0.9Voo V 

VOH1 Output high voltage (port 0 in external bus mode, ALE, -loH = 400JlA 2.4 V 
!'SEN, l'WfJO, PWIiiIT)3 -IOH = 150JlA 0.75Voo V 

-IOH = 40JlA 0.9Voo V 

VOH2 High level output voltage (RST) -loH = 400JlA 2.4 V 
-IOH = 120JlA O.BVoo 

RRST Internal reset pull-down resistor 50 150 kQ 

CIO 1/0 buffer pin capacitance Test Ireq = 1 MHz, 
10 pF 

Tamb = 25°C 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Tamb =-40°C to +85°C (83C592FFA 87C592EFA) Tamb =-400 C to +1250 C (83C592FHA); Voo. AVoo = 5V±10%. vss. AVss = OV 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYPICAL MAX UNIT 

Analog Inputs 

AVoo Analog supply voltage7 AVoo = Voo±O.2V 4.5 5.5 V 

Aloo Analog supply current: Port 5 = AVDO 
Operating 2.5 rnA 
Idle mode 2.5 rnA 

AilS Idle and sleep mode 83C592FHA 400 !1A 
8XC592xFx 350 !1A 

Alpo Power-down mode 83C592FHA 400 flA 
8XC592xFx 350 !1A 

AVIN Analog input voltage AVss-f1·2 AVoo+0.2 V 

AVREF Reference voltage: 
AVREF_ AVss-f1·2 V 
AVREF+ AVoo+0.2 V 

RREF Resistance between AVREF+ and AVREF- 10 50 k.Q 

CIA Analog input capacitance 15 pF 

tAOS Sampling time 8leY Jls 

tADC Conversion time (including sampling time) SOley Jls 

DLe Differential non-linearity8.9. 10 ±1 LSB 

ILe Integral non-linearity8, 11 ±2 LSB 

OS. Offset errorS. 12 ±2 LSB 

G. Gai n errorS. 13 ±0.4 % 

A. Absolute Voltage ErrorS. 14 ±3 LSB 

MeTe Channel to channel matching ±1 LSB 

Ct Crosstalk between Port 5 inputs9 0-lOOkHz --BO dB 

CAN 

CAN input comparator (CRXO. CRX1) AVoo =5V±S% 
1.4V<VI<AVoo-l.4V 

±VOIF Differential input voltage 15 32 - mV 

VHYST Hysteresis voltage 15 8 30 mV 

±II Input current - 400 nA 

CAN output driver Voo = 5V± 5% 

VOLT CTXO. CTX1. output voltage LOW 10= 1.2mA'5 - 0.1 V 
10= lOrnA - 0.6 V 

VOHT CTXO. CTX1. output voltage HIGH 10 = 1.2mA'5 Voo-O.l - V 
10 = -1OmA'6 Voo -0.6 - V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
T arm = -400C to +8S0C (83CS92FFA, 87CS92EFA), T arm = -40°C to + t2S0C (83CS92FHA); veo, AVoo = SV ±1 0%, vss, AVss = OV 

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN TYPICAL MAX UNIT 

Reference 

Reference AVoo=SV±S% 

VREFOUT REF output voltage 15 -O.lmA<IL<D·lmA; AVool2-O.0S AVool2+0.0S V 
(bit Reference Active = HIGH) CL = 10nF 

±IREFIN REF input current I.SV<VREFIN< - 10 !1A 
(bit Reference Active = LOW) AVoo-l.SV 

NOTES TO THE DC ECLECTRICAL CHARACTERISTICS: 
1. The operating current is measured with all output pins unloaded; XTAU is driven with tR = IF = IOns; VIL = Vss + O.SV; VIH = Voo - O.SV;· 

81: = RST = Port 0 = P I.S = PI. 7 = EW = Voo; STADC = Vss; CRXO = 2.7V; CRXI = 2.3V. 
2. The idle mode supply current is measured with all output pins unloaded; XTAL1 is driven with tR = tF = IOns; V1L = Vss + O.SV; 

V1H = Voo - o.SV; Port 0 = Pl.S = Pl.7 = EW = Voo; 81: = RST = STADC = Vss; CRXO = 2.7V; CRXI = 2.3V. 
3. The idle and sleep mode supply current is measured with all output pins unloaded; XTAL 1 is driven with tR = IF = IOns; V1L = Vss + O.SV; 

V1H = Voo - O.SV; Port 0 = Pl.S = Pl.7 = EW = CRXO = Voo; 81: = RST = STADC = CRXI = Vss; CAN: register S: = OOH, register 7: = 12H, 
register 8: = 02H, register 0: = 20H, wait 151ey, register 1: = 10H, wait for bit Sleep = 1. 

4. The power-down current is measured with all output pins unloaded; Port 0 = Pl.S = Pl. 7 = EW = CRXO = Voo; . 
X'TACf = 81: = RST = STADC = CRXI = Vss. Windowed devices must have the window covered during testing. 

5. Under steady state (non-transient) conditions, IOL must be limited externally as follows: 
Maximum IOL per 8 bit port 

- Port 0: 2SmA 
-Portl: 32mA 
- Ports 2, 3, and 4: ISmA 

Maximum IOL for all output pins: 71 rnA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

S. Capacitive loads on PortO and Port2 may degrade the LOW level output voltage of ALE, Portl and Port2. During a l-to-O transition on the 
PortO and Port2 pins and a capacitive load> 100pF, the ALE LOW level may exceed 0.8V. In that case, it is necessary to connect ALE to a 
Schmitt trigger input respectively use an address latch with a Schmitt trigger STROBE input. 

7. Capacitive loads on PortO and Port2 may cause a HIGH level output voltage degradation of ALE and PSEIiI below 0.9 Voo during the 
address bits are stabilizing. 

8. AVREF+ = S.12V; AVREF- = OV; AVoo = S.OV. 
9. The differential non-linearity (DL.) is the difference belWeen the actual step width and the ideal step width. 
10. The ADC is monotonic, there are no missing codes. 
11. The integral non-linearity (ILe) is the peak difference belWeen the center of the steps of the actual and the ideal transfer curve after 

appropriate adjustment of gain and offset error. 
12. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve after remiving gain error, and a 

straight line which fits the ideal transfer curve. The offset error is constant at every point olthe actual transfer curve. 
13. The gain error (G.) is the relative difference in percent between the straight line fitting the actual transfer curve after removing offset error 

and the straight line which fits the ideal transfer curve. The gain error is constant at every point on the transfer curve. 
14. The absolute voltage error (Ao) is the maximum difference belWeen the center of the steps of the actual transfer curve of the not calibrated 

ADC and the ideal transfer curve. 
15. Not tested during production. 
IS. Source current for the CTXO, CTXl outputs together. 
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AC ELECTRICAL CHARACTERISTICS 
T amb - -4OOC to +85°C, voo, AVoo = 5V ±10%, vss, AVss - OV 

VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX UNIT 

ll1cLK 7 Oscillator frequency 1.2 16 MHz 

It.HLL 7 ALE pulse width 2tcL~ ns 

!AVLL 7 Address valid to ALE low Ict.K-S5 ns 

tLLAX 7 Address hold aiter ALE low Ict.~ ns 

It.uv 7 ALE low to valid instruction in 4tcL"I00 ns 

It.LPL 7 ALE low to PSEliIlow ~ ns 

IpLPH 7 PSEliI pulse width 3feL1(""""45 ns 

Ipuv 7 PSEliIlow to valid instruction in 3feL,,105 ns 

IpXIX 7 Input instruction hold after PSEliI 0 ns 

IpXIZ 7 Input instruction float aiter PSEliI feL,,25 ns 

!AVIV 7 Address to valid instruction in 5fel,,105 ns 

IpLAZ 7 PSEliIlow to address float 10 ns 

Data Memory 

tAVlL 8,9 Address valid to ALE low Ict.I(""""55 ns 

tRLRH 8,9 Tm pulse width 6feL,,100 ns 

tWLWH 8,9 WR pulse width 6feL,,100 ns 

tRLDV 8,9 Tm low to valid data in 5feL"I65 ns 

tRHDX 8,9 Data hold aiter Tm 0 ns 

tRHDZ 8,9 Data float after Tm 2tcLK""""70 ns 

tllDV 8,9 ALE low to valid data in 8fel,,150 ns 

tAVDV 8,9 Address to valid data in 9tcL,,165 ns 

tllWL 8,9 ALE low to Tm or WR low 3feL~ 3felK+50 ns 

tAVWL 8,9 Address valid to WR low or Tm low 4fel,,130 ns 

tavwx 8,9 Data valid to WR transition felK~ ns 

tWHQX 8,9 Data hold aiter WR Ict.~ ns 

tRlAZ 8,9 Tm low to address float 0 ns 

tWHlH 8,9 Tm or WR high to ALE high Ict.~ feLK+40 ns 

External Clock 

feHCX 11 Hightime3 20 ns 

feLCX 11 Lowtime3 20 ns 

feLCH 11 Rise time3 20 ns 

feHCL 11 Fall time3 20 ns 

UART TIming in Shift Register Mode 

tXlXl 10 Serial port clock cycle time3 12feLK 1'5 

taVXH 10 Output data setup to clock rising edge 10feLK""""133 ns 

tXHQX 10 Output data hold aiter clock rising edge 2tcLK""""117 ns 

tXHDX 10 Input data hold after clock rising edge 0 ns 

tXHDV 10 Clock rising edge to input data valid 1 Ofcl,,133 ns 

CAN Input Comparator I Output Driver (AVDD = 5V ± 5%) 

Iso 
Sum of input and output delay 

- 60 ns 
(VOIF = ± 32mV; 1.4V < VI < AVoo -1.4V) AVoD = 5V ± 5% 

NOTES: 
1. Parameters are valid over operating tep~Nture range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and = 100pF, load capacitance for all other outputs = 80pE 
3. These values are characterized but not 1 00% production tested. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. the designations are: 
A-Address 
C-Clock 
D-Inputdata 
H - Logic level high 
I - I nstruciton (program memory contents) 
L - Logic level low, or ALE 
P-PSEN 

ALE 

PSER 

PORTO 

PORT 2 

ALE " 

PSER 

Q - Output data 
R-RUsignal 
t -Time 
V - Valid 
W-WRsignal 
X - No longer a valid logic level 
Z -Float 
Examples: tAVLL = Time for address valid to 

ALE low. 
It.LPL = Time for ALE low to 

I'SENlow. 

Figure 7. External Program Memory Read Cycle 

~tWHLH-

tLLDv ~I 
-tLLWL tRLRH 

Rtf 

" 

AD-A7 

V 

tAVLL 

~ 
!--tRLDV- 11-- ~ tRHDZ 

tRLAZ 
tRHDX -. 

~ Ao-A7 
DATA IN ,,'-'- / 

AO-A7 FROM pel FROM RI OR DPL 'I /// '-
PORTO 

f.------ tAVWL -

tAVDV 

PORT 2 )< P2.O-P2. 7 OR AB-A 15 FROM DPH AO-A 15 FROM PCH 

Figure 8. External Data Memory Read Cycle 
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ALE 

" V 

I--tWHlH -+ 

I+----- ILLWL tWLWH 

WR 

../ 
tLLAX 

~ -to I-- IWHQX IAVLL tovwx 

PORTO ~ FROM~~DPL i>< DATA OUT K M-A7 FROM PCL INSTRIN 

--IAVWL-

PORT 2 )< P2.1J.P2.7 OR A8-AtS FROM DPH AII-AtS FROM PCH 

Figure 9. External Data Memory Write Cycle 

INSTRUCTION o 5 8 

ALE 

CLOCK 

OUTPUT DATA , , 

t 
WRITE TO SBUF 

INPUT DATA 

~' 
CLEARRI 

SETRI 

Figure 10. UART Waveforms in Shift Register Mode 

VDI)"4·S - - - - o.7YDD 

O.45V D.2VD~ t 

Figure 11. External Clock Drive 
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VDo-aS ==x >C O.2VDD..o·· 

O.4SV'-,O'_2_V.:D;::0-4'-..I ____ _ 

NOTE: 

VLOAD'----< 

VLOA0-4·1V 

NOTE: 

TI .. NG 
REFERENCE 

POINTS 

VQH-O.1V 

VQL..o.1V 

N:; inputs during testing are driven at VDO -0.5 tor a logic '1' and O.45V for a logic '0', 

lirring measurements are made at VIH min for a logic '1' and V'L max for a logic '0', 

For timing purposes, a port is no longer floating when a l00mV change from load 
voll:age occurs, and begins to float when a 100mV change from the loaded VOt-¥ 
VOL level occurs.IOH/IoL~±20mA. 

Figure 12. AC Testing Input/Output Figure 13. Float Waveform 

IDDmA 
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MAXIMUM OPERATING MODE 
VDD=5.5V 

MAXIMUM OPERATING MODE 
VDD= 4.SV 

MAXIMUM IDLE AND SLEEP MODE 
VDD:5·5V 

MAXIMUM IDLE AND SLEEP MODE 
VDD=4.5V 

Valid only within frequency specifications of the device under tast. Maximum values taken 
at worst case temperature. 

Figure 14. IDD VS. FREQ 
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EPROM CHARACTERISTICS 
The 87C592 is programmed by using a 
modified Quick-Pulse Programming ™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEiPROO pulses. 

The 87C592 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C592 manufactured by Philips. 

Table 13 shows the logic levels for neading 
the signatune byte, and for programming the 
program memory, theencryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 15 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 

QuiCk-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 15. Note that 
the 87C592 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 15. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN, and pins of ports 2 and 3 
specified in Table 13 are held at the "Program 
Code Data" levels indicated in Table 13. The 
ALEiPROO is pulsed low 25 times as shown 
in Figure 16. 

To program the encryption table, repeat the 
25-pulse programming sequence for 

addresses 0 through 1 FH, using the 'Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25-pulse 
programming sequence using the "Pgm Lock 
Bit" levels. After one lock bit is programmed, 
further programming of the oode memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the El\Npp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 17. The other pins are held at the 
"Verify Code Data" levels indicated in 
Table 13. The contents of the address 
location will be emitted on port O. External 
pull-ups are required on port 0 for this 
operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly deoode the verification data. The 
encryption table itself cannot be nead out. 

Table 13. EPROM Programming Modes 
MODE RST PSEfl ALEIPROO EAiVpp P2.7 

Read signagure 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O' Vpp 1 

Pgm lock bit 1 1 0 O· Vpp 1 

Pgm lock bit 2 1 0 o· Vpp 1 

NOTES. 
1. 0 = Valid low for that pin; 1 = valid high for that pin. 
2. Vpp = 12.75V ±o.25V. 

3. Voo = 5V ±10% during programming and verification. 
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Reading the Signature Bytes 
The signature bytes are nead by the same 
procedure as a normal verification of 
locations 030H and 00lH, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = ISH indicates manufactured by 
Philips 

(031 H) = 9CH indicates 87C592 

ProgramNerlfy Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 13, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window_ For elevated 
temperatune or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000j.1W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1 s state. 

P2.6 P3.7 P3_6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

• ALE/P"ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for looj.1S (±10j.1s) and high for a 
minimum of 1Oj.1S. 

™Trademark phrase of Intel Corporation. 
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Figure 17. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb = 21°C to +27"C. VDD = 5V±10%. vss = OV (See Figure 18) 

SYMBOL 

Vpp 

Ipp 

ll1cLK 

tAVGL 

IGHAx 

IovGL 

IGHDX 

IEHSH 

IsHGL 

IGHSL 

IGLGH 

IAvav 

IELOV 

IEHOZ 

IGHGL 

P1.D-Pl.7 
P2.O-P2.S 

PORTO 

AlEiPRtlG 

EJWpp 

P2.7 
EIIlIBIE 

PARAMETER MIN 

Programming supply voltage 12.5 

Programming supply current 

Oscillator frequency 4 

Address setup to PROG low 48lcLK 

Address hold after PROG 48lcLK 

Data setup to PROG low 48lcLK 

Data hold after PROG 48lcLK 

P2.7 (EJiD(B[E) high to Vpp 48IcLK 

Vpp setup to PFlOO low 10 

Vpp hold after PROO 10 

PROOwidth 90 

Address to data valid 

ENAS[E low to data valid 

Data float after ERi!iB[E 0 

PROG high to PROO low 10 

PROGRAMIoING* 

ADDRESS 

--
DATA IN 

tDVGL I- I- --~ IGHDX 

tAVGL ~ tGHAX 

t\~ 
r\ 

IGLGH .... .. tGHGL 

tSHGl fc--. IGHSL 

/ 
V ~ LOGIC, 

lOG/CO 

------------ ... _---------------------------
tEHSH tELQ~ 

"FOR PROGRAMMING SEE FIGURE 15. I 
FOR VERIFICATION CONDITIONS SEE FIGURE 17. 
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MAX UNIT 

13.0 V 

50 rnA 

6 MHz 

J.LS 

J.LS 
110 J.LS 

48lcLK 

48lcLK 

48lcLK 

J.LS 

VERlRCAllON* 

ADDRESS "-
/ 

I+--- tAVQV 

DATA OUT 

LOGIC, 

----------- ------------
tEHOZ 

I 

Figure 18. EPROM Programming and Verification 
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80C51 Family Derivatives 

8XC51 FB OVERVIEW 
The aXC51 FB is a single chip microcontroller 
derivative of the saC51. The aXC51 FB has 
the same instruction set and core architecture 
as the industry standard aOC51. The features 
of the aXC51 FB include the following: 

• aK bytes EPROM 

• 256 bytes RAM 

• Two standard aOC5116-bit Timers 

• One 16-bit Timer 2 

• Programmable Counter Array 

• Enhanced UART 

• Power On Reset Detection Circuit 

• Reduced EMI mode 

• 40-pin DIP, 44-pin PLCC, 44-pin QFP 

Timers 
The aXC51 FB has four on-chip timers. 

Timers 0 and 1 are identical in every way to 
Timers 0 and 1 On the saC51. 

Timer 2 on the aXC51 FB is identical to the 
saC52 Timer 2 (described in detail in the 
saC52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 

programmable Counter Array 
(PCA) 
The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 

f--- 16 BITS ---I 
PCA TIMER/COUNTER 

TIME BASE FOR PeA MODULES 

MODULE FUNCTIONS: 
1&--B1T CAPTURE 
16-BlTTIMER 
1&--B1T IIGH SPEED OUTPUT 
8-BlTPWM 
WATCHDOG TIMER (MODULE' ONLy) 

operate in one of four modes: rising andlor 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to P 1.3{CEXO), 
module 1 to P1.4{CEX1), etc .. The basic 
PCA configuration is shown in Figure 1. 

The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the input on the ECI pin (Pl.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 4): 

CPS1 CPSO 
o 0 
o 1 
1 0 
1 1 

PCA TImer Count Source 
1/12 oscillator frequency 
1/4 oscillator frequency 
Timer 0 overflow 
External Input at ECI pin 

In the CMOD SFR are three additional bits 
associated with the PCA. They are CI DL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 2. 

The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the aXC51 FB 
separately from the PCA (see Figure 12). 

1- 16 BITS -l 
MODULE 0 

MODULE 1 

MODULE 2 

MODULE 3 

MODULE. 

Figure 1. Programmable Counter Array (peA) 
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The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags also 
can only be cleared by software. The PCA 
interrupt system shown in Figure 3. 

Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 6). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare register.The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the eCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare register. 

P1.31CEXD 

P1.41CEX1 

P1.51CEX2 

P1.61CEX3 

P1.7ICEX' 
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Table 1. 8XC51 FB Special Function Registers 

SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 
ADDRESS MSB LSB VALUE 

ACC> Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

AUXR# Auxiliary 8EH - - - - - - - AO xxxxxxxOB 
B> B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

CCAPOH# Module 0 Captuna High FAH xxxxxxxxB 
CCAP1H# Module 1 Capture High FBH xxxxxxxxB 
CCAP2H# Module 2 Captuna High FCH xxxxxxxxB 
CCAP3H# Module 3 Capture High FDH xxxxxxxxB 
CCAP4H# Module 4 Captuna High FEH xxxxxxxxB 
CCAPOl# Module 0 Captune Low EAH xxxxxxxxB 
CCAP1L# Module 1 Capture Low EBH xxxxxxxxB 
CCAP2L# Module 2 Capture Low ECH xxxxxxxxB 
CCAP3l# Module 3 Capture Low EDH xxxxxxxxB 
CCAP4l# Module 4 Captune Low EEH xxxxxxxxB 

CCAPMO# Module 0 Mode DAH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM1# Module 1 Mode DBH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM2# Module 2 Mode DCH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM3# Module 3 Mode DOH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM4# Module 4 Mode DEH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

OF DE DO DC DB DA 09 D8 

CCOW# PCA Counter Control D8H CF CR - CCF4 CCF3 CCF2 CCFl CCFO OOxOOOOOB 
CHI PCA Counter High F9H OOH 
Cl# PCA Counter low E9H OOH 

CMOD# PCA Counter Mode D9H CIDl WDTE - - - CPSl CPSO ECF OOxxxOOOB 

DPTR: Data Pointer (2 bytes) 
DPH Data Pointer High 83H OOH 
DPl Data Pointer low 82H OOH 

AF AE AD AC AB AA A9 AS 

IE' Interrupt Enable ASH EA I EC ET2 ES ETl EXl ETO EXO OOH 

BF BE BD BC BB BA B9 B8 
IP> Interrupt Priority BBH - PPC PT2 PS PTl PXl PTO PXO xOOOOOOOB 

87 86 85 84 83 82 81 SO 
PO> porta SOH AD7 AD6 AD5 AD4 ADa AD2 ADl ADO FFH 

97 96 95 94 93 92 91 90 
Pl> Port 1 90H CEX4 CEX3 CEX2 CEXl CEXO EXI T2EX T2 FFH 

A7 A6 AS A4 A3 A2 Al AO 
P2> Port 2 AOH AD15 AD14 AD13 AD12 ADll AD10 AD9 AD8 FFH 

B7 B6 B5 B4 B3 B2 Bl eo 
P3> Port 3 BOH RD WR Tl TO INTf INTO TxD RxD FFH 

PCON Power Control 87H SMODl SMODO - POFl GFl GFO PD IDl OOxxxxOOB 

> SFRs are bit addressable. 
# SFRs ana modified from or added to the SOC51 SFRs. 
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Table 1. 8XC51FB Special Function Registers (Continued) 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL., OR ALTERNATIVE PORT FUNCTION 

ADDRESS MSB LSB 

07 06 05 D4 03 02 01 DO 

PSW' Program Status Word DOH CY I AC I FO I RSl I RSO I OV I - I P 

RACAP2H# Tamer 2 Capture High CBH 
RACAP2l# Tamer 2 Capture Low CAH 

SAOOR# Slave Address A9H 
SAOEN# Slave Address Mask B9H 

SBUF Serial Data Buffer 99H 

9F 9E 90 9C 9B 9A 99 98 

SCON' Serial Control 98H SMO I SMl I SM2 I REN I TBS I RB8 I TI I RI 

SP Stack Pointer 81H 

8F 8E 80 8C 8B 8A 89 88 

TCON' Tamer Control 88H TFl I TRl I TFO I TRO I IEl I In I lEO I lEO 

CF CE CD CC CB CA C9 C8 

T2CON' Tamer 2 Control C8H TF2 I EXF2 I RCLK I TCLK I EXEN2 I TR2 I CIT2 I CP/RL2 

T2MOO# Tamer 2 Mode Control C9H - I 
THO Tamer High 0 8CH 
THl Tamer High 1 80H 
TH2# Tamer High 2 COH 
TlO Tamer low 0 8AH 
Tl1 Tamer low 1 8BH 
Tl2# Tamer low 2 CCH 

TMOO Tamer Mode 89H GATE I 
C7 

• SFRs are bit addressable. 
# SFRs are modified from or added to the 8OC51 SFRs. 
1. Reset value depends on reset source. 
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- I - I - I - I - I OCEN 

Ml I Me I GATE I CIT I Ml I MO 

C5 C4 C3 C2 Cl CO 

RESET 
VALUE 

OOH 

OOH 
DOH 

OOH 
DOH 

xxxxxxxxB 

OOH 

07H 

OOH 

DOH 

xxxxxxxOB 

DOH 
DOH 
DOH 
DOH 
DOH 
DOH 

DOH 
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OSCI12 

OSCl4 ----IVlOf----<----j 

llMERO 
OVERFLOW 

EXTERNAL INPUT 
(P1.2IEQ) 

IDLE 

PCA llMERICOUNTER 

INTERRUPT 

16-BlT UP COUNTER 

CCON 

L-----~~r-~----~----~----~----~----~----~ (~~ 

Figure 2. PCA limer/Counter 

CCON 

~-r--L-----~--~--~-L--r--L-.r-~-'r-~~~ (~~ 

r.;:;l~ 
UU~ TO 

INTERRUPT 
PRIORITY 
DECODER 

CMOD.O~ CCAP_O I E~~F~ I 
Figure 3. PCA Interrupt System 
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Symbol 

CIDL 

WDTE 

CPS1 

CPSO 

CMOD Address = OD9H Reset Value = OOXX XOOOB 

Bit Addressable 

CIDL WDTE CPS1 CPSO ECF 

Bit: 7 6 5 4 3 2 o 

Function 

Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 

Watchdog Timer Enable: WDTE = 0 disables Watchdog TImer function on PCA Module 4. WDTE = 1 enables it. 

Not implemented, reserved for future use.' 

PCA Count Pulse Select bit 1. 

PCA Count Pulse Select bit o. 
CPS1 CPSO Selected PCA Input" 

o 0 0 Internal clock, Fosc + 12 
o Internal clock, Fosc + 4 

o 2 TImer 0 overflow 
1 3 External clock at ECI/P1.2 pin (max. rate = Fosc + 8) 

ECF PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 

NOTE: 
·User Bottware should not Write Is to reserved bits. These bns may be lISe<! in tuture 8051 family products to invoke new features In that case, the reset 01' inactive value of the new 
bit will be 0, and its aetrva value will be 1. The value read from a reserved bit is indeterminate . 
.. -Fosc = 05allalor frequency 

Symbol 

CF 

CR 

CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

NOTE: 

Figure 4. CMOD: PCA Counter Mode Register 

CCON Address = OD8H Reset Value = OOXO OOOOB 

Bit Addressable 

CF CR CCF4 CCF3 CCF2 CCF1 CCFO 

Bit: 7 6 5 4 3 2 o 

Function 

PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an intenrupt If bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 

PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 
counter off. 

Not implemented, reserved for future use'. 

PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 3 internupt fiag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

·User software should not wnte 15 to reserved bits. These bits may be used in tuture 8051 family products to invoke new features. In that case. the reset or inactive value rJ. the 
new bit will be O. and its active value will be 1. The value read from a reserved bit is indeterminate. 

Figure 5. CCON: PCA Counter Control Register 
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CCON Address CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 

Not Bit Addressable 

OOAH 
OOBH 
OOCH 
OOOH 
OOEH 

8XC51 FB overview 

Reset Value = XOOO 00008 

ECOMn I CAPPn I CAPNn MATn TOGn PWMn I ECCFn 

Symbol 

Bit: 7 6 5 4 3 

Function 

Not implemented, reserved for future use'. 

Enable Comparator. ECOMn = 1 enables the comparator function. 

Capture Positive, CAPPn = 1 enables positive edge capture. 

Capture Negative, CAPNn = 1 enables negative edge capture. 

2 1 0 

ECOMn 

CAPPn 

CAPNn 

MATn Match. When MATn = 1, a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 

TOGn Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture register causes the CEXn 
pin to toggle. 

PWMn 

ECCFn 

Pulse Widlh Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 

Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt. 

NOTE: 
"User software should not wnite 1 s to resenved bits. These brts may be used in future 8051 family products to invoke new featuresln that r:ase, the reset or iinactive value of the 
new bit will be 0, and its aetrva value will be 1. The value read from a reserved bit Is indeterrrinate 

Figure 6. CCAPMn: PCA Modules Compare/Capture Registers 

The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 

There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnl and these are the 
registers that store the 16~bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 

PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and Cl) into the 
module's capture registers (CCAPnl and 
CCAPnH). If the CCFn bit for the module in 
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the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are selthen an interrupt will 
be generated. Refer to Figure B. 

16-bit Software Timer Mode 
The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 

High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 10). 

Pulse Width Modulator Mode 
All of the PCA modules can be used as PWM 
outputs. Figure 11 shows the PWM 
function. The frequency of the output depends 
on the source for the PCA timer. All of the 
modules will have the same frequency of 
output because they all share the PCA timer. 
The duty cycle of each module is 
independently variable using the module's 
capture register CCAPln. When the value of 
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the PCA Cl SFR is less than the value in the 
module's CCAPln SFR the output will be low, 
when it is equal to or greater than the output 
will be high. When Cl overflows from FF to 
00, CCAPln is reloaded with the value in 
CCAPHn. the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 

Enhanced UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the BOC51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The BXC51 FB UART also fully 
supports multiprocessor communication as 
does the standard BOC51 UART. 

When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.7 bit with SMa and the function of 
SCON.7 is determined by PCON.6 (SMOOO) 
(see Figure 13). If SMOOO is set then 
SCON.7 functions as FE. SCON.7 functions 
as SMO when SMODO is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Refer to Figure 14. 
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- ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn MODULE FUNCTION 

X 0 0 0 0 0 0 0 No operation 

X X 1 0 0 0 0 X 16-bit capture by a positive-edge trigger on CEXn 

X X 0 1 0 0 0 X 16-bit capture by a negative trigger on CEXn 

X X 1 1 0 0 0 X 16 bit capture by a transition on CEXn 

X 1 0 0 1 0 0 X 16-bit Software TImer 

X 1 0 0 1 1 0 X 16-bit HighSpeed Output 

X 1 0 0 0 0 1 0 B-bitPWM 

X 1 0 0 1 X 0 X Watchdog TImer 

Figure 7. PCA Module Modes (CCAPMn Register) 

Automatic Address Recognition 
Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcast" address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 

The B bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 

Mode 0 is the Shift Register mode and SM2 
is ignored. 

Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 
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SADDR to create the "IGiven" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 

Slave 0 SADDR 1100 0000 
SADEN 1111 1101 
Given 1100 OOXO 

Slave 1 SADDR 1100 0000 
SADEN 111L.11.1Q 
Given 1100 OOOX 

In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 1100 0010 
since slave 1 requires a 0 in bit 1. A unique 
address for slave 1 would be 1100 0001 since 
a 1 in bit 0 will exclude slave O. Both slaves 
can be selected at the same time by an 
address which has bit 0 = 0 (for slave 0) and 
bit 1 = 0 (for slave 1). Thus, both could be 
addressed with 1100 0000. 

In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 

Slave 0 SADDR 1100 0000 
SADEN 1111 1001 
Given 1100 OXXO 

Slave 1 SADDR 1110 0000 
SADEN 1111 1010 
Given 1110 OXOX 

Slave 2 SADDR 1110 0000 
SADEN 111L.11QQ 
Given 1110 OOXX 
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In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 11100011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 1110 0100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 

The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the 
don't~res as ones, the broadcast address 
will be FF hexadecimal. 

Upon reset SADDR (SFR address 0A9H) and 
SADEN (SFR address OB9H) are leaded with 
Os. This produces a given address of all 
"don't cares" as well as a Broadcast address 
of all "don't cares". this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 8OC51 
type UART drivers which do not make use of 
this feature. 

Reduced EMI Mode 
The AO bit (AUXR.O) in the AUXR register 
when set disables the ALE output. 

6XC51FB Reduced EMI Mode 
AUXR(OX8E) 

I-I-I-I-I-I-I-I~I 
AO: Turns off ALE output. 
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CF CCF2 CCFl CCFO I CCON 
(DaH) CR CCF4 CCF3 

~ 
........ ······rL-----to' 

~-------... PCA INTERRUPT 

(TOCCFn) 

CAPTURE 

ECOMn I CAPPn I CAPNn I MATn TOGn PWMn f.CCFn I CCAPMn. n= 1 to 4 L-____ ~L_ ____ ~ _______ L ______ ~ ______ L_ ___ ~ ____ ~ ____ ~. (DAH-DEH) 

WRITE TO 
CCAPnH RESET 

o o 

Figure 8. PCA Capture Mode 

L-_C_F __ ~ __ C_R_~ ______ ~I_C_C_F4_-LI_C_CF3 __ ~_C_C_F_2 __ ~I_C_C_F_' __ LI_c_c_ro __ ~1 ~ga~~ 

(TOCCFn) 

Figure 9. PCA Compare Mode 
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··l··············r=;" 
~ PCAINTERRUPT 

CCAPMn, n= 1 to 4 
(DAH-DEH) 
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WRITE TO 
CCAPnH RESET 

CF CR 

peA T1MERtCOUNTER 

CCF4 CCF3 

i ... 

(TOCCFn) 

MATCH 

8XC51 FB overview 

CCF2 CCF1 I CCON 
CCFO (DBH) 

. .. + ....................... ;::.=; ..... ' 
~ PCAINTERRUPT 

TOGGLE 

CCAPMn, n: 1 .. 4 
(DAH- DEH) 

CEXn 

Figure 10. PCA High Speed Output Mode 

Figure 11. PCA PWM Mode 
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CCAPtA1,n:L4 
(DH-DEH) 

CEXn 
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Symbol 

FE 

SMa 

SM1 

SM2 

REN 

TBS 

RB8 

TI 

RI 

NOTE: 

ClDL WDTE CPS. cPSO 

MATCH 
I--------------to--o-t---+ RESET 

PCA nUERICOUNTER 

Figure 12. PCA Watchdog Timer 

CCAPM4 
(DEli) 

SCON Address = 98H 

Bit Addressable 

Reset Value = 0000 ooooB 

I SMa/FE I SM1 SM2 REN TBS RBS n RI 

Bit: 7 6 5 4 3 2 o 
(SMODO = 0/1)* 

Function 

Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 

Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMa) 

Serial Port Mode Bit 1 
SMa SM1 Mode Description Baud Rate" 

o 0 0 shift register FoscJ12 
o 1 1 8-bit UART variable 
1 0 2 9-bit UART FoscJ64 or Fosc/32 
1 1 3 9-bit UART variable 

Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RBB) is 1, indicating an address, and the received byte is a Given or Broadcast Address. In Mode 
1, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be O. 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RBB is not used. 

Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any senal transmission. Must be deared by software. 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the Slop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 

'"SMODo is located at PCON6. 
uFosc", oscillator frequency 

Figure 13. ScaN: Serial Port Control Register 
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START DATA BYTE ONLY IN STOP 
BIT MODE 2, 3 BIT 

SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR) 

SMa TO UART MODE CONTROL 

$CON 
~ ____ L-____ ~ __ ~~ __ ~ ____ -L ____ -L ____ ~ __ ~ (~~ 

SMOD1 SMODO 

0: SCON.7 = SMa 
1 : SCON.7 = FE 

OSF POF LVF GFO GF1 

Figure 14. UART Framing Error Detection 

IDL 

RECEIVED ADDRESS Do TO D7 ----1.,------, 
PROGRAMMED ADDRESS COMPARATOR I--------.....J 

IN UART MODE 2 OR MODE 3 AND 5M2 :;;: 1; 

INTERRUPT IF REN:1, RB8=1 AND "REcaVED ADDRESS" = "PROGRAMMED ADDRESS" 
- WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO REcaVE DATA BYTES 
- WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS. 

PCON 
(87H) 

Figure 15. UART Multiprocessor Communication, Automatic Address Recognition 

531 

.I 

SCON 
(98H) 
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DESCRIPTION 
The 87C51 FB Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51 microcontroller family. The 
87CSI FB has the same instruction set as the 
80C51. 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87CSI FB contains 16k x 8 
memory, a volatile 258 x 8 readlwrite data 
memory, four 8-bit I/O ports, three 16-bit 
timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, 
two-priority-Ievel, nested interrupt structure, 
an enhanced UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the 87CSI FB can be 
expanded using standard TTL compatible 
memories and logic. 

Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. It also has a more versatile 
serial channel that facilitates multiprocessor 
communciations. 

ORDERING INFORMATION 

FEATURES 
• SOCSI central processing unit 

• 16k x a EPROM expandable externally to 
64k bytes 
- Quick Pulse programming algorithm 

- Two level program security system 

• 2S6 x 8 RAM, expandable externally to 
64k bytes 

• Three 16-bit timer/counters 

- T2 is an up/down counter 

• Programmable Counter Array (PCA) 

- High speed output 
- Capture/compare 

- Pulse Width Modulator 

- Watchdog Timer 

• Four 8-bit 110 ports 

• Full-duplex enhanced UART 

- Framing error detection 

- Automatic address recognition 

• Power control modes 

- Idle mode 

- Power-down mode 

• Once (On Circuit Emulation) Mode 

• Five package styles 

• OTP package available 

EPROM TEMPERATURE RANGE °C AND PACKAGE' 

Sa7CSl FB-4N40 o to +70, 40-Pin Plastic Dual In-line Package, OTP 

S87CSI FB-4F40 o to +70, 40-Pin Ceramic Dual In-line Package wlWindow, UV 

S87CSI FB-4A44 o to +70, 44-Pin Plastic Leaded Chip Carrier, OTP 

S87CS1FB-4K44 o to +70, 44-Pin Ceramic Leaded Chip Carrier wlWindow, UV 

S87CSI FB-4B44 o to +70, 44-Pin Plastic Quad Flat Pack, OTP 

1. OTP ~ One Time Programmable EPROM. UV ~ Erasable EPROM. 
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87C51FB 

PIN CONFIGURATIONS 

Vee 

PO.OfADo 

PO.l/ADl 

PO.2/AD2 

PO.3fAD3 

PM/AD4 

PO.5JAOS 

PO.6/AD6 

PO.7/AD7 

EJWpp 

ALEII'IIOO 

I'SER 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/Al1 

XTAL2 P2.21Al0 

XTALl P2.1/A9 

vss P2.0/A8 

FREQUENCY DRAWING NUMBER 

3.5 to 16MHz 041SC 

3.5 to 16MHz OS90B 

3.5 to 16MHz 0403G 

3.5 to 16MHz 1472A 

3.5 to 16MHz 11180 

853-1692 08816 
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BLOCK DIAGRAM 

r---------------
1 
1 

1 
~ 

1 

19 
-=-1 

l'SER 

ALEIPlllm 

EXNpp 

RST 

1 

1 
1 

1 
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P2.0-P2.7 

----------------, 
~uu~ 1 

P3.G-P3.7 

1 

1 
1 
1 
1 
1 

___________ ....1 
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CERAMIC AND PLASTIC LEADED CHIP CARRIER 
PIN FUNCTIONS PLASTIC QUAD FLAT PACK PIN FUNCTIONS 

n n n 
7[ 

0 :J 3. 

R i 
1= 0 p=33 

LCC 
PQFP 

H[ :J 2. 11= =23 

~ ~ ~ ~ 
12 22 

Pin Function Pin Function Pin Function Pin FlUlction 
1 Ne 23 Ne 1 Pl.5/CEX2 23 P2.51A13 
2 P1.0fT2 24 P2.OIA8 2 Pl.6JCEX3 2. P2.61A14 
3 P1.11T2EX 25 P2.lIA9 3 Pl.7/CEX4 25 P2.7/A1S 
4 p1.21Eel 26 P2.21Al0 4 RST 26 PSEI'I 
5 P1.31CEXQ 27 P2.3/Al1 5 P3.0/RxO 27 ALEIPHOO 
6 P1.4/CEX, 28 P2.4/A12 6 Ne 28 Ne 
7 Pl.51CEX2 29 P2.51A13 
8 P1.61CEX3 30 P2.6IA14 
9 P1.7/CEX4 31 P2.7/A15 

10 RST 32 !'SEN 
11 P3.0/RxD 33 ALE/PHOO 

7 P3.11TxD 29 EJ\IVPP 
8 P3.21'ImO 30 PO.7/AD7 
9 P3.311NTT 31 PO.61A06 

10 P3.4/TO 32 PO.5iAD5 
11 P3.5/Tl 33 PO.4/AD4 

12 Ne 34 Ne 12 P3.smR 34 PO.3/A03 
13 P3.1fTxD 35 EJliVpp 13 P3.7iRD 35 PO.21AD2 
14 P3.21'1mO 36 PO.7/AD7 
15 P3.3/JmT 37 Pa.6fAD6 
16 P3.4ITO 38 PO.5IADS 
17 P3.5iT1 39 PO.4/AD4 
18 P3.6iWR 40 Pa.31AD3 
19 P3.7/Rll 41 PO.21AD2 
20 XTAL2 42 PO.l/ADl 
21 XTAL1 43 PO.D/ADO 
22 VSS 44 Vee 

14 XTAL2 36 PO.lIAD1 
15 XTAL 1 37 PO.OJADO 
16 VSS 38 Vee 
17 Ne 3. Ne 
18 P2.0/AB 40 P1.0fT2 
19 P2.1/A9 41 Pl.1fT2EX 
20 P2.21AlO 42 p1.21Eel 
21 P2.3rAl1 43 P1.3ICEXO 
22 P2.4/A12 44 P1.4/CEXl 

PIN DESCRIPTIONS 

PIN NUMBER 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.O-O.7 39--32 43--36 37-30 110 Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1 s written to 
them float and can be used as high·impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull·ups when emitting 1 s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 

P1.O--Pl.7 1--8 2-9 40-44, I/O Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P 1.6 and Pl. 7 
1-3 which are open drain. Port 1 pins that have 1 s written to them are pulled high by the internal 

pull·ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull·ups. (See DC Electrical Characteristics: I,Ll. 
Port 1 also receives the low·order address byte during program memory verification. 
Alternate functions include: 

1 2 40 I T2 (P1.0): Timer/Counter 2 external count inpuVClockout 

2 3 41 I T2EX (Pl.l): Timer/Counter 2 Reload/Capture/Direction Control 

3 4 42 I ECI (Pl,2): External Clock Input to the PCA 
4 5 43 I/O CEXO (P1.3): Capture/Compare External I/O for PCA module 0 
5 6 44 I/O CEXl (P1.4): Capture/Compare External I/O for PCA module 1 
6 7 1 I/O CEX2 (Pl.5): Capture/Compare External I/O for PCA module 2 
7 8 2 I/O CEX3 (P1.6): Capture/Compare External I/O for PCA module 3 

8 9 3 I/O CEX4 (Pl.7): Capture/Compare External I/O for PCA module 4 
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PIN DESCRIPTIONS (Continued) 
PIN NUMBER 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

P2.O-P2.7 21-28 24-31 18-25 110 Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-<>rder address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting ls. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and verification. 

P3.O-P3.7 10-17 11, 5, 1/0 Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: lid. Port 3 also serves the special features of the 8OC51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.1): Serial output port 

12 14 8 I INTlJ (P3.2): External interrupt 
13 15 9 I rnTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): 1imer 0 external input 
15 17 11 I Tl (P3.5): 1imer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 RU (P3.7): External data memory read strobe 

RST 9 10 4 I Resel: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 

ALEIPROG 30 33 27 I/O Address lalch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG") during EPROM programming. 

PSEN 29 32 26 0 Program Siore Enable: The read strobe to external program memory. When the 87C51 FB 
is executing code from the external program memory. PSEN is activated twice each 
machine cycle, except that two PSElII activations are skipped during each access to 
external data memory. PSEN is not activated during fetches from internal program memory. 

ElVVpp 31 35 29 I External Access Enable/Programming Supply Voltage: EA must be externally held low 
to enable the device to fetch code from external program memory locations OOOOH and 
3FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 

NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V, respectively. 

TIMER 2 
This is a 16-bit up or down counter, which 
can be operated as either a timer or event 
counter. II can be operated in one of three 
different modes (autoreload, capture or as the 
baud rate generator for the UART). 

In the autoreload mode the 1imer can be set 
to count up or dwon by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR's RCAP2H and RCAP2L 
are used to reload the 1imer upon overflow or 
a 1-10-0 transition on the T2EX input (P1.1). 
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In the Capture mode 1imer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture 1imer 2 in response to a 
1-to-0 transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. 1imer 
2 is then captured in SFR's RCAP2H and 
RCAP2L. 

As the baud rate generator, 1imer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator 1imer 2 
is incremented at '/2 the oscillator frequency. 
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ENHANCED UART 
The 87C51 FB UART has all of the 
capabilities of the standard 80C51 UART plus 
Framing Error Detection and Automatic 
Address Recognition. As in the 80C51, all 
four modes of operation are uspported as 
well as the 9th bit in modes 2 and 3 that can 
be used to facilitate multiprocessor 
communication. 

The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 
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bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 

Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU only needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greaUy reduced. This 
mode works similar to the 9th bit 
communication mode, except that uses only 
8 bits and the Stop bit is used to cause the RI 
bit to be set. There are two SFRs associated 
with this mode. They are SADDR, which 
holds the slave address and SADEN, which 
contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 

PROGRAMMABLE COUNTER 
ARRAY 
The PCA is a sophisticated free-running 
16 bit Timer/Counter that drives 5 modules 
that can be individually configured as Capture 
inputs, software timers, high speed outputs, 
or pulse width modulated outputs. In addition, 
module 4 can be configured as a software 
controlled watchdog timer. 

The Timer protion of the PCA can be 
configured to run in one of four different 
modes. The modes are: 1/2 the oscillator 
frequency, 1/4 the oscillator frequency, 
Timer 0 overflows, or from the ECI input. 

For the Capture/Compare mode each of the 
modules has a pair of registers associated 
with it called CCAPnH and CCAPnL (where 
n ~ 0, I, 2, 3, 4 depending on the module). 
Both positive and negative transitions can be 
captured. This means that the PCA has the 
flexibility to measure phase differences, duty 
cycles, pulse widths and a wide variety of 
other digital pulse characteristics. 

In the IS-bit software timer mode each of the 
modules can generate an interrupt upon a 
compare. 

For applications that require accurate pulse 
widths and edges the PCA modules can be 
used as High Speed Outputs (HSO). The 
PCA toggles the appropriate CEXn pin when 
there is a match between the PCA timer and 
the modules compare registers. 

The pulse width modulator mode for the PCA 
allows tha conversion of digital information 
into analog signals. Each of the 5 modules 
can be used in this mode. The frequency of 
the PWM depends on the clock source for the 
PCA. The 8-bit PWM output is generated by 
comparing the low byte of the PCA (CL) with 
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thge module's CCAPnL SFR. When 
CL < CCAPnL, the output is high. When 
CL > CCAPnL, the output is low. 

POWER OFF FLAG 
The Power Off Flag (POF) is set by on-chip 
circuitry when the Vee level on the 87CSI FB 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vee level must remain above 3V for the 
POF to remain unaffected by the Vee level. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on~ip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 
To save even more power, a Power Down 
mode can be invoked by software. In this 
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mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last instruction executed. The on~hip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 

On the 87C51 FB either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 

To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vee is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 

With an external interrupt, INTO and INTI 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 

Design Consideration 
• When the idle mode is terminated by a 

hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 

ONCpM Mode 
The ONCE ("On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 87CSI FB without the 87C51FB 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 
1. Pull ALE low while the device is in reset 

and PSEN is high; 

2. Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 
pins go into a float state, and the other port 
pins and ALE and PSEN are weakly pulled 
high. The oscillator circuit remains active. 
While the 87CSI FB is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when 
a normal reset is applied. 



Philips Semiconductors Microcontrollers Products Product Specification 

12C bus addresses 87C51FB 

Table 1. External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE PSER PORTO PORT 1 PORT 2 PORT 3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power-down Internal 0 0 Data Data Data Data 

Power-down External 0 0 Float Data Data Data 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Operating temperature under bias o to +70 or-40 to +85 "C 

Storage temperature range --B5to + 150 "C 

Voltage on EANpp pin to Vss Oto+13.0 V 

Voltage on any other pin to Vss --0.5 to +6.5 V 

Maximum IOl per 1/0 pin 15 mA 

Power dissipation (based on package heat transfer limitations, not 1.5 W 
device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

Electrical Deviations from Commercial Specifications for Extended Temperature Range 
DC and AC parameters not included here are the same as in the commercial temperature range table. 

DC ELECTRICAL CHARACTERISTICS 
Tamb = -40"C to +85"C, Vee = 5V +10% Vss = OV -

SYMBOL PARAMETER 

Vil Input low voltage, except Ell: 

VIl 1 Input low voltage to Ell: 

VIH Input high voltage, except XTAL 1, RST 

VIH1 Input high voltage to XTAL 1, RST 

III Logical 0 input current, ports 1, 2, 3 

ITl Logical 1-to-O transition current, ports 1 , 2, 3 

Icc Power supply current: 
Active mode 
Idle mode 
Power-down mode 
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TEST LIMITS 

CONDITIONS MIN MAX 

-0.5 0.2Vec--O·15 

0 O. 2Vec--O·35 

0.2Vec+ 1 Vcc+O.5 

O. 7Vec+O.1 Vec+0.5 

VIN = 0.45V -75 

VIN = 2.0V -750 

Vee = 4.5--5.5V, 
Frequency range = 19 

3.5to 16MHz 6 
50 

UNIT 

V 

V 

V 

V 

lJA 
lJA 

mA 
mA 
lJA 
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DC ELECTRICAL CHARACTERISTICS 
Tamb = O°C to +70°C or--40°C to +85°C Vee = 5V +10% VSS = OV ~ 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYP' MAX UNIT 

VIL Input low voltage, except EJV -0.5 0.2Vcc-O·l V 

VILl I nput low voltage to EJV 0 0.2Vcc-O.3 V 

VIH Input high voltage, except XTAL 1, RST7 0.2Vee+0.9 Vee+0.5 V 

VIH, Input high voltage, XTAL 1, RST7 O.7Vee Vee+0.5 V 

VOL Output low voltage, ports 1, 2, 39 IOL = l00J.IA 0.3 V 
IOL = 1.6mA2 0.45 V 
IOL =3.5mA 1.0 V 

Vall Output low voltage, port 0, ALE, PSEN9 IOL = 200J.IA 0.3 V 
IOL = 3.2mA2 0.45 V 
IOL= 7.0mA 1.0 V 

VOH Output high voltage, ports 1, 2, 3, ALE, !'SEW IOH = -60J.IA, Vee~ 1.5 V 
IOH = -30J.IA Vee ~0.7 V 
IOH = ~10J.IA Vec ~0.3 V 

VOH' Output high voltage (port 0 in external bus mode), IOH = ~7.0mA, Vcc~ 1.5 V 
ALE'o, !'SEW IOH =-3.2mA Vcc~0.7 V 

IOH =~200J.IA Vcc ~ 0.3 V 

IlL Logical 0 input current, ports 1, 2, 37 VIN =0.45V -50 !LA 

ITL Logical 1-10-0 transition current, ports 1, 2, 37 See note 4 -650 !LA 

III Input leakage current, port 0 0.45 VIN < 
±10 !LA Vcc ~0.3 

Icc Power supply current:1 See note 6 
Active mode@ 16MHz5 15 25 rnA 
Idle mode @ 16MHz 3 5 rnA 
Power-down mode 10 75 !LA 

RRST Internal reset pull-down resistor 50 225 k.Q 

Cia Pin capacitance 11 (except EA) 15 pF 

NOTES. 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the 
worst cases (capacitive loading> 100pF), the noise pulse on the ALE pin may exceed O.SV. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOL can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the VUH on ALE and PSEN to momentarily fall below the 0.9Vce specification when the 
address bits are stabilizing. 

4. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

5. ICCMAx at other frequencies is given by: Active mode: IccMAx = 1.50 x FREO + 8: Idle mode: IccMAx = 0.14 x FREO +2.31, 
where FREO is the external oscillator frequency in MHz. IccMAx is given in rnA. See Figure S. 

6. See Figures 9 through 12 for Icc test conditions. 
7. These values apply only to TarTi> = O°C to +70°C. For Tamb = --40°C to +85°C, see table on previous page. 
8. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = SOpF. 
9. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 15mA (NOTE: This is 85°C specification.) 
Maximum IOL per 8-bit port: 26mA 
Maximum totalloL for all outputs: 71 rnA 

If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

10.ALE is tested to VOH', except when ALE is off then VOH is the voltage specification. 
11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). 
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AC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70"C or -40°C to +85°C, Vee ~ 5V ±IO%, Vss ~ OV', 2. 3 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

lIteLCL 1 Oscillator frequency 3.5 16 MHz 

tLHLL 1 ALE pulse width 85 2teLCL-40 ns 

tAVLL 1 Address valid to ALE low 22 teLCL-40 ns 

tLLAX 1 Address hold after ALE low 32 teLCL-30 ns 

tLUV 1 ALE low to valid instruction in ISO 4teLCL-lOO ns 

tLLPL I ALE low to 1'SEf\[ low 32 teLcL-30 ns 

IpLPH I PSEN pulse width 142 3teLCL-45 ns 

Ipuv I PSEN low to valid instruction in 82 3teLCL-t05 ns 

!PXIX I Input instruction hold after ]'SEN 0 0 ns 

!PXIZ I Input instruction float after]'SEN 37 lcLCL-25 ns 

tAVIV 1 Address to valid instruction in 207 5teLCL-I05 ns 

tpLAZ 1 PSEN low to address float 10 10 ns 

Data Memory 

tRLRH 2,3 RU pulse width 275 6teLCL-IOO ns 

tWLWH 2,3 WFf pulse width 275 6teLCL-lOO ns 

tRLDV 2,3 RU low to valid data in 147 5teLCL-I65 ns 

tRHDX 2,3 Data hold after "AU 0 0 ns 

tRHDZ 2,3 Data float after "AU 65 2teLCL~0 ns 

tLLDV 2,3 ALE low to valid data in 350 8teLCL-150 ns 

tAVDV 2,3 Address to valid data in 397 9lcLcL-165 ns 

tLLWL 2,3 ALE low to RU or WR low 137 237 3lcLcL-50 3teLCL+50 ns 

tAVWL 2,3 Address valid to WR low or "AU low 175 4teLcL-75 ns 

tavwx 2, 3 Data valid to WR transition 42 lcLCL-20 ns 

tWHQX 2,3 Data hold after WR 42 lcLCL-20 ns 

taVWH 3 Data valid to WR high 287 7teLCL-tSO ns 

tRLAZ 2,3 RU low to address float 0 0 ns 

tWHLH 2, 3 RU orWRhigh to ALE high 40 87 teLCL-20 teLCL+25 ns 

External Clock 

teHCX 5 High time 12 20 ns 

teLCX 5 Low time 12 20 ns 

teLCH 5 Rise time 20 20 ns 

teHCL 5 Fall time 20 20 ns 

Shift Register 

tXLXL 4 Serial port clock cycle time I 12tcLCL I1s 

taVXH 4 Output data setup to clock rising edge 492 1 0teLCL -133 ns 

tXHQX 4 Output data hold after clock rising edge 8 2lcLcL-117 ns 

tXHDX 4 Input data hold after clock rising edge 0 0 ns 

tXHDV 4 Clock rising edge to input data valid 492 l°teLCL-133 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and]'SEN ~ 100pF, load capacitance for all other outputs ~ 80pF. 
3. Interfacing the 87C5! FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damago to Port 0 

drivers. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always'\' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 

ALE 

PORTo 

PORT 2 

ALE 

P - !'SEN 
Q - Output data 
R - "RD" signal 
t - Time 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL = Time for address valid to 

ALE low. 
It.LPL = Time for ALE low to 

!'SEN low. 

Figure 1. External Program Memory Read Cycle 

~~~~-tLlDV ~~~~~"·I 
tLLwL -->;'-~~-tRlRH ~-~-l-l 

~--------------~--------~ 

PORTO DATA IN 

pORT 2 P2.0-P2.7 OR AB-A 1 5 FROM DPF 

Figure 2. External Data Memory Read Cycle 
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Ar>-A7 

A8-A15 

Ar>-A7 FROM PCL INsmlN 

AD-A 15 FROM PCH 
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ALE '\ / 

-tWHLH-

!---tLLWL tWLWH 

WR 

tUAX 

I-- -. +- tWHOX tAVLL lavwx 
tOVWH 

=>---< AD-A1 

>< >< AO-A 7 FROM peL FROM RI OR DPL DATA OUT INSTRIN PORTo 

-tAVWL-->-

PORT 2 )< P2.D-P2.7 OR A8-A15 FROM OPF AD-A 15 FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

r- tXLXL -1 ------, 
CLOCK 

OUTPUT DATA 

t 
WRITE TO SBUF 

INPUT DATA 

'----t' 
CLEAR RI t 

SETRI 

Figure 4. Shift Register Mode liming 
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Vc~·s 

O.45V 
O·7Ycc 

o.2Vss-4-1 
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IcLCL 

Figure 5. External Clock Drive 

VCC-o·
5 =x >C 0.2Vcc..o·· 

0.45Y .~o._2V..:cc-o.=-=' ____ _ 

NOTE: 
AC inputs during testlng are driven at VCC~.5 fora logic '" and O.45V for a logic '0'. 
Timing measurements are made at VIH min for a Jogic '1' and VIL for a logic '0'. 

Figure 6. AC Testing Input/Output 

35 

30 

25 

20 

ICc mA 

15 

10 

4MHz .MHz 

YLOAD'-----< 

VLOAI)-O.1Y 

NOTE: 

nllllNG 
REFERENCE 

POINTS VOl.+G.1Y 

For timing purposes. a port is no longer floating when a l00mV change from load 
vohage occurs. and begins to float when a l00mV change from the loaded VaHl' 
VOL level occurs.IOH/bL>.±20mA. 

12MHz 

Figure 7. Float Waveform 

MAX ACnVE MODE 
ICCMAX = 1.50 X FREQ. •• 

TVP ACTIVE MODE 
0.9 X FREQ •• 2.5 

MAX IDLE MODE 

TYP IDLE MODE 

16MHz 

FREQ AT XTAL1 

Figure 8. Icc vs. FREQ Valid only within frequency specifications of the device under test 
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Vee 

RST 

PO 

- EX 

(NC) (NC) XTAL2 

CLOCK SIGNAL CLOCK SIGNAL XTAL1 -
Vss Vss 

Figure 9. Icc Test Condition, Active Mode 
All other pins are disconnected 

Figure 10, Icc Test Condition, Idle Mode 
All other pins are disconnected 
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VCc-O·5 

O.4SV 
O.1Vcc 

O.2VCc-O·1 

IcLCL 

Figure 11. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
IcLCH = tCHCL = 50s 

Vee 

RST 

PO 

- Ell" 

(NC) XTAL2 

XTAll -
vss 

Figure 12. Icc Test Condition, Power Down Mode 
All other pins are disconnected. Vcc = 2V to 5.5V 
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12C bus addresses 

EPROM CHARACTERISTICS 
The 87C51 FB is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEiPlmG pulses. 

The 87C51 FB contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device 
The signature bytes identify the device as an 
87C51 FB manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the B7C51 FB is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O. RST, !"SEN and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALE/f'RCJG is pulsed low 25 times as shown 
in Figure 14. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the 'Pgm 
Encryption Table'leveis. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note !hat the 8VVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 2, EPROM Progamming Modes 

MODE RST PS"ER ALEil'ROG FAiVpp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O' Vpp 1 

Pgm secu rity bit 1 1 0 O' Vpp 1 

Pgm security bit 2 1 0 O· Vpp 1 

NOTES: 
1. '0' ~ Valid low for that pin, '1' ~ valid high for that pin. 
2. Vpp = 12. 75V ±O.25V. 
3. Vee = 5V±10% during programming and verification. 

Product Specification 

87C51FB 

Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = ISH indicates manufactured by 

Philips 
(031 H) = B2H indicates 87C51 FB 

ProgramNerlfy Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-.5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000I1W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 

P2.6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

ALE/f'RCJG receives 25 programming pulses while Vpp is held at 12. 75V. Each programming pulse is low for IOOf1S (±lOl1s) and high for a 
minimum of tOilS. 

'"Trademark phrase of Intel Corporation. 
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+5V 

Vcc - -
~7 Pl PO PGMDATA 

'I 

1 RST EJWpp +12.75V 

1 Pl.6 AlEII'ROG 25 100,,* PULSES TO GROUND 

1 P3.7 87C51FB PSER 

~ 1-
XTAL2 P2.7 

P2.6 

T .... T XTAL1 P2.G-P2.5 A8-A13 

" >-- VSS 
- -

Figure 13. Programming Configuration 

~1~~--------------25PULSES --------------~~I 
...------

ALEll'1lOG: 

c' 
10,", MIN -1 ~1~~----10!iS±10-----..,j·1 

ALEll'1lOG: ol~ ____________ ~Il~ __________ ~IlL __ _ 

Figure 14. PROG Waveform 

Vcc 

AD-A7 Pl PO PGMDATA 

RST EJWpp 

Pl.6 ALEIPROG 

P3.7 87C51FB PSER 

XTAL2 P2.7 o ERl\B1:E 

P2.6 0 

XTAl1 P2.O-P2.S A8-A13 

vss 

Figure 15. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb = 21°C to +27°C, Vee = 5V+l0%, Vss = OV (See Figure 16) -

SYMBOL 

Vpp 

Ipp 

l/lcLcL 

tAVGL 

!c;HAX 

tDVGL 

IGHDX 

tEHSH 

tsHGL 

IGHSL 

IGLGH 

tAVOV 

4oLOZ 

tEHOZ 

IGHGL 

P1.O-P1.7 
P2.D-P2.4 

PORTO 

ALEIPROO 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to PROl:i low 

Address hold after ?ROO 

Data setup to PROl:i low 

Data hold after PROl:i 

P2.7 (ENABIT) high to Vpp 

Vpp setup to PROl:i low 

VPP hold after PROO 

PROl:i width 

Address to data valid 

ENABIT low to data valid 

Data float after Em'iBIT 

I'ROOhigh to PROl:i low 

PROGRAMMNG'" 

ADDRESS 

DATA IN 

IOVGL -- ~ - ~ IGHOX 
IAVGL '"----" ~ IGHAX 

1"\ __ 1/"\ 

tGLGH -+ .... -. 1+ IGHGL 
tSHGL ..... IGHSL 

/ 
~ / 

lOGIC 0 

-

LOGIC • 

--- ... -------- -----------------------------

P2.7 
EIIlJJ![E 

tEHSH 

'FOR PROGRAMMING VERIFICATION SEE FIGURE 13. 
FOR VERIFICATION CONDITIONS SEE FIGURE 15. 

tEL~ 

I 

MIN 

12.5 

4 

48lcLCL 

48lcLCL 

48lcLCL 

48lcLcL 

48lcLcL 

10 

10 

90 

0 

10 

VERIRCATlON* 

ADDRESS 

..- IAVQV 

DATA OUT 

LOGIC. 

---- ...... _----

I 

Figure 16. EPROM Programming and Verification 
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MAX UNIT 

13.0 V 

50 mA 

6 MHz 

!1S 

!1S 

110 !1S 

48lcLCL 

48lcLCL 

48lcLcL 

!1S 

/ 

------------
tEHQZ 
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80C51 Family Derivatives 

8XC52 OVERVIEW 
The aXC52 is identical to the aXe51, 
respectively, except for added features. The 
aXC52 has: 

• Bk ROM (BOC52 only) 

• 256 bytes RAM 

• Counter/timer 2 

As a result, there are some additions to the 
interrupt structure, I/O pin alternate functions, 
and baud rate generation for the serial 
channel. 

Since the similarity is so close, only the 
additional features of the BXC52 are 
described. Where necessary, some repetition 
of SOC51 information will be made for the 
sake of clarity. The BXC52 is pin for pin and 
fully code compatible with the BOC51. 

FFFF 

2000 

lFFF 

0000 
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5Sk 
Bytes 

External 

And 

uk Bytes 
Internal 

Differences From the 80C51 

Program Memory 
The data and program memory are organized 
virtually identically to the BOC51. The BOC52 
possesses Bk bytes of on-chip program 
memory. When R is high, the BOC52 fetches 
instructions from the internal ROM unless the 
address exceeds 1 FFFh. Locations 2000H to 
FFFFH are fetched from external program 
memory. When R is held low all instruction 
fetches are from external memory. The 
program memory space is shown in Figure 1. 

The data memory organization is identical to 
the BOC51 except that the BOC52 has an 
additional 12B bytes of RAM overlapped with 
the special functio register space. This 
additional RAM is addressed using indirect 
addressing only and is available as stack 
space. The BOC52 data memory space is 
shown in Figure 2. 

FFFF 

__ Or ___ 

0000 

Figure 1. 80C52 Program Memory 
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Special Function Registers 
The special function register space is the 
same as the BOC51 except that the BOC52 
contains the additional special function 
registers T2CON, RCAP2L, RCAP2H, TL2, 
and TH2. Since the standard BOC51 on-chip 
functions are identical in the BOC52, the SFR 
locations, bit locations, and operation are 
likewise identical. The only exceptions are in 
the interrupt mode and interrupt priority SFRs 
(see Table I). 

Timer/Counters 
In addition to timer/counters a and 1 of the 
BOC51, the BOC52 contains timer/counter 2. 
Like timers a and I, timer 2 can operate as 
either an event timer or as an event counter. 
This is selected by bit CIT2 in the special 
function register T2CON (see Figure 3). It 
has three operating modes: capture, 
auto-load, and baud rate generator, which are 
selected by bits in the T2CON as shown in 
Table 2. 

64k 
Bytes 

External 
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Internal FFFF 

Indirect 

aoHtoFFH r AdcIresaing Only 

I 
FF 

SFRo 
Direct Addressing C-

Only 
-And-

80 

7F 
Direct and lmirect 

Addressing 

00 

In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2 = 0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt If EXEN2 = 1, then 
Timer 2 still does the above, but with the 
added feature that a l-to-O transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. (RCAP2L and 
RCAP2H are new special function registers in 
the 8OC52.) In addition, the transition at 
T2EX causes bk EXF2 in T2CON to be set, 
and EXF2 like TF2 can generate an interrupt. 
The Capture Mode is illustrated in Figure 4. 

In the auto-reload mode, there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2 = 0, then when Timer 2 
rolls over it not only sets TF2 but also causes 
the Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2 = 1, then Timer 2 still does the above, 
but with the added feature that a Ho-O 
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0000 

Figure 2. 80C52 Data Memory 

transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. The 
auto-reload mode is illustrated in Figure 5. 

The baud rate generation mode is selected 
by RCLK = 1 andlor TCLK = 1. It will be 
described in conjunction with the serial port. 

Serial Port 
The serial port of the 8XC52 is identical to 
that of the 80C51 except that counterflimer 2 
can be used to generate baud rates. 

In the 80C52, Timer 2 is selected as the baud 
rate generator by setting TCLK andlor RCLK 
in T2CON (see Figure 3). Note that the baud 
rate for transmit and receive can be 
simultaneously different. Setting RCLK andlor 
TCLK puts Timer into its baud rate generator 
mode, as shown in Figure 6. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the IS-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 
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64k 
BytH 

External 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2's overflow rate as 
follows: 

Modes 1, 3 
Baud Rate 

Timer 2 Overflow Rate 

16 

The timer can be configured for either "timer"' 
or "counter" operation. In the most typical 
applications, k is configured for "timer" 
operation (C1T2 = 0). "Timer" operation is a 
little different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer 
it would increment every machine cycle (thus 
at 1/12 the oscillator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 112 the oscillator 
frequency). In that case the baud rate is 
given by the formula: 

Oscillator Frequency Modes 1, 3 
Baud Rate 32x[65536 - (RCAP2H, RCAP2Ll: 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2l taken as a 16-bit 
unsigned integer. 
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12 Pin 

T2EX Pin 
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(MSB) 

Symbol 

TF2 

EXF2 

RClK 

TCLK 

EXEN2 

TR2 

cm 

CP/RI:2 

Transition 
Detector 

TF2 

Cm::O 

em:: 1 

(LSB) 

EXF2! RCLK ! TCLK! EXEN2! TR2 Cm: I CP/Ra! 

Position 

T2CON.7 

T2CON .• 

T2CON.5 

T2CON.4 

T2CON.3 

T2CON.2 

T2CON.l 

T2CON.O 

Name and Signif"lCsnce 

Timer 2 overflow flag set by • Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK or TCLK = 1. 

Timer 2 external flag set when either a capture or reload is caused by • 
negative transition on T2EX and EXEN2 = 1. When Timer 2 interrupt ia enabled, 
EXF2 = 1 will cause 1he CPU to vector to the Timer 2 interrupt routine. EXF2 
must be cleared by software. 

Receive clock flag. When set. causes the serial port to use Timer 2 overflow 
pulses for ita Rtceive clock in modes 1 and 3. RCLK = 0 causes Timer 1 
overflow to be ueed for the recei1Je clock. 

Transmit clock flag. When set, causes 1he serial port to use Timer 2 overflow 
pulses for its transmit dock in mode. 1 and 3. TCLK = 0 causes limer 1 
overflows to be used for the transmit clock.. 

Timer 2 external enable flag. When set, allows a capture or reload to occur 88 a 
result of a negative transition on T2EX if limer 2 is not being used to clock the 
serial pOrL EXEN2 = 0 cause. Timer 2 to ignore events at T2EX. 

Startfstop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. (Timer 2) 
0= Internal timer (OSCf12) 
1 = External event counter (falling edge triggered). 

Capture/Reload ftag. When set, captures will occur on negative transitiona at 
T2EX if EXEN2 = 1. When cleared. auto-reloads will occur either with Timer 2 
overftows or negative transitions at T2EX when EXEN2 = 1. When either RCLK 
= 1 or TCLK = 1. this bit ia ignored and 1he timer Is forced to auto-reload on 
Timer 2 overflow. 

Figure 3. Timer/Counter 2 (T2CON) Control Register 

TR2 

Control 

EXEN2 

Capture 

TL2 
(S-bits) 

TH2 
(8-bits) 

Figure 4. Timer 2 in Capture Mode 
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Timer 2 
Interrupt 
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T2EX Pin 

Transition 
Detector 

EXEN2 

Figure S. Timer 2 in Auto-Reload Mode 

NOTE: OSC. Freq. is divided by 2, not 12. 

____ --'t em=, 
T2Pin - Control 

Transition 
Delector 

TR2 

~~An -1 "- ~:O>---t-I--+I·8-- I~=~ 
I Control 

~EN2 

L Note availability of additional extemal intern.lpt. 

Figure 6. Timer 2 in Baud Rate Generator Mode 
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Table 1_ 8XC52 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 El EO DOH 

B* 8 register FOH F7 F6 F5 F4 F3 F2 Fl FO DOH 

DPTR: Data pointer (2 bytes) 
DPH Data pointer high 83H DOH 
DPL Data pointer low 82H DOH 

AF AE AD AC AB M A9 A8 

IE* Interrupt enable A8H EA 1 - J ET2 1 ES 1 ET1 I EXl 1 ETO 1 EXO OxODODOOB 

BF BE BD BC BB 8A 89 B8 

IP* Interrupt priority BBH - I - I PT2 I PS I PT1 I PXl I PTO I PXO xxOOOOOOB 

87 86 85 84 83 82 81 80 

PO* PortO 80H AD7 I AD6 I AD5 I AD4 I AD3 I AD2 I ADl I ADO FFH 

97 96 95 94 93 92 91 90 

Pl* Port 1 90H - I - I - I - I - I - I T2EX I T2 FFH 

A7 A6 A5 A4 A3 A2 Al AO 

P2* Port 2 AOH A15 I A14 I A13 I A12 I All I Al0 I A9 I A8 FFH 

B7 B6 B5 84 83 82 Bl 60 

P3* Port 3 BOH RUIWRI Tl I TO I 1NTf I TNTO I TxD I RxD FFH 

PCON' Power control 87H SMODI - I - I - I GFl I GFO I PD J IDL OxxxxxxxB 

D7 D6 05 D4 D3 D2 01 DO 

PSW* Program status word DOH CY I AC I FO I RSI I RSO I ov I - I P DOH 

RCAP2H# Capture high C8H DOH 
RCAPL# Capture low CAH OOH 

SBUF Serial data buffer 99H xxxxxxxxB 

9F 9E 9D 9C 9B 9A 99 98 

SCOW Serial controller 98H SMO 1 SMl I SM2 I REN I TB8 I RBB J TI I RI OOH 

SP Stack pointer 81H 07H 

8F 8E 8D BC 8B 8A 89 88 

TCOW Timer control 88H TFll TRl I TFO I TRO I IEl I ITl I lEO I ITO DOH 

CF CE CD CC CB CA C9 CB 

T2COW# Timer 2 control C8H TF2 I EXF2 I RCLK I TCLK I EXEN2 I TR2 I cm I CP/Ra OOH 

THO Timer high 0 8CH DOH 
THl Timer high 1 SDH DOH 
TH2# Timer high 2 CDH DOH 
TLO Timer low 0 8AH OOH 
TL1 Timer low 1 8BH DOH 
TL2# Timer low 2 CCH OOH 

TMOD Timer mode 89H GATE I CiT I Ml 1 MO I GATE 1 CiT 1 Ml 1 MO OOH . Bit addressable 
# SFRs are modified from or added to the 80C51 SFRs. 
1 Bits GF1, GFO, PD, and IDL of the PCON register are not implemented in the NMOS 8XC52. 
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Table 2. Timer 2 Operating Modes 
RCLK + RClJ( CPfR[2 TR2 MODE 

0 0 I 16-bit Auto-reload 

0 I 

I X 

X X 

TImer 2 as a baud rate generator is shown in 
Figure 6. This figure is valid only if RCLK + 
TCLK = I in T2CON. Note that a rollover in 
TH2 does not set TF2, and will not generate 
an interrupt. Therefore, the TImer 2 interrupt 
does not have to be disabled when TImer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a I-to-O transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when TImer 2 is in use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when TImer 2 is 
running (TR2 = I) in "limer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The ReAP 
registers may be read, but should not be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Tum the timer off (clear TR2) before 
accessing the Timer 2 or ReAP registers, in 
this case. 

The serial port in Modes I and 3 with the 
timer 2 baud rate interface is shown in 
Figures 7 and S. 

TImer/Counter 2 Set-up 
Except for the baud rate generator mode, the 
values given for T2CON do not indude the 
selling of the TR2 bit. Therefore, bit TR2 
must be set, separately, to turn the timer on. 
See Table 3 for set-up of timer 2 as a timer. 
See Table 4 for set-up of timer 2 as a counter. 
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I 16-bit Capture 

I Baud rate generator 

0 (off) 

Using Timer/Counter 2 to Generate Baud 
Rates 
For this purpose, TImer 2 must be used in the 
baud rate generating mode. If TImer 2 is 
being docked through pin T2 (PI.O) the baud 
rate is: 

Baud Rate 
Timer 2 Overflow Rate 

16 

And if it is being clocked internally, the baud 
rate is: 

Baud Oscillator Frequency 
Rate 32x[65536 - (RCAP2H, RCA2PL)] 

To obtain the reload value for RCAP2H and 
RCA02L, the above equation can be rewritten 
as: 

RCAP2H, 
RCAP2L 

Interrupts 

65536 _ Oscillator Frequency 
32 x Baud Rate 

The aOC52 has 6 interrupt sources as shown 
in Figure 9. All except TF2 and EXF2 are 
identical sources to those in the 8OC51. 

The Interrupt Enable Register and the 
Interrupt Priority Register are modified to 
include the additional aOC52 interrupt 
sources. The operation of these registers is 
identical to the SOC51. The registers are 
detailed in Figures 10, II, and 12. 

In the SOC52, the TImer 2 Interrupt is 
generated by the logical OR of TF2 and 
EXF2. Neither of these flags is cleared by 
hardware when the service routine is 
vectored to. In fact, the service routine may 
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have to determine whether it was TF2 or 
EXF2 that generated the interrupt, and the bit 
will have to be deared in software. 

All of the bits that generate interrupts can be 
set or deared by software, with the same 
result as though it has been set or deared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 

The interrupt vector addresses and the 
interrupt priority for requests in the same 
priority level are given in the following: 

Source Vector Priority Within 
Address Level 

I. lEO 0003H (highest) 
2. TFO OOOBH 
3. lEI OOl3H 
4. TFI OOIBH 
5. RI+TI 0023H 
6. TF2 + EXF2 002BH (lowest) 

Note that they are identical to those in the 
aOC51 except for the addition of the TImer 2 
(TFI and EXF2) interrupt at 002BH and at 
the lowest priority within a level. 

Port Structures 
The port structures are identical in both parts, 
except that on the aXC52, ports PI.O and 
PI.I include the TImer 2 alternate functions 
as follows: 

PI.O T2 (TImer/counter 2 external input) 

PI.I T2EX (TImer/counter 2 capture/ 
reload trigger) 

As with the SOC51, these alternate functions 
can only be activated if the corresponding bit 
latch in the port SFR contains a I. 
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Timer 1 
Overflow 

Timer 2 
Overflow 

Sample RX Clock R1 

,--:-:'-::---, RX Control 

t----~ Start 

o Write to SBUF 

Data 

Shift 

TID 

n 

-:-16 Reset 

RxD 

Bit Detector Sample Times 

Shift 

Rl 

load 
SBUF 

Shift 

Figure 7. Serial Port Mode 1 in the 80C52 
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Timer 1 
Overflow 

Timer 2 
O~rflow 

Write to SBUF 

D.ta 

ShUt 

rxo 

n 

Stop Bit Generator 

+ 16 Reset 
RX 

1----1 Start 

RX Clock Rl 

RX Control 

load 
SBUF 

Shift 

8XC52 overview 

rIO 

Transmit 

Stop Bit 

~R~I ____________________________________________________________________________ -J~ 

Figure S. Serial Port Mode 3 in the SOC52 
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Table 3. Timer 2 as a Timer 
MODE T2CON 

INTERNAL CONTROL EXTERNAL CONTROL 
(Note 1) (Note 2) 

16-bit Auto-Reload OOH 08H 

16-bit Capture 01H 09H 

Baud rate generator receive and transmit same baud rate 34H 36H 

Receive only 24H 26H 

Transmit only 14H 16H 

Table 4. Timer 2 as a Counter 

MODE TMOD 

INTERNAL CONTROL EXTERNAL CONTROL 
(Note 1) (Note 2) 

16-bit 02H OAH 

Auto-Reload 03H OBH 

NOTES: 
1. Capture/reload occurs only on timer/counter overflow. 
2. Capture/reload occurs on timer/counter overflow and a l-to-O transition on T2EX (P1.1) pin except when timer 2 is used in the baud rate 

generator mode. 

March 1993 
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TFO 

TFI 

Rl 

Tl 

IE Register IP Regisw 

~o--l-----+-cL 
I O---~--~~ 

I 
I 

~o--+--+---<O-
I O---~--~~ 

I 

~o-+------lf-O.. 
I o---~--~~ 

I 
I 

Jo--+---+-~ o-+--~ 
I 
I 
I 

~o--t-------t----cL 
I o---~--~~ 

I 

High Priority 
Interrupt 

Interrupt 
Polling 

Sequence 

TF2 ~------<-+--/ ~I o-t-----II-----<L 
EXF2~ 

Individual 
Enables 

Global 
Disable 

L----.::_-l 

low Priority 
Interrupt 

Figure 10. 80C52 Interrupt Control System 

(MSB) 

I EAI x I H2 

Symbol Position 

EA IE.7 

IE .• 

ET2 1E.5 

ES 1E.4 

HI IE.3 

EXI IE.2 

ETa IE.l 

EXO IE.O 

(lSB) 

ES HI EX1 ETO I EXO 

Function 

Disables aD interrupts. If EA := 0, no interrupt 
will be acknowledged. If EA ::; 1, each interrupt 
source is individually enabled or disabled by 
setting or dearing its enable bil 

Reserved. 

Enables or disables the Timer 2 Overflow or 
capture interrupt If ET2 ::; 0, the Timer 2 
interrupt is disabled. 

Enables or disables the Serial Port interrupt. If 
ES = O. the Serial Pott interrupt is disabled. 

Enables or disables the Timer 1 Overflow 
interrupt. H ETl = 0, the Timer 1 interrupt is 
disabled. 

Enables or disables Externallnterrupll. If EXl 
::: 0, External Interrupt 1 is disabled. 

Enables or disables the Timet 0 Overflow 
interrupt.. If ETO = O. the Timer 0 interrupt is 
disabled. 

Enables or disables Externallnterrupl O. If EXO 
= 0, External Interrupt 0 is disabled. 

Figure 11. 80C52 Interrupt Enable (IE) Register 
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(MSB) 

Symbol 

PT2 

PS 

PTl 

PXl 

PTO 

PXO 

(lSB) 

PS PT1 PXl I PTO I PXO 

P08jtion Function 

IP.7 Reserved. 

IP.6 Reserved. 

IP.5 Defines the Timer 2 interrupt priority level. PT2 
= 1 programs it to the higher priority level. 

IP.4 Defines the Serial Port interrupt priority level. 
PS = 1 programs it to the higher priority level. 

IP.3 Defines theTimer 1 interrupt priority level. PT1 = 
1 programs it to the higher priority level. 

IP.2 Defines the Extemallnterrupt 1 priority level. 
PX1 = 1 programs it to the higher priority level. 

IP.l Enables or disables the Timer 0 Interrupt 
priority level. PTO = 1 programs it to the higher 
priority level. 

IP.O Defines the Extemallnterrupt 0 priority level. 
PXO; 1 programs it to the higher priority level. 

Figure 12. 80C52 Interrupt Priority (IP) Register 
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Single-chip a-bit microcontroller 

DESCRIPTION 
The Philips S032AH/8052AH is a 
high-performance microcontroller fabricated 
using the Philips high-density highly reliable 
+5V, depletion-load, N-channel, silicon-gate, 
NSOO MOS process technology. It provides 
the hardware features, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effective controller for applications 
requiring up to 64k bytes of program memory 
andior up to 64k bytes of data storage. 

The 8032AH/S052AH contains 258 bytes of 
read/write data memory, 32 I/O lines 
configured as four S-bit ports, three 16-bit 
counter/timers, a six-source, two-priority-Ievel 
nested interrupt structure, a programmable 
serial I/O port and on-chip oscillator and 
clock circuitry. The S052AH has all of these 
features plus 8k bytes of non-volatile 
read-only program memory. Both 
microcontrollers have memory expansion 
capabilities of up to 64k bytes of data storage 
and 64k bytes of program memory that can 
be attained with standard TTL compatible 
memories. 

Because of its extensive BCD/binary 
arithmetic and bit-handling facilities, the 
8032AH/S052AH microcontroller is efficient at 
both computational and control-oriented 
tasks. Efficient use of program memory is 
also achieved by using the familiar compact 
instruction set of the S031AH/S051AH. 
Forty-four percent of the instructions are 
one-byte, 41 % two-byte, and 15% three-byte 
instructions. With a 12MHz crystal, the 
majority of the instructions execute in just 
1.0fLs. The longest instructions, multiply and 
divide, require only 4fLS at 12MHz. 

December 29, 1992 

FEATURES 
• 8032AH - control-oriented CPU with RAM 

and I/O 

• 8052AH - an 8032AH with factory 
mask-programmable ROM 

• 8k X 8 ROM (S052AH only) 

• 256XSRAM 

• Four 8-bit ports, 32 I/O lines 

• Three 16-bit timer/counters 

• Programmable full-duplex serial channel 

- Variable transmit/receive baud rate 
capability 

• Ti mer 2 capture capability 

• External memory 

- 64k ROM and 64k RAM 

• Boolean processor 

• 12S user bit-addressable locations 

• Upward compatible with S031AH/S051AH 
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PIN CONFIGURATIONS 

vcc 

PO.O/AOO 

PO.I/AD' 

PO.21AD2 

PO.3lAD3 

PO.4fAD4 

PO.S/AOS 

pO.S/ADS 

PO.7/AD7 

Ell" 

ALE 

I'SEl 

P2.7/A15 

P2.6rA14 

T1IP3.5 P2.srA13 

WRfP3.6 P2.4/A12 

P2.3fAn 

XTAL2 P2.21A.O 

XTAL1 P2.1fA9 

vss P2.0fAB 

40 

39 

17 2 • 

• 8 28 

Pin Function Pin Function Pin Function 

• NC 15 lI'lTi1P3.3 30 P2.6IA14 
2 T2IP1.0 16 TO/P3.4 31 P2.7/A1S 
3 T2EXlPl.1 17 T11P3.5 32 PSrn 
4 P1.2 1B WRiP3.6 33 ALE 
5 Pl.3 19 RD/P3.7 34 NC 
6 P1.4 20 XTAL2 35 Ell 
7 P1.5 21 XTALl 36 PO.7/AD? 
B Pl.6 22 V", 37 PO.6/ADB 
9 P1.7 23 NC 3B PO.51AD5 
10 RST 24 P2.0/AB 39 PO.4/AD4 
11 RxD/P3.0 25 P2.1/A9 40 PO.3/AD3 
12 NC 26 P2.21A10 4'1 PO.21AD2 
13 TxD/P3.1 27 P2.3/A11 42 PO.1fAD1 
14 TI'ITO"/P3.2 2B P2.4/A12 43 PO.OIADO 

29 P2.5IA13 44 Voc 

S53-1462 OS600 
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ORDERING INFORMATION 

PHILIPS 

ROMless ROM 

MAB8032AH-2P MAB8052AH-2P 

MAB8032AH-2WP MAB8052AH-2WP 

MAF8032AH-2P MAF8052AH-2P 

MAF8032AH-2WP MAF8052AH-2WP 

LOGIC SYMBOL 

December 29, 1992 

Drawing 
Number 

SOTl29 

SOT187 

SOT129 

SOT187 

PHILIPS NORTH AMERICA 

ROMlass 

SCN8032HCCN40 

SCN8032HCCA44 

SCN8032HACN40 

SCN8032HACA44 

SCN8032HCFN40 

SCN8032HCFA44 

SCN8032HAFN40 

SCN8032HAFA44 

ROM 

SCN8052HCCN40 

SCN8052HCCA44 

SCN8052HACN40 

SCN8052HACA44 

SCN8052HCFN40 

SCN8052HCFA44 

SCN8052HAFN40 

SCN8052HAFA44 

Q E}ADDRESSAND Ii:_ DATA BUS 

~--+-+ 

~l_~ J- 12 ~r RxD-+ ALEt fi TzD+-
Z 1R1U-+ ::0 .. 
t.L IRTJ ----+ .-
~ 10-+3 ; 11-+1>. 
o WR_ 
() RU-

~ -+} -+ - N-+ 
~ ~ ~ ADDRESS BUS 

lli 
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TEMPERATURE 
Drawing DC FREQ. 
Number AND PACKAGE MHz 

0415C o to +70, Plastic 12 
Dualln-lne 

Package 

0403G o to +70, Plastic 12 
Leaded Chip 

Carrier 

0415C -4010+85, 12 
Plastic Dual 

In-Line Package 

0403G -4010+85, 12 
Plastic Leaded 

Chip Carrier 

0415C o to +70, Plastic 15 
Dual In-Line 

Package 

0403G o to +70, Plastic 15 
Leaded Chip 

Carrier 

0415C -4010+85, 15 
Plastic Dual 

In-Line Package 

0403G -40 TO +85, 15 
Plastic Leaded 

Chip Carrier 
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BLOCK DIAGRAM 

PO.~.7 

r---------------
I ~uw~ 

I 
I 
~ 

I 

D 

I'SEJil 

ALE 

tx 
RST 
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P1.D-P1.7 
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S032AH/S052AH 

P2.0-P2.7 

,...tt1..U.l1..I..I..,----------------1 

___________ --1 

P3.0-P3.7 
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP LCC 

Vss 20 22 

Vee 40 44 

PO.O-O.7 39-32 43-36 

P1.O-Pl.7 1-8 2-9 

1 2 

2 3 

P2.O-P2.7 21-28 24-31 

P3.O-P3.7 10-17 11. 
13-19 

10 11 
11 13 
12 14 
13 15 
14 16 
15 17 
16 18 
17 19 

RST 9 10 

ALE 30 33 

PSEN 29 32 

EA 31 35 

XTALl 19 21 

XTAL2 18 20 

OSCILLATOR 
CHARACTERISTICS 

TYPE NAME AND FUNCTION 

I Ground: OV reference. 

I Power Supply: This is the power supply voltage for nomnal. idle. and power-down operation. 

I/O Port 0: Port 0 is an open-drain. bidirectional 1/0 port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multipleXed low-order address and 
data bus during accesses 10 external program and data memory. In this application. it uses strong 
internal pull-ups when emitting 1 s. 

1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Pins P1.0 and Pl.1 also 
correspond 10 the special functions T2. timer 2 counter trigger input, and T2EX, external input to 
timer 2. the output latch on these two special functions must be programmed 10 one for that 
function 10 operate. Port 1 also receives the low-order address byte during program verification. 

I T2 (Pl.0): "Timer/counter 2 trigger input. 

I T2EX (Pl.1): "Timer/counter 2 external count input. 

I/O Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to external data 
memorl that use 16-bit addresses (MOVX @DPTR). During accesses 10 external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

I/O Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 also serves the special 
features of the SC80C51 family, as listed below: 

I RxD (P3.0): Serial input port 
0 TxO (P3.1): Serial output port 
I IR'rn (P3.2): External interrupt 
I INTf (P3.3): External interrupt 
I TO (P3.4): "Timer 0 exlemal input 
I Tl (P3.5): "Timer 1 external input 

0 WR (P3.6): External data memory write strobe 
0 RD (P3.7): External data memory read strobe 

I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
A small external pull-down resislor (approx 8.2kohm) from RST 10 Vss permits power-on reset 
when a capacitor (approx 10uF) is also connected from this pin to Vee. 

110 Address Latch Enable: Output pulse for latching the low byte of the address during an access 10 
external memory. In normal operation, ALE is emitted at a constant rate 01 116 the oscillalor 
frequency. and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 

a Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory. "!'SEN is activated twice each machine c~~~'N 
except that two "!'SEN activations are skipped during each access to external data memory. 
is not activated during fetches from internal program memory. 

I External Access Enable: EA must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH and lFFFH. II EA is held high. the device executes 
from internal program memory unless the program counter contains an address greater than 
1FFFH. 

I Crystal 1 : Input to the inverting oscillator amplifier and input 10 the internal clock generalor circuits. 

0 Crystal 2: Output from the inverting oscillator amplifier. 

RESET 

XTAL 1 and XTAL2 are the input and output. 
respectively, of an inverting amplifier. The 
pins can be configured lor use as an on-chip 
oscillator, as shown in the logic symbol. 

is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal. because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

A reset is accomplished by holding the RST 
pin high lor at least two machine cycles (24 
oscillalor periods), while the oscillalor is 
running. 

To drive the device from an external clock 
source, XTAL2 should be driven while XTAL 1 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range --B5 to +150 °C 

Voltage on any other pin to Vss --{l.5 to +7.0 V 

Input, output current on any single pin 10 rnA 

Power dissipation 1.5 W 

DC ELECTRICAL CHARACTERISTICS 
Tamb = O°C to +70°C or -40°C to +85°C Vee = 5V +10% Vss = Ov4, 5 -

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

VIL I n put low voltage --{l.5 0.8 V 

VIH Input high voltage; except XTAL2, RST 2.0 Vee+0.5 V 

VIH1 Input high voltage to RST for reset, XTAL2 XTALI to Vss 2.5 Vee+0.5 V 

VOL Output low voltage; ports 1, 2, 36 IOL = 1.6mA 0.45 V 

Vou Output low voltage; port 0, ALE, ~ IOL = 3.2mA 0.45 V 

VOH Output high voltage; ports 1, 2, 3 IOH = --BOuA 24 V 

VOH1 Output high voltage; port 0 in external bus mode, ALE, IOH =-400uA 2.4 V 
1'SE1'I3 

IlL Logical 0 input current; ports I, 2, 3 VIN =0.45V --BOO uA 

IIH1 Input high current to RST for reset VIN = Vee-1.5V 500 uA 

lu Input leakage current; port 0, Ell: 0.45 < VIN < Vee ±10 uA 

IIL2 Logical 0 input current for XTAL2 XTAL1 = Vss, VIN = 0.45V ~.2 rnA 

lee Power supply current All outputs disconnected 175 rnA 
and Ell: = Vee 

CIO Pin capacitance fe = 1 MHz, Tarm = 25°C 10 pF 

Tamb = -40°C to +85°C- Extended temperature range, Vee = 5V ±10%, Vss = OV 

VIH Input high voltage; except XTAL2, RST 2.2 Vee+0.5 V 

VIH1 Input high voltage to RST for reset, XTAL2 XTAL1 to Vss 2.7 V 

11L2 Logical 0 input current for XTAL2 XTAL 1 = Vss, Yin = O.45V ~.5 rnA 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on + 150°C maximum junction temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 

charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
4. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 
5. All voltage measurements are referenced to ground. For testing, all input signals swing between 045V and 2.4V with a transition time of 

20ns maximum. All time measurements are referenced at input voltages of 0.8V and 2.0V and at output voltages of 0.8V and 2.0V as 
appropriate. 

6. VOL is derated when the device rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close as possible to the device. 

Emitting Degraded 
Datum POrls 1/0 Lines VOL (Peak Max) 

Address P2, PO PI, P3 O.BV 
Write Data PO PI, p3, ALE O.BV 

7. CL = 100pF for port 0, ALE and PSEN outputs: CL = BOpF for all other ports. 

December 29, 1992 561 



Philips Semiconductors Microcontroller Products Product specification 

Single-chip 8-bit microcontroller 8032AH/8052AH 

AC ELECTRICAL CHARACTERISTICS 
Tamb = O°C to +70"C or-40"C to -t85°C, Vee = 5V ±10%, Vss = OV1,2 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/lcLCL Oscillator frequency: Speed Versions 
SCN8052 C 3.5 12 MHz 
32MAB8052132 -2 3.5 12 MHz 
SCN8052 F 3.5 15 MHz 
32MAF8052132 -2 3.5 12 MHz 

tLHLL 1 ALE pulse width 127 21cLcL-40 ns 

tAvLL 1 Address valid to ALE low 43 IcLCL-40 ns 

It.LAX 1 Address hold after ALE low 48 IcLCL-35 ns 

tLLlv 1 ALE low to valid instruction in 233 41cLcL-l00 ns 

hPL 1 ALE low to PSEfillow 58 IcLCL-25 ns 

IpLPH 1 PSEfiI pulse width 215 3IcLCL-35 ns 

IpLiv 1 PSEfillow to valid instruction in 125 31cLCL-125 ns 

IpXIX 1 Input instruction hold after PSEN 0 0 ns 

IpXIZ 1 Input instruction float after PSEN 63 IcLCL-20 ns 

tAVIV 1 Address to valid instruction in 302 51cLcL-115 ns 

tpLAZ 1 PSEN low to address float 20 20 ns 

IpXAV 1 PSEN to address valid 75 IcLCL-8 ns 

Data Memory 

tRLRH 2,3 lID pulse width 400 61cLCL-l00 ns 

tWLWH 2,3 WR pulse width 400 61cLCL-l00 ns 

tRLOV 2,3 lID low to valid data in 252 51cLCL-165 ns 

tRHOX 2,3 Data hold after lID 0 0 ns 

tRHOZ 2,3 Data float after RU 97 21cLcL-70 ns 

hov 2,3 ALE low to valid data in 517 81cLcL-150 ns 

IAvov 2,3 Address to valid data in 585 91cLCL-165 ns 

It.LWL 2,3 ALE low to RU orWR low 200 300 3IcLCL-S0 3IcLCL+50 ns 

tAVWL 2,3 Address valid to WR low or RU low 203 41cLCL-130 ns 

tavwx 2,3 Data valid to WR transition 23 IcLCL~ ns 

taVWH 2,3 Data valid to WR high 433 71cLcL-150 ns 

tWHOX 2,3 Data hold after WR 33 IcLCL-SO ns 

tRLAZ 2,3 lID low to address float 20 20 ns 

tWHLH 2,3 RU or WR high to ALE high 43 123 IcLcL-40 IcLCL+40 ns 

External Clock 

IcHCX 5 High time 20 20 ns 

IcLCX 5 Low time 20 20 ns 

IcLCH 5 Rise time 20 20 ns 

IcHCL 5 Fall time 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSEfiI = 100pF, load capacitance for all other outputs = 80pF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (~ time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
p - PSEN 

ALE 

PORTO 

PORT 2 

ALE 

Q - Output data 
R - "RITsignal 
t - lime 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL ~ lime for address valid 

to ALE low. 
tLLPL ~ lime for ALE low to 

PSENlow. 

Figure 1. External Program Memory Read Cycle 

tWHLH 

t-----tLLDV -----~~I 
tLLWL --->-i----tRLRH ------<--I 

PORTO 

PORT 2 P2.D-P2.7 OR AS-A 15 FROM DPH 

Figure 2. External Data Memory Read Cycle 
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A3-A15 

INSTRIN 

AD-A15 FROM PCH 
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ALE "' V 

~IWHlH-

~tllWl tWlWH 

WR 
'\ 

tllAX .- --Jo I- tWHOX tAVll lovwx 
tOVWH 

PORTO ~ A~A7 )< FROM RI OR DPl DATA OUT X AO-A7 FROM PCl INSTRIN 

f-!---- tAVWl --

PORT 2 )< P2.0-P2.7 OR AS-AIS FROM DPH AO-A IS FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

CLOCK 

I ~II- IXHOX I 
IOVXH r-------II 

OUTPUT DATA , 

t 
WRITE TO SBUF 

INPUT DATA 

'---r' 
CLEAR RI + 

SETRI 

Figure 4. Shift Regisler Mode liming 
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Figure 5. External Clock Drive 

2.4

V =X >C 2.0V 

o.'SV _D;;.8;;.V;..... ______ _ 

NOTE: 
AC inputs during testing are driven at 2.4V for a logic '" and O.45V for a logic '0', 
TilTing measurements are made at 2.0V min for a logic '1' and O.BVfor a logic '0', 

Figure 6. AC Testing Input/Output 
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2.4V ---....,.; 

O.45V 

NOTE: 

2.0V 

O.BY 

FLOAT ------lOoj! 
V----2.4V 

2.0V 

O.8V 
"'---- O.45V 

For timing purposes, the float state is defined as the point at which a PO pin 
sinks 2.4mA or sources 400JJA at the VOha,g8 test levels. 

Figure 7. Float Waveform 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The Philips 80C32/80C52187C52 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The CMOS 8XC52 is functionally compatible 
with the NMOS SCN- 803218052 
microcontrollers. The Philips CMOS 
technology combines the high speed and 
density characteristics of HMOS with the low 
power attributes of CMOS. Philips epitaxial 
substrate minimizes latch-up sensitivity. 

The 8XC52 contains an 8k x 8 ROM (80C52) 
EPROM (87C52), a 256 x 8 RAM, 32 I/O 
lines, three 16-bit counterltimers, a 
six-source, two-priority lovel nested intorrupt 
structure, a serial I/O port for either 
multi-processor communications, I/O 
expansion or full duplex UART, and on-chip 
oscillator and clock circuits. 

In addition, the 8XC52 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions te 
be inoperative. 

ORDERING INFORMATION 

• 8OG51 based architecture 

• 803218052 compatible 

- 8k x 8 ROM (80C52) 

- 8k x 8 EPROM (87C52) 

- ROMless (80C32) 

- 256x8RAM 

- Three 16-bit counter/timers 

- Full duplex serial channel 

- Boolean processor 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 

- Idle mode 

- Power-down mode 

• CMOS and TIL compatible 

• Two speed ranges: 

- 3.5 to 16MHz 

- 3.5 to 24MHz 

• Five package styles 

• Extended temperature ranges 

• OTP package available 

ROM ROM EPROM TEMPERATURE RANGE °C AND PACKAGE' 

P80C32EBP N P80C52EBP N P87C52EBP N o te +70, Plastic Dual In-line Package, OTP 

P80C32EBA A P80C52EBA A P87C52EBA A o to +70, Plastic Leaded Chip Carrier, OTP 

P87C52EBF FA o to +70, Ceramic Dual In-line Package, UV 

P87C52EBL KA o to +70, Ceramic Leaded Chip Carrier, UV 

P80C32EBB B P80C52EBB B P87C52EBB B o to +70, Plastic Quad Flat Pack, OTP 

P80C32EFP N P80C52EFP N P87C52EFP N -40 to +85, Plastic Dual In-line Package, OTP 

P80C32EFA A P80C52EFA A P87C52EFA A -40 to +85. Plastic Leaded Chip Carrier, OTP 

P87C52EFF FA -40 to +85, Ceramic Dual In-line Package, UV 

P87C52EFL KA -40 to +85, Ceramic Leaded Chip Carrier, UV 

P80C32EFB B P80C52EFB B P87C52EFB B -4010 +85, Plastic Quad Flat Pack, aTP 

P80C321BP N P80C52IBP N P87C521BP N o to +70, Plastic Dual In-line Package, OTP 

P80C321BA A P80C52IBA A P87C521BA A o to +70, Plastic Leaded Chip Carrier, OTP 

P87C521BF FA 010 +70, Ceramic Dual In-line Package, UV 

P87C521BL KA o to +70, Ceramic Leaded Chip Carrier, UV 

P80C321FP N P80C521FP N P87C521FP N -40 to +85, Plastic Dual In-line Package, OTP 

P80C321FA A P80C521FA A P87C521FA A -40 to +85, Plastic Leaded Chip Carrier, OTP 

P87C521FF FA -40 10 +85, Ceramic Dual In-line Package, UV 

P87C521FL KA -4010 +85, Ceramic Leaded Chip Carrier, UV 

1. OTP = One Time Programmable EPROM. UV = UV erasable EROM 
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FREQ DRAWING 
MHz NUMBER 

16 0415C 

16 0403G 

16 0590B 

16 1472A 

16 1118D 

16 0415C 

16 0403G 

16 0590B 

16 1472A 

16 1118D 

24 0415C 

24 0403G 

24 0590B 

24 1472A 

24 0415C 

24 0403G 

24 0590B 

24 1472A 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

n n rl 
7[ 0 pa. 

Lce 

17[ P2. 
U ;; 18 

Pin Function Pin Function 
1 NC 23 NC 

2 T2IP1.0 2. P2.0/A8 

3 T2EXlPl.l 25 P2.1/A9 

4 Pl.2 26 P2.21Al0 

5 Pl.3 27 P2.31All 

6 Pl.4 28 P2.4/A12 

7 P1.5 2. P2.51A13 

B P1.6 30 P2.6/A14 

9 Pl.7 31 P2.7/A15 

10 RST 32 1'Srn 
11 RxD/P3.0 33 ALEIPROG 

12 NC 34 NC 

13 TxO/P3.1 35 ElWpp ,. lNT0/P3.2 36 PO.7/AD? 

15 lJIITi/P3.3 37 PO.6/ADS 

16 TOJP3.4 38 PO.5!A05 

17 T11P3.S 39 PO.'/Ao. 
18 WF!iP3.6 40 PO.3/AD3 

1. l!0/P3.7 41 PO.21A02 

20 XTAl2 42 PO.lIA01 

21 XTALl .3 Po.o/ADo 
22 VSS 44 VCC 

LOGIC SYMBOL 

January 26, 1993 

PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

44 34 

0 33 

OFP 

11 2. 

12 22 

Pin Function Pin FlM"tCtion 

PL5 23 P2.51A13 

P1.6 2. P2.6/A14 

Pl.7 25 P2.7/A15 

RST 26 1'Srn 
RxD/P3.0 27 ALEfF"ROG 
NC 28 NC 

TxD/P3.1 29 EMpp 

TfITU/P3.2 30 PO.7/AD7 

TNTT/P3.3 31 PO.6IAD6 

10 TO/P3.4 32 PO.5JA05 
11 T1/P3.5 33 POA/AD4 

12 WF!iP3.6 34 PO.3/AD3 

13 RD/P3.7 35 PO.21AD2 

14 XTAL2 36 PO.lIAD1 

15 XTAL1 37 PO.O/AOO 
16 VSS 38 Vce 

17 NC 39 NC 

18 P2.OIAB 40 T2IP1.0 

19 P2.lIA9 41 T2EXPIPl.l 

20 P2.21Al0 42 PL2 

21 P2.31Al1 43 PL3 

22 P2.41A12 44 P1.4 
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.O-O.7 39-32 43-36 37-30 I/O Port 0: Port 0 is an open-drain, bidirectional I/O port PortO pins that have Is written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1 s. Port 0 also outputs the 
code bytes during program verification in the 87C52. External pull-ups are required during 
program verification. 

Pl.O-PL7 1--S 2-9 40-44 110 Pori 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 1 s 
1-3 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 1 pins that are externally pulled low will source current because of the internal pull-ups. 
(See DC Electrical Characteristics: I,Ll. Pins Pl.D and PLI also. Port 1 also receives the 
low-order address byte during program memory verification. Port 1 also serves alternate 
functions for timer 2: 

1 2 40 I T2 (Pl.0): Timer/counter 2 external count input 
2 3 41 I T2EX (Pl.1): Timer/counter 2 trigger input. 

P2.O-P2.7 21-28 24-31 18-25 I/O Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I,Ll. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data 
memory that use 16-bit addresses (MOVX@DPTR). In this application, it uses strong 
internal pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 11, 5, I/O Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: I,Ll. Port 3 also serves the special features of the 80C51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.1): Serial output port 
12 14 8 I JNT!j (P3.2): External interrupt 
13 15 9 I IFITi (P3.3): External interrupt 
14 16 10 I TO (P3.4): Timer 0 external input 
15 17 11 I T1 (P3.S): Timer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 l'ID (P3,7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee. 

ALEIPROG 30 33 27 I/O Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or docking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (l'OOG) during EPROM programming. 

PSrn 29 32 26 0 Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSE1i1 is activated twice each machine 
cycle, except that two PSrn activations are skipped during each access to external data 
memory. PSE1i1 is not activated during fetches from internal program memory. 

El\Npp 31 35 29 I External Access EnableJProgramming Supply Voltage: EJ\ must be externally held low 
to enable the device to fetch code from external program memory locations OOOOH to 
1 FFFH. If EJ\ is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1 FFFH. This pin also receives the 
12.75V programming supply voltage (Vpp) during EPROM programming. 

XTALI 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. --
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-<:hip 
oscillator, as shown in the Logic Symbol, 
page 567. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 

ROM CODE SUBMISSION 

oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-<:hip peripherals stay 
active. The instruction to invoke the ide 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-<:hip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

When submitting ROM code for the 80C52, the following must be specified: 
1. 8k byte user ROM data 

2. 32 byte ROM encryption key 

3. ROM security bits. 

ADDRESS CONTENT BIT(S) 

OOOOH to 1 FFFH DATA 7:0 

2000H to 201 FH KEY 7:0 

2020H SEC 0 

2020H SEC 1 

Security Bit 1: When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 

Table 1, External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE PSEN PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 
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POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-<klwn is the last instruction executed. 
Only the contents of the on-<:hip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-<klwn mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Vee and RST 
must come up at the same time for a proper 
start-up. 

Table 1 shows the state of I/O ports during 
low current operating modes. 

COMMENT 

User ROM Data 

ROM Encryption Key 
FFH = no encryption 

ROM Security Bit 1 

ROM Security Bit 2 
o = enable security 
1 = disable security 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 
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Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C52) 
DC and AC parameters not included here are the same as in the commercial temperature range table. 

DC ELECTRICAL CHARACTERISTICS 
Tarm =-40°C to +85"C Vee =5V+l0% Vss = OV -

SYMBOL PARAMETER 

VIL Input low voltage, except EJ\: 

VIL1 Input low voltage to EJ\: 

VIH Input high voltage, except XTAL 1, RST 

VIHl Input high voltage to XTAL 1, RST 

IlL Logical 0 input current, ports 1, 2, 3 

ITL Logicall-to-O transition current, ports 1, 2, 3 

lee Power supply current: 
Active mode 
Idle mode 
Power-down mode 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER 

Operating temperature under bias 

Storage temperature range 

Voltage on rgiJVpp pin to Vss 

Voltage on any other pin to Vss 

Maximum IOL per I/O pin 

Power dissipation (based on package heat transfer limitations, not 
device power consumption) 

NOTES: 

TEST UMITS 

CONDITIONS MIN MAX UNIT 

--{l.S 0.2Vc~·15 V 

0 0.2V~.35 V 

0.2Vcc+1 Vee+0.5 V 

0.7Vcc+0.1 Vcc+0.5 V 

VIN =0.45V -75 J.IA 
VIN = 2.0V -750 J.IA 

Vee = 4.5--5.5V, 
Frequency range = 19 mA 

3.5 to 16MHz 6 mA 
50 J.IA 

RATING UNIT 

o to +700r-40 to +85 °C 

-<i5 to + 150 °C 

o to +13.0 V 

--{l.S to +6.5 V 

15 mA 

1.5 W 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tarr/) =O°C to +70DC or-40DC to +85°C, VCC = 5V ±10%, Vss = ov (87C52) 
Tarr/) = O°C to +70DC or -40DC to +85DC, Vee = SV ±20%, Vss = ov (80C32180C52) 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN TYp1 MAX UNIT 

Vil Input low voltage, except EJI7 -0.5 0.2Vcc-O.l V 

VIL1 Input low voltage to EJI7 0 0.2Vcc-O.3 V 

VIH Input high voltage, except XTAL I, RST7 0.2Vee+0.9 Vee+0.5 V 

VIH1 Input high voltage, XTAL I, RST7 0.7Vee Vcc+0.5 V 

VOL Output low voltage, ports 1, 2, 39 IOl= 1.6rnA2 0.45 V 

VOL1 Output low voltage, port 0, ALE, l'SEJiI9 IOl=3.2mA2 0.45 V 

VOH Output high voltage, ports 1, 2, 3, ALE, PSEW IOH = -601JA, 2.4 V 
IOH = -25IJA 0.75Vcc V 
IOH =-10IJA 0.9Vcc V 

VOH1 Output high voltage (port 0 in external bus mode) IOH = -800IJA, 2.4 V 
IOH = -300IJA 0.75Vcc V 
IOH =-80IJA 0.9Vee V 

III Logical 0 input current, ports I, 2, 37 VIN = O.45V -50 IJA 

ITL Logical1-to-{) transition current, ports 1, 2,37 See note 4 -850 IJA 

III Input leakage current, port 0 VIN = Vil or VIH ±10 IJA 

Icc Power supply currene See note 6 
Active mode @ 12MHz5 11.5 19 rnA 
Idle mode @ 12MHz 1.3 4 rnA 
Power-down mode 3 50 IJA 

RRsT Internal reset pull-down resistor 50 300 kohm 

CIO Pin capacitance 10 pF 

NOTES: 

1. Typical ratings are not guaranteed. The values listed are at room temperature, 5Y. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOlS of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOl can exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSE!iI' to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 2V. 

5. IccMAX at other frequencies is given by: Active mode: IccMAX = 1.43 X FREQ + 1.9: Idle mode: IccMAX = 0.14 X FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. IccMAX is given in mAo See Figure 8. 

6. See Figures 9 through 12 for Icc test conditions. 

7. These values apply only to T arm = ODC to +70°C. For T amb = -40°C to +85°C, see table on previous page. 
8. Load capacitance for port 0, ALE, and PSE!iI' = l00pF, load capacitance for all other outputs = 80pF. 
9. Under steady state (non-transient) conditions, IOl must be externally limited as follows: 

Maximum IOl per port pin: 15mA ('NOTE: This is 85°C specification.) 
Maximum IOl per 8-bit port: 26mA 
Maximum totallol for all outputs: 67mA 

If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 
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AC ELECTRICAL CHARACTERISTICS 
Tamb = O·C \0 +70·C or--40·C to +85·C Vee = 5V +10% Vss = OV (87C52)1.2. 3 -

24MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/tcLCl 1 Oscillator frequency: Speed Versions 
8XC52 E 3.5 16 MHz 
8XC52 I 3.5 24 MHz 

ItHLL 1 ALE pulse width 43 2tcLCL-40 ns 

I.\VLL 1 Address valid \0 ALE low 28 tcLCL-13 ns 

ItLAX 1 Address hold after ALE low 21 tcLCL-20 ns 

Ituv 1 ALE low \0 valid instruction in 101 4tcLCL~5 ns 

ItLPL 1 ALE low to PSEN low 28 IcLcL-13 ns 

IpLPH 1 P'SEIiJ pulse width 104 3tcLCL-20 ns 

Ipuv 1 P'SEIiJ low to valid instruction in 79 31cLcL-45 ns 

IpXIX 1 Input instruction hold after PSEN 0 0 ns 

IpXIZ 1 Input instruction float after P'SEIiJ 31 tcLCL-l0 ns 

!t.VIV 1 Address to valid instruction in 153 5tcLCL--55 ns 

IpLAZ 1 P'SEIiJ low to address float 10 10 ns 

Data Memory 

tRLRH 2,3 RD' pulse width 149 6tcLCL-l00 ns 

tWLWH 2,3 WR pulse width 149 6IcLcL-l00 ns 

tRLDV 2,3 RD' low to valid data in 118 5tcLCL-90 ns 

tRHDX 2,3 Data hold after RD' 0 0 ns 

tRHDZ 2,3 Data float after HU 55 2tcLCL-28 ns 

hDV 2,3 ALE low to valid data in 224 8tcLCL-I50 ns 

tAvDV 2,3 Address to valid data in 209 9tcLCL-I65 ns 

tLLWL 2,3 ALE low to RD' or WR low 74 174 31cLcL--50 3tcLCL+50 ns 

tAVWL 2,3 Address valid \0 WR low or RD' low 91 41cLcL-75 ns 

tovwx 2,3 Data valid to WR transition 21 tcLCL-20 ns 

tWHQX 2,3 Data hold after WR 21 IcLCL-20 ns 

tRLAZ 2,3 RD' low to address float 0 0 ns 

tWHLH 2,3 RD' or WR high \0 ALE high 21 66 tcLCL-20 tcLCL+25 ns 

External Clock 

teHCX 5 High time 20 20 ns 

teLCX 5 Low time 20 20 ns 

teLCH 5 Rise time 20 20 ns 

tcHCL 5 Fall time 20 20 ns 

Shift Register 

tXLXL 4 Serial port clock cycle time 499 12lcLcL ns 

toVXH 4 Output data setup \0 clock rising edge 283 10teLcL-133 ns 

tXHQX 4 Output data hold after clock rising edge 3 2tcLCL~O ns 

tXHDX 4 Input data hold after clock rising edge 0 0 ns 

tXHDV 4 Clock rising edge \0 input data valid 283 10tcLCL-133 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSEN = l00pF, load capacitance for all other outputs = 80pF. 
3. Interfacing the 80C32152 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 

drivers. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The P - PSEN 
first character is always 'r ( = time). The other a - Output data 
characters, depending on their positions, R - rm signal 
indicate the name of a signal or the logical t - Time 
status of that signal. The designations are: V - Valid 
A - Address W- WR signal 
C - Clock X - No longer a valid logic level 
o - Input data Z - Float 
H - Logic level high Examples: tAVLL = Time for address valid to 
I - Instruction (program memory contents) ALE low. 
L - Logic level low, or ALE ILLPL = Time for ALE low to 

PSENlow. 

ALE 

PORTo AJ>-A7 

PORT 2 A8-A15 

Figure 1. External Program Memory Read Cycle 

ALE 

tWHLH 

;.-----tLLDv -----;·~I 
tLLWL -~c----tRLRH ---~ 

~--------------~--------~ 

PORTO AJ>-A7 FROM pel INSTRIN 

PORT 2 P2.0--P2.7 OR M-A15 FROII DPF AJ>-A 15 FROM PCH 

Figure 2. External Data Memory Read Cycle 
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ALE 

tWHLH -

tLLWL -->ok----twLWH -----.I 

WR -------f-----,I 

tavwx 

PORTO DATA OUT AO-A7 FROM pel INSTRIN 

PORT 2 P2.~P2. 7 OR Aa-A 15 FROM DPF AO-A15 FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

r- tXLXL -1 ------, 
CLOCK 

1 -+1 t+- tXHOX I 
tOVXH ~I 

OUTPUT DATA _____ .... ____ , 

f 
WRITE TO SBUF 

INPUT DATA 

~' 
CLEAR RI t 

SETRI 

Figure 4. Shift Register Mode TIming 

January 26, 1993 575 



Philips Semiconductors Microcontrolier Products Product specification 

CMOS single-chip 8-bit microcontroller 80C32/80C52/87C52 

VCC-O.S 

O.45V 
0.7VCC 

O.2VSS-O·l 

Figure 5. External Clock Drive 

VLOAD'-----< 
VCC-<l.S=>\ >C O.2Vcc+<l·9 

O.4SV .~0_._2V..:C:::C-O:....::.: . .:., ____ _ 

VlOAO+O·1V 

NOTE: NOTE: 

TIM1NG 
REFERENCE 

POINTS 
VOl+O·1V 

AC inputs during testing are driven at Vee -0.5 for a logic '" and O.45V for a logic '0'. 

Timing measurements are made at VIH min for a logic '" and VrL for a logic '0', 

For timing purposes, a port is no longer floating when a l00mV change from load 
vo~age occurs, and begins to ftoat wh8fl a lOOmV change from the loaded VOH! 

VOL level occurs. IOH/10L ~ ±...20mA. 

Figure 6. AC Testing Input/Output 

ICCmA 15 

10 

Figure 7. Float Waveform 

MAX ACTIVE MODE 
ICCMAX = lA3 X FREQ. + 1.9 

TYP ACTIVE MODE 

MAX IDLE MODE 

TYP IDLE MODE 

4MHz 8MHz 12MHz 16MHz 20MHz 

FREQ AT XTAll 

Figure 8. Icc vs. FREQ 
Valid only within frequency specifications of the device under test 
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RST 

RST PO 

- "Ell" 

(NC) XTA1.2 (NC) XTA1.2 

CLOCK SIGNAL XTALI CLOCK SIGNA XTAL, 

vss Vss 

Figure 9. Icc Test Condition, Active Mode 
All other pins are disconnected 

Figure 10. Icc Test Condition, Idle Mode 
All other pins are disconnected 

January 26, 1993 

Ycc-O·5 - - - - ,---... , 
O·7Vcc 

O.45V O.2Vcc-O.' 

IcLCL 

Figure 11. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
IcLCH = IcHCL = Sns 

RST 

(NC) XTA1.2 

XTAL, 

vss 

Figure 12. Icc Test Condition, Power Down Mode 
All other pins are disconnected. Vcc = 2V to S.SV 
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EPROM CHARACTERISTICS 
The 87C52 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIl'ROO pulses. 

The 87C52 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C52 manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C52 is running with a 4 to SMHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALEIl'ROO is pulsed low 25 times as shown 
in Figure 14. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the EAiVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 2. EPROM Progamming Modes 

MODE RST l'SER ALE/l'ROO EJVVpp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O' Vpp 1 

Pgm security bit 1 1 0 O' Vpp 1 

Pgm security bit 2 1 0 O' Vpp 1 

NOTES. 
1. '0' = Valid low for that pin, '1' = valid high for that pin. 

2. Vpp = 12.75V ±O.25V. 
3. Vee = 5V±1 0"10 during programming and verification. 

Product specification 

SOC32/S0C521S7C52 

Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.S 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 

Philips 
(031 H) = 97H indicates 87C52 

ProgramlVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2 . Exposing the EPROM to an 
ultraviolet lamp of 12,OOOI'W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 

P2,6 P3.7 P3,6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

4. 'ALE!P'ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 1001'S (±10fls) and high for a 
mInImum of l0l's. 

'"Trademark phrase of Intel Corporation. 
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Vce 

AG-A7 p, PO PGMDATA 

RST EJINpp +12.75V 

Pl.6 ALE1PIIOO 25 '00"" PULSES TO GROUND 

P3.7 87C52 l'SEII 

XTAL2 P2.7 

"-"MHz P2.6 

XTALl P2.O-P2.4 A8-A12 

Vss 

Figure 13. Programming Configuration 

1~·~-----------------------25PU~ES --------------------------~~I 

IO""MIN -1 ~1·f-------l0!H'±10----....;·~1 
ALEIl'lIO~ o~1 ____________ ~rl~ __________ ~I1~ __ _ 

Figure 14. PROG Waveform 

Vcc 

AG-A7 P' PO PGMDATA 

RST EJlNpp 

P3 .• ALEIPROO 

P3.7 87C52 PSEN 

XTAL2 P2.7 o £mrnU 

P2.6 

XTALI P2.O-P2A AB-A12 

vss 

-

Figure 15. Program Verification 
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CMOS single-chip 8-bit microcontroller 

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
T.ni> = 21"C to +27"C Vcr;; = 5V+10% Vss = ov (See Rgure 16) -

SYMBOL 

VPP 

Ipp 

1IlcLCL 

IAVGL 

IGHAX 

toVGL 

IGHDX 

teHSH 

IsHGL 

IGHSL 

IGLGH 

IAVQV 

teLOz 

teHQZ 

IGHGL 

1'1.11-1'1.1 
P2.Cl-I'2A 

PORTO 

ALEII'llOC 

PARAMETER 

Programming supply voltage 

Programming supply currenl 

Oscillator frequency 

Address selup 10 !'ROO low 

Address hold after l'ROO 

Data setup to !'ROO low 

Data hold after l'ROO 

P2.7 (ENJmI:E) high to Vpp 

Vpp setup 10 !'ROO low 

Vpp hold after l'ROO 

!'ROO width 

Address to data valid 

E1'JJIB[E' low 10 data valid 

Data tloalafter~ 

!'ROO high 10 !'ROO low 

PROGRAMNlNG* 

ADDRESS 

DATA IN 

tDVGL - ~ --- - tGHDX 
tAVGL ~ -------- IGHAX 

~ f\ 
IGLGH ... ~ ..... ... IGHGL 
tSHGL ........ IGHSL 

/ 
/ 

"" LOGIC 0 

--)0 

LOGIC 1 

------------ -----------------------------

P2.1 
EII1iBI.E 

tEHSH 

"FOR PROGRAMMING VERIFICATION SEE FIGURE 13. 
FOR VERIFICATION CONDITIONS SEE FIGURE 15. 

tEL~ 

I 
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80C32180C52187C52 

MIN MAX UNIT 

12.5 13.0 V 

50 mA 

4 6 MHz 

48lcLCL 

48lcLCL 

48lcLCL 

48lcLCL 

481cLCL 

10 I!s 

10 I!s 

90 110 I!s 

48lcLcL 

48lcLCL 

0 48lcLCL 

10 I!s 

VERIFICATION 

ADDRESS 

f.- IAVQV 

DATA OUT 

LOGIC 1 

----------- --- ... --------
tEHOZ 

'I 

Figure 16. EPROM Programming and Verification 
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80C51 Family Derivatives 

8XC053/54/55 OVERVIEW 
The 8XC053/54/55 is an 80C51 derivative 
microcontroller that is designed to control and 
display text information on raster scanned 
video displays, such as televisions and video 
monitors. 

The part consists of: 

• An 80C51 microcontroller core 

• An On-Screen Display (OSD) function 
block 

• Pulse-Width Modulators and an 
Analog-to-Digital converter 

• High voltage (12V) and LED drive outputs 
(10mA) 

The part is available with either 8k (83C053) 
or 16k (83C054/55) bytes of ROM Program 
Memory, or with 16k bytes of EPROM 
Program Memory. The parts are functionally 
identical except for the Program Memory 
differences and are collectively referred to as 
the 8X C053/54/55. 

The EPROM versions, the 87C054/5S, are 
used for product development and for initial 
and lower volume production quantities. Note 
that, owing to requirements for I/O pins, the 
parts are not designed to execute programs 
from external memory. 

The parts are available in a 42-pin Plastic 
Shrink Dual In-Line package as ROM 
(83C053, 83C054, and 83C055) and 
One-Time-Programmable versions 
(87C054/55). 

Development systems and EPROM 
Programmers for the product are available 
from several sources (see section on 
Development Systems and EPROM 
Programmers). 

The basic features of the 8XC053/54/55 are: 

March 1993 

• SOCSI based architecture 

• 192 bytes of on-chip RAM (BXC053/54) 

• 256 bytes of on-chip RAM (8XC055) 

• OSD functional block (described in detail 
later) 

- Inputs to the OSD are· 

Horizontal Sync (HSYNC), Vertical Sync 
(VSYNC), and a Dot, or Pixel, clock from 
an external oscillator (locked to HSYNC). 

- Outputs from the OSD are: 

Three digital video outputs (RGB), a 
Video Multiplexing signal to select 
between 8XC053/54 and base video and 
a Foreground/Background output to 
control overlay background 

• A Character Generator Memory with 60 
character bit-maps, each 18 (vertical) x 14 
(horizontal). The character generator 
memory must be programmed before 
characters can be displayed. The character 
generator memory is not part of an 
emulators writeable control store. 

• 128 x 10 Display RAM. This memory is 
written into by the BOC51 CPU and read by 
the OSD to fetch the pixel data to display 
from the Character Generator Memory. 

• Eight 6-bit Pulse Width Modulators (PWM) 
and one 14-bit high-precision PWM. 

• 4-bit D/A converter and comparator with a 
3-input multiplexer allowing implementation 
of an AID in software. 

• Four high-current (1 OmA) open drain 
outputs. 

• Twelve high voltage (+ 12V) open drain 
outputs. 

A typical application of the 8XC053/54/55 
would be as the central microcontroller in a 
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television set of video monitor. The 
microcontroller would perform the following 
functions: 

• Interface with the Remote control and 
keypad, receive and carry out the user's 
commands. 

• Perform the OSD function to display all 
available control options and settings of 
user--<>ontrollable functions such as channel 
selection, brightness, volume, hue, tint, 
frequency settings (for multi-sync 
monitors), etc. 

• Generate, via the on--<>hip PWMs, control 
voltages for the user--<>ontrollable functions 
to execute user commands. 

• Perform test and diagnostic functions. 

For a standard NTSC TV signal with an 
HSYNC frequency of 15,75OkHz and a 
VSYNC of nominally 60Hz, there are roughly 
50 microseconds of active horizontal scan 
line available. For a typical pixel clock 
frequency is 8MHz, and therefore roughly 400 
pixels of resolution can be obtained. At 14 
dots per character, this means 28 character 
times per horizontal scan. If the 12 dot per 
character display mode is used, that means 
33 character times per horizontal scan. 
Allowing for edge effects, 26 characters (14 
across) or 31 characters (12 across) can be 
displayed. 

Note that VGA rates and higher can be used. 
The minimum character dot size will be a 
function of the VGA frequency used. For a 
640 x 480 display, running at 33kHz, the 
equivalent 8XC053/54/55 pixel resolution is 
about 160 across (because of the 8M Hz 
clock and allowing for overscan). This means 
that status and diagnostic information can be 
displayed on video monitors. 
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80C51 Family Derivatives 

The 8XC053/54/55 On-Screen 
Display (OSO) Block 
Figure 1 is a conceptual drawing of the OSD 
block on the 8XC053/54/55. 

It shows the CPU writing into the 128 x 10 
display RAM, which is dual-ported to allow 
the CPU to write into it at any time, including 
when it is being read out by the OSD logic. 
The 1 O-bit wide data coming out of the 
display RAM is used to access the 
appropriate character in the Character 
Generator memory (6-bits) and to specify 
character and display control functions 
(4-bits). Timing for the OSD is controlled by 
the HSYNC, VSYNC, and dot clock inputs. 

The 8XC053/54/55 features an advanced 
OSD function with some unique features: 

r---

8OC51 
CPU 

'---

-JL-
OSD RAM 
128Xl0 

DUAL-PORTED 

CHARACTER 
GENERATOR 

ADDRESS 
LOGIC 

8XC053/54/55 overview 

r---

~ OSD 
LOGIC 

-

4 ATTRIBUTE 
CONTROL 

RGB 
DIGITAL 

VIDEO OUT 

CHARACTER 
~ GENERATOR 

60 X 18 X 14 

1. User-definable display format: The OSD 
does not restrict the user to a fixed 
number of lines with a fixed number of 
characters per line as other competing 
alternatives do. 

Figure 1_ On-Screen Display (OSO) Block 

Using a fixed number of lines restricts the 
generation of displays that can be 
differentiated from others that use the 
same chip and places limits on screen 
content. 

Using a fixed number of characters per 
line wastes display RAM if a line has less 
than the full number of displayable 
characters (it has to be padded with 
non-visible characters). 

The OSD on the 8XC053/54/55 defines a 
control character (New Line) that has the 
same function as a Carriage Return and 
Line Feed. When the OSD circuitry 
fetches this character from display RAM it 
stops displaying further characters, waits 
for the next horizontal scan line, and 
starts displaying the next character in 
display RAM after the New Line character 
was received The number of lines is thus 
up to the user, within the limits of the 
display and memory, as are the number of 
characters per line. This allows far better 
control of the appearance of the On 
Screen Display. 

2. Dual-Ported Display RAM: The OSD has 
a true display RAM instead of a character 
line buffer. This display RAM is dual 
ported to allow updating the display RAM 
at any time instead of having to wait for a 
vertical retrace. Vertical Sync interrupts 
are supported if flicker-free updates are 
required. 
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3. Colors selectable by character: 
Characters can be displayed on a 
background 01 the base video or a 
programmable background color. The 
background color is selectable by word 
and the choice of background (base 
video/user programmed color) by 
character. 

4. Programmable character size: Normal 
characters are displayed as 18 x 14 
bit-maps. In an interiaced display, 2 fields 
are displayed so that one actually sees a 
36 x 14 pixel size character. The part has 
a double height and width mode which 
displays 36 x 28 pixel size bit maps per 
field. For use in non-interlaced systems, 
the part has a double height mode so that 
the displayed characters have the same 
pixel size (36 x 14) as on an interlaced 
display. 

5. Character shadowing: When characters 
are displayed overlaid on a background of 
base video, a black border around the 
characters makes them highly legible. 
This feature is called shadowing. The 
8XC053/54/55 has 8 shadowing modes to 
allow the user to select various partial 
shadow modes as well as full surround 
shadow. 

582 

6. Short Rows: This mode only displays 4 
horizontal lines. it is used for generating 
underlines. 

7. Programmable polarities: Inputs to the 
OSO can be programmed to be 
recognized as Active-LOW or 
Active-HIGH, also the outputs from the 
OSO. Coupled with the 12V outputs, this 
allows direct interfacing to most video 
signal processing circuits. 

8. Programmable horizontal and vertical 
positions: A pair of registers allow defining 
the starting point of the display. 

9. HSYNC locked dot-clock oscillator: The 
chip is designed to USe an L-C oscillator 
circuit that is started at the trailing edge of 
HSYNC and stopped at its leading edge. 
In practice, this gives a highly consistent 
delay from HSYNC to oscillator start and 
is stable from scan line to scan line so 
that no left margin effects are seen. 

10. Character Generator memory in EPROM: 
On the 87C054/55, the Character 
Generator memory is in EPROM. This 
feature allows quick and inexpensive font 
development and refinement against the 
alternative of doing a masked ROM 
version to see how the final fonts will 
appear. 
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80C51 Family Derivatives 

Differences from the 80C51 

Memory Organization 
The BXC053/54155 differs from the 80C51 in 
that it has either 8k or 16k or on-chip program 
memory, and it is not externally expandable. 
The size of the on-chip data RAM also differs 
in that it is 192 bytes. 

The display RAM, where the contents of the 
screen to be displayed are wrlten by the 
saC51 CPU, and read out and displayed by 
the OSD, is 128 deep by 10 bits wide. The 10 
bits are composed of 6 address bits and 4 
attributs bits; the 6 address bits form the 
address of the character in the 60 x 18 x 14 
bit-map Character Generator memory, the 4 
bits are used to control the attributes of that 
character and of the display. 

Special Function Registers (SFRs) 
The 8XC053/54/55 contains 17 additional 
SFRs in addition to those found on the 
BOCS1. Six of the additional registers control 
the OSD block, ten control the PWMs, and 
one controls the D/A and voltage comparator. 

The six registers that control the OSD block 
are: 

OSAD: Specifies the 7-bit address of the 
display RAM that the CPU uses to 
write into. 

OSAT: Contains the 4 attribute bits for 
character and display control. 

OSDT: Contains thE> 6-bit address of the 
character in the 60 x 18 x 14 
Character Generator bit-map 
memory. 

Writing into OSDT causes the 
contents of OSDT to be 
concatenated with the contents of 
OSAT to form a 1O-bit word that is 
then written into the 128 x 10 
display RAM at the address pointed 
at by OSAD. OSAD is 
auto-incremented after the write. 
Thus, for a series of sequential 
writes, the CPU does not need to 
increment OSAD. If the attribute 
values do not change, this can be 
left unchanged too. 

OSCON: Contains the VSYNC interrupt flag, 
programmable polarity bits, double 
height and background flag output 
control. 

OSORG: Contains the horizontal and vertical 
starting positions for the display in 
terms of multiples of horizontal and 
vertical scan lines. 

OSMOD:Contains bits specifying 12114 
column display and shadowing 
modes. Also has bits contrlling OSD 
enabling/disabling. 

Table 1. 8XC053/54/55 Special Function Registers 

8XC053/54/55 overview 

The ten SFRs that control the PWMs contain 
values and enable bits for the 8 6-bit PWMs 
(PWMO-PWM7) and values and enable bits 
for the 14-bit PWM (TDACL and TDACH). 

The D/A function is controlled by the SAD 
register which allows a successive 
approximations AID function to be performed 
in software. 

Reduced Power Modes 
There is no Idle Mode in the 8XC053/54/55. 
Power Down is supported, but because of a 
resistor ladder in the AID, the power-down 
current is only reduced to 5mA (over V cc 
from 2 to 6V). 

Interrupts 
To enable flicker-free updating of the display, 
a VSYNC interrupt is implemented that can 
be used by the DPU to update the display 
RAM during the vertical retrace. Since the 
part does not have a UART, that interrupt is 
removed. Also, all interrupts have equal 
priority on this part, so there is no IP register. 
Note that to facilitate Pulse-Width 
measurement, one of the external interrupts 
(Externallnt 1) will generate an interrupt, if 
enabled, on both edges to allow easy 
software pluse width measurement. 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

RESET VALUE ADDRESS MSB LSB 

ACC" Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B" B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR Data pointer (2 bytes) 

DPH Data pointer high 83H OOH 

DPL Data pointer low 82H OOH 

AF AE AD AC AB AA A9 A8 

IE" Interrupt enable ASH EA - - EVS ETl EXI ETO EXO OxOOOOOOB 

OSAD On-screen address 9A 

OSAr" On-screen attributes 98 

OSDT On-screen data 99 C7 C6 C5 C4 C3 C2 Cl CO 

OSCOW On-screen display CO Iv Pv Lv Ph Pc Po DH BFe 
control 

OSMOD On-screen display Cl We - Mode Mode - SHM2 SHMI SHMO 
mode 1 a 

OSORG On-screen display C2 HS4 HS3 HS2 HSl HSO VS2 VSl VSO 
origin 
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Table 1. 8XC053/54/55 Special Function Registers (Continued) 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

RESET VALUE ADDRESS MSB LSB 

87 86 8S 84 83 82 81 80 

PO" PortO 80H PWM7 I PWM6 I PWMS I PWM4 I PWM3 I PWM2 I PWMl I TDAC FFH 

97 96 9S 94 93 92 91 90 

Pl" Port 1 90H - I - I - I - I PWMO I AOl2 I AOll I AOIO FFH 

P2" Port 2 AOH A7 A6 AS A4 A3 A2 Al AO FFH 

B7 B6 B5 B4 B3 B2 Bl so 
P3" Port 3 BOH - I - I - I - I rnm I TO I INTI I - FFH 

PCON Power control 87H - I - I - I - I GFl I GFO I PO I OxxxxxxxB 

07 06 OS 04 03 02 01 DO 

PSW" Program status word DOH CY J AC I FO I RSl J RSO I OV I - I P OOH 

PWMO Lo-res pulse width 04 
modulators 

PWMl Lo-res pulse width OS 
modulators 

PWM2 Lo-res pulse width 06 
modulators 

PWM3 Lo-res pulse width 07 
modulators 

PWM4 Lo-res pulse width DC 
modulators 

PWMS Lo-res pulse width DO 
modulators 

PWMS Lo-res pulse width DE 
modulators 

PWM7 Lo-res pulse width OF 
modulators 

OF DE DO DC DB OA 09 08 

SAD" O/A and voltage com- 08 VHi I CHl I CHO I St I SA03 I SA02 I SAOl I SAOO 
parator 

SP Stack pointer 81H 07H 

TDACH Hi-res pulse width 03 
modulators 

TDACL Hi-res pulse width 02 
modulators 

SF BE 80 8C 8B 8A 89 88 

TeON" TImer control 8SH TFl I TAl I TFO I TRO I IEl I ITl I lEO I ITO 

THO TImer high 0 SCH OOH 

THl TImer high 1 SOH OOH 

TLO TImer low 0 SAH OOH 

TL1 TImer low 1 8BH OOH 

TMOO TImer mode 89H GATE I CIT I Ml I MO I GATE I CIT I Ml I MO OOH 
" Bit addressable 
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Philips Semiconductors Microconlroller Products 

Microcontroller for television 
and video (MTV) 

DESCRIPTION 
The Microcontroller lor Television and Video 
(MTV) applications is a derivative 01 Philips' 
industry-standard 80C51 microcontroller that 
is intended lor use as the central control 
mechanism in a television receiver or tuner. 
Providing tuner lunctions and an On Screen 
Display lacility, it represents a 
next-generation replacement lor the currently 
available parts. 

The MTV is available in either an 8K masked 
ROM, 16K masked ROM, or 16K One Time 
Programmable (OTP) EPROM version. The 
only difference between these versions is the 
size or type of program memory. 

FEATURES 
• 8192 x 8 masked ROM (83C053), 

16384 x 8 masked ROM (83C054). or 
16384 x 8 OTP EPROM (87C054) 

• 192x8RAM 

• On Screen Display (OSD) Controller 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
oontrols 

• Flexible formatting with OSD New line 
Option 

.128 x 10 display RAM 

ORDERING INFORMATION 

ROM EPROM 

P83C053BBP NB 

P83C054BBP NB P87C054BBP NB 
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.60 x 18 x 14 character generator ROM 

• Eight text-shadowing modes 

• Text color selectable per character 

• Background oolor selectable per word 

• Background oolor vs. video selectable per 
character 

• Eight 6-bit pulse width modulators lor 
analog voltage integration 

• One 14-bit PWM lor high-precision voltage 
integration 

• D/A converter and comparator with 
three-input multiplexer 

• Nine dedicated I/Os plus 28 port bits 

• 15 port bits have alternate uses 

• Four high-current open-drain port outputs 

• 12 high-voltage (+ 12V) open drain outputs 

• Programmable video input and output 
polarities 

• 80C51 instruction set 

• No external memory capability 

• 42-pin shrink Dual In-line Package 
(O.07-inch center pins) 

• High-speed CMOS technology 

• 5V ± 10% operation 

TEMPERATURE RANGE DC 
AND PACKAGE 

o to +70, 42-Pin Plastic Dual In-line Package 

o to +70, 42-Pin Plastic Dual In-line Package 
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Product specification 

83C053/83C054/87C054 

PIN CONFIGURATION 

VpplTDAC/PO.o 1 

PROGIPWM1/PO, 1 2 

ASEUPWM2JPO.2 3 

PWM3IPO.3 4 

PWM4IPO.4 S 

PWMSIPO.5 6 

PWM6JPO.6 7 

PWM7IPO.7 8 

P2.1 

P2.0 

Vss 

FREQUENCY 
MHz 

3.5 to 12 

3.5 to 12 

DRAWING 
NUMBER 

1680 

1680 

P3.7 

Pl.G 

P3.S 

P3.4 

P3.3/INTO 

P3.2ITO 

P3.0 

RST 

XTAL2 

XTAl1 

BF 

VCLKl 

VSYNC 

HSYNC 

VCTRL 

VID2 

VIOl 

VIDO 

853-156908822 
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Microcontroller for television 
and video (MTV) 

BLOCK DIAGRAM 

1 
AXED INTERNAL 

~ INTERRUPT 
REGISTERS 

LOGIC A, B,PSW, 
PC, DP,SP 

1 
CPU 

r 

I 
I!OPORT 

INTERRUPT I LATCHES, 
LOGIC DRIVERS, 

RECEIVERS 

j 
1 
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RAM 
192x8 

PULSE WIDTH 
MODULATORS: 

ONE 14-BIT 
EIGHTS-BIT 

PORT 
MULllPLEXING 

* 
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(EP)ROM 1 
8192x8 

or TIMER 1 
16384x8 llMERO 

DISPLAY 
RAM 

128x10 

1 
SOFTWARE ON-SCREEN CHARACTER 

CONTROLLER DISPLAY - GENROM 
AID FACIUTV 6Ox18x14 

i 
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Microcontroller for television 
and video (MTV) 83C053/83C054/87C054 

PIN DESCRIPTIONS 

PIN NO. 

MNEMONIC DIP TYPE NAME AND FUNCTION 

VCLKI 28 I Video Clock 1: Input for the horizontal timing reference for the On Screen Display facility. VCLKI 
and VCLK2 are intended to be used with an external LC circuit to provide an on-chip oscillator. 
The period of the video clock is determined such that the width of a pixel in the On Screen Display 
is equal to the inter -line separation of the raster. 

VCLK2 29 0 Video Clock 2: Output from the on-chip video oscillator. 

HSYNC 26 I Horizontal Sync: A dedicated input for a TTL-level version of the horizontal sync pulse. The 
polarity of this pulse is programmable; its trailing edge is used by the On Screen Display facility as 
the referenoe for horizontal positioning. 

VSYNC 27 I Verticaf Sync: A dedicated input for a TTL-level version of the vertical sync pulse. The polarity of 
this pulse is programmable, and either edge can serve as the reference for vertical timing. 

VID2:0 22-24 0 Digital Video bus: Three totem pole outputs comprising digital RGS (or other color encoding) 
from the On Screen Display facility. The polarity of these outputs is controlled by a programmable 
register bit. 

VCTRL 25 0 Video Control: A totem-pole output indicating whether the On Screen Display facility is curren~y 
presenting active video on the VID2:0 outputs. This signal should be used to control an external 
multiplexer (mixer) between normal video and the video derived from VID2:0. The polarity of this 
outputs is controlled by a programmable register bit. 

SF 30 0 Background/Foreground: A totem-pole output which, when VCTRL is active, indicates whether 
the current video data represents a foreground (low) or background (high) dot in a character. This 
signal can be used to reduce the intensity of the background color and thus emphasize the text. If 
a 40-pin version of this part is ever produoed, SF will not be pinned out. 

PO.0-PO.7 1--8 I/O Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs 
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision 
Pulse Width Modulator functions. For each PWM block, a register bit controls whether the 
corresponding pin is controlled by the block or by port 0: port 0 controls the pin immediately after a 
Reset. Regardless of how each pin is controlled, it can be externally pulled up as high as 
+ 12V±5%, and the state of the pin can be read from the Port 0 register by the program. 

1 I Vpp (PO.O) - This pin reoeives the 12V programming supply voltage during EPROM programming. 
2 I PROG (PO.l) - This pin receives the programming pulses during EPROM programming. 
3 I ASEL (PO.2) -Input which indicates which bits of the EPROM address are applied to port 2. 
1 0 TDAC (PO.O) - This is the output for the 14-bit high-precision PWM. 

2--8 0 PWMI-7 (PO.l-PO.7) - Outputs for the 6-bit PWMs 1 through 7. 

Pl.0-Pl.3 9--12 I/O Port 1: A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float. and in 
that state can be used as high-impedanoe inputs. Pl.3 can also serve as the eighth 
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as 
+ 12V±5%. Pl.2:0 have optional alternate use as ADI2:0, inputs to the Software AID conversion 
facility. If a 40-pin version of this part is ever produoed, Pl.3/PWMO will not be pinned out. 

Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for 
Pl.3 only, if the TDAC module presents a O. The state of the pin can always be read from the port 
register by the program. 

9--11 I ADI0-2 (Pl.O-Pl.2) - Inputs for the software AID facility. 
12 0 PWMO (Pl.3) - Output for the PWMO 6-bit PWM. 

P2.0-P2.7 20-13 110 Pori 2: An B-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. P2.3:0 have high current capability (10 mA at 
0.5V) for LEOs. 

Any of the port 2 pins are driven low if the port register bit is written as O. The state of the pin can 
always be read from the port register by the program. 

P3.0-P3.7 34--42 I/O Port 3: An B-bit open-drain bidirectional port. Port 3 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. P3.0, P3.4, and P3.7 can be externally pulled up 
as high as + 12V±5%, while P3.5 and P3.6 have 10mA drive capability. Some olthe port 3 pins can 
also serve alternate functions, as follows: 

35 I INTl (P3.l) - Externallnternupt 1. 
35 I TO (P3.2) - TImer 0 external input. 
37 I INTO (P3.3) - Externallnternupt o. 
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PIN DESCRIPTIONS (Continued) 

PIN NO. 

MNEMONIC DIP TYPE NAME AND FUNCTION 

RST 33 I Reset: If this pin is high for two machine cycles (24 oscillator periods) while the oscillator is running, 
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode, 
as on the 87C751. 

XTALl 31 I Crystal 1 : Inputto the inverting oscillator amplifier and clock generator circuit that provides the timing 
reference for all MlV logic other than the 0$0 facility. XTAL 1 and XTAL2 can be used with a quartz 
crystal or ceramic resonator to provide an on-chip oscillator. Altematively, XTAL 1 can be conncected 
to an external clock, and XTAL21eft unconnected. 

XTAL2 32 0 Crystal 2: Output from the inverting oscillator amplifier. 

Vee I Power Supply: This is the power supply for normal and power-down modes. 

Vss I Ground: OV reference. 

ROM CODE SUBMISSION 
When submitting a ROM code for the 83C053 
or 83C054, the following must be specified: 

PROGRAMMING THE OSD 
EPROM 

The LOWER section of the character is 
programmed when the LSB of the program 
address equals 0, and the UPPER section 
when the LSB equals 1. 1. The 8k byte (83C053), or 16k byte 

(83C054) user ROM program. 

2. The OSD ROM space. 

This information can be submitted in an 
87C054, or in two EPROMs (2764), or 
electronically on the ROM Code Bulletin 
Board (see your local sales office for the 
number). 

ROM CODE SUBMITTAL 
REQUIREMENTS 

ADDRESS CONTENT COMMENT 

OOOOH to User ROM data 
1FFFH 

(83C053) 
DATA OOOH to 

3FFFH 
(83C054) 

COOOHto On-Screen 

CFFFH OSD Display 
character table 
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Overview 
The 0$0 EPROM space starts at location 
COOOH and ends at location CFFFH. 
However, not all locations within this space 
are used, due to the addressing scheme of 
the 0$0. 

The start location of the next character can 
be calculated by adding 40H to the start 
location of the previous character. For 
example, character #1 starts at COOOH; then 
characters 2, 3, and 4 start at C040H, 
COOOH, and COCOH, respectively. 

Character Description 
Each character is 14 bits wide by 18 lines 
high. 

A character is split about a vertical axis into 
two sections, UPPER and LOWER. Each 
section contains 7 bits of the character, such 
that the LOWER section contains 1-7 and 
the UPPER section contains bits 8-14. 

NOTE: During programming and verification, 
each section is programmed using 
bytes of DATA. The MSB of the 
DATA is not used; however, the MSB 
location physically exists, and so will 
program and verify. 
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Character Programming 
An example of an OSD character bit map, 
and the program DATA to obtain that 
character is shown in Table 1. 

OSD EPROM Bit Map 
The mapping for the full OSD EPROM is 
shown in Table 2. 

Example 
To program the character given above into 
the first character location of the OSD 
EPROM would require the following 
address/DATA sequence: 

COOOIOOH; COOlIOOH; 
C003IOOH; COO4IOCH; 
COO6/OCH; COO7/1EH; 
C009/1EH; COOAlOCH; 
COOCIOCH; COODI1EH; 
COOF/lEH; C010I7CH; 
COl217CH; COl311FH; 
C015/1FH; C0161OCH; 
C0181OCH; C019I1EH; 
C01B11EH; COICIOCH; 
C01E1OCH; C01F/lEH; 
C0211OOH; C0221OOH; 

COO2lOOH; 
COO5l1EH; 
COOSIOCH; 
COOBI1EH; 
COOE/OCH; 
C0l1/1FH; 
C014I7CH; 
C017/1EH; 
C01A1OCH; 
COl DI1 EH; 
C0201OOH; 
C023100H 
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Table 1. Example of an OSD Character Bit Map 

CHARACTER BIT MAP 

UPPER LOWER 
<--- --><--- --> 

11111 
43210987654321 

Line 1 --> 00000000000000 
Line 2 ---4 00000000000000 
Line 3 --> 

00111100001100 Line 4 --> 
Line 5 --> 00111100001100 
Line 6 --> 00111100001100 
Line 7 --> 00111100001100 Line 8 --> 
Line 9 --> 00111100001100 
Line 10 --> 00111100001100 
Line 11 --> 00111111111100 
Line 12 --> 

00111111111100 Line 13 --> 
Line 14 --> 00111111111100 
Line 15 --> 00111100001100 
Line 16 --> 00111100001100 Line 17 --> 
Line 18 --> 00111100001100 

00111100001100 
00111100001100 
00000000000000 
00000000000000 

NOTE: 
X can be 0 or I, and will program and verify correctly. 

Table 2. OSD EPROM BH Map 

CHARACTER NO. ADDRESS 

1 COOO 
COOl 
C002 
C003 

· · · C022 
C023 
C024-C03F 

2 C04o-C063 
C064-C07F 

3 C08o-COM 
COM-COBF 

· · · · · · 
62 CFCo-CFE3 

CFE4-CFFF 

63 CFCO-CFE3 
CFE4-CFFF 

64 CFCO-CFE3 
CFE4-CFFF 

NOTE: 
Locations 62, 63, and 64 should be programmed to O's. 

January 26, 1993 

Product specification 

83C053/83C054/87C054 

PROGRAM DATA 

UPPER LOWER 

XOOOOOOO XOOOOOOO 
XOOOOOOO XOOOOOOO 
X0011110 XOOOll00 
XOOllll0 XOOOll00 
XOOllll0 XOOOll00 
XOOllll0 XOOOll00 
XOOll110 XOOOll00 
XOOllll0 XOO01100 
XOOll111 Xlllll01 

X0011111 Xl1111 0 1 
XOOllll1 Xl111101 
XOOll110 XOOOll00 
XOOlll10 XOO01100 
XOOllll0 XOO01100 
X0011110 XOO01100 
XOOlll10 XOOOll00 
XOOOOOOO XOOOOOOO 
XOOOOOOO XOOOOOOO 

CHARACTER LINE NO. COMMENTS 

1 Lower byte 
1 Upper byte 
2 Lower byte 
2 Upper byte 

· · · · · · 18 Lower byte 
18 Upper byte 

Unused 

1-18 
Unused 

1-18 
Unused 

· · · · · · 
1-18 NEWLINE 

Unused 

1-18 BSPACE 
Unused 

1-18 SPLlTBSPACE 
Unused 
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COMPARISON TO THE 80C51 
The elements of the MTVare shown in the 
Block Diagram. The features of the MTV are 
identical to those of the BOCS1, except as 
noted herein. 

Pinout and Testing 
Since neither data nor program memory is 
externally expandable on the MTV, the 8OC51 
pins ALE, EA, and PSEN are not 
implemented on the MTV. 

I/O Ports 
On both the 8OC51 and the MTV, port 0 is 
open-drain, but on the SOC51 it can be used 
for external memory expansion while on the 
MTV its alternate use is for Pulse Width 
Modulated outputs. 

On the SOCS1, port 1 is B bits, is mostly 
unallocated (general purpose), and is 
quasi-bidirectional (that is, having a weak 
pullup transistor that can be overdriven). On 
the MTV it is a 4-bit open-drain port, and 
includes alternate uses for analog inputs and 
aPWMoutpul. 

On the SOC51 , port 2 is quasi-bidirectional 
and can be used for external memory 
expansion; on the MTV, port 2 is open-drain 
and unallocated. 

On the 8OC51 , port 3 is quasi-bidirectional 
and all eight bits have alternate uses. On the 
MTV, three port 3 bits have some of the same 
alternate uses as on the BOC51 but not 
necessarily on the same pins, while five pins 
are open-drain and unallocated. 

Idle Mode 
The idle mode is not implemented on the 
MTV. 

Power-Down Mode 
The power-down mode is not implemented on 
the MTV. The PCON register has the 
following format: 

PCON 

• 2 0 

0-
Interrupts 
The interrupt facilities of the MTV differ from 
those of the BOCSl as follows: 
1. Since there is not a serial port, there are 

no interrupts nor control bits relating to 
this interrupt. The interrupts and their 
vector addresses are as follows: 

Event 
Reset 
External INTO 
TImer 0 
ExternallNTl 
TImer 1 
VSync Start 
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Program Memory 
Address 

000 
003 
OOB 
013 
01B 
023 

2. The VSYNC input used by the On Screen 
Display facility can generate an interrupt. 
The active polarity of the pulse is 
programmable, as described in a later 
section. The interrupt occurs at the 
leading edge of the pulse. 

3. External Interrupt 1 is modified so that an 
interrupt is generated when the input 
switches in either direction (on the 8051, 
there is a programmable choice between 
interrupt on a negative edge or a low level 
on INT1). This facility allows for software 
pulse-width measurement handling of a 
remote control. 

4. The IP register is not used, and the IE 
register is similar to that on the BOC51: 

IE 
4 3 0 

Six-Bit PWM DACs 
The structure of these modules is shown in 
Figure 2. First, the basic MCU clock is 
divided by 4 to get a waveform that clocks a 
6-bit counter which is common to all the 
PWMs, including the 14-bitone. This divided 
clock is hereafter called the PWM counter 
clock. 

Each PWM block has a special function 
register PWMn arranged as follows: 

PW!.ll-PWM7 
76543210 

IPWE I - I PV5 'PV4 I PV.Jp.v2 'PV. 'PVO , 
If the PWE bit for a particular PWM block is 
1 , the block is active and controls its 
assigned port pin; if PWE is 0 the 
corresponding port pin is controlled by the 
port. The "value" field (PV5 ... PVO) of each 
PWM register is compared to (the LS 6 bits 
of) the common counter. When the value 
matches, the output FF is cleared, so that the 
output pin is driven low. When the value rolls 
over to zero, the output FF is set, so that the 
output pin is released. Thus the output 
waveform has a fixed period of 64 PWM 
counter clocks; its duty cycle is determined 
by PWMn.5:0. 

Three of the nine total PWMs operate as 
described above; for three others, both the 
rising and falling edges of the output are 
delayed by one PWM clock; for the remaining 
three, both edges are delayed by two PWM 
clocks. This feature reduces the 
radio-frequency emission that would 
otherwise occur when the counter rolled over 
to zero and all nine open-drain outputs were 
released. 
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14-Bit PWM DAC (TDAC) 
This feature was partially described in the 
preceding section. As shown in Figure 3, the 
6-bit counter used for the lower precision 
PWMs is in fact the least significant part of a 
14-bit counter used for this facility. The nature 
of the counter is such that it can achieve a 
stable output value through its MSB, and the 
value can propagate through logic like that 
shown in Figure 3, and the logic output can 
be stable within one period of the PWM 
counter clock (e.g., 250 ns) if edge-triggered 
logic is used to capture the logic output, or 
within one phase of the PWM counter clock 
(e.g., 125 ns) if a phase of the PWM counter 
clock is used to capture the logic output. For 
cost and die-size reasons, it is preferable that 
the TDAC counter be a ripple counter. 

This feature is controlled by two special 
function registers: 

TOACL 
76543210 

'=I~'-I~'='~'~'~' 
TOACH 

7 543210 

'TOE I -'TO •• ' TO.21 TO" 'T01O 'TO. 'TOO 
When software wishes to change the 14-bit 
value (TDO - TD13), it should first write 
TDACL and then write TDACH. Alternatively, 
if the required precision of the duty cycle is 
satisfied by 6 bits or less, software can simply 
write TDACH. Note from Figure 3 that this 
block includes an "extra" 14-bit latch between 
TDACUH and the comparator and other 
logic. The programmed value is clocked into 
the operative latch when the 7 low-order bits 
of the counter roll over to zero, provided that 
the software is not in the midst of loading a 
new 14-bit value (that is, it is not between 
writing TDACL and writing TDACH). 

In a similar fashion to the lower-precision 
PWMs, this facility has an output FF that is 
set when the lower 7 bits of the counter 
overflowlwrap. The more significant 7 bits of 
the operative latch's programmed value are 
compared for equality against the less 
significant 7 bits of the counter, and the 
output FF is cleared when they match. Thus 
this output has a fixed period of 12B PWM 
counter clocks, and the duty cycle is 
determined by the programmed value. 

For the higher-precision aspect of this 
feature, the 7 more-significant bits of the 
counter are used in a logic block with the 7 
less-significant bits of the programmed value. 
The 7th LSB (binary value 64) of the 
programmed value is ANDed with the 7th 
MSB (12B) of the counter, the 6th LSB of the 
value is ANDed with the counter's 6th and 7th 
MSBs being 10, and so on through the LSB 
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of the programmed value being AN Oed with 
the counter's 7MSBs being 100000. Then 
these 7 ANDed terms are ORed. If the result 
is true!1 at the time the 7 LSBs of the counter 
match the MSBs of the programmed value, 
the output is forced high for 1 (additional) 
PWM counter clock. 

The result is tha~ if the value-64 bit of the 
14-bit value is programmed to 1, every other 
cycle of 128 PWM counter clocks has its duty 
cycle stretched by one counter clock; if the 
value-32 bit is programmed to 1, every 4th 
cycle is stretched, and so on through, if the 
value-l bit is programmed to 1, one cycle out 
of each 128 is stretched. 

Assuming the external integrator can handle 
all this, the net effect is a PWM OAC that has 
the period of a 7-bit design (which makes the 
integrator easier and more feasible to design) 
with the accuracy of a 14-bit one. There is 
some question whether all of the least 
significant bits can be effectively integrated, 
or whether they simply act as a source of 
ripple in the integrated voltage. An obvious 
prerequisite for such precision is that the load 
on the voltage must be very light, like a single 
op amp or comparator. 

The TDAC feature differs from the 
corresponding features of predecessor parts 
in several ways: 

1. The 14-bit value is functionally composed 
of major and minor portions of 7 bits each. 

2. The 14-bit value is programmed as a 
contiguous multi-register value that can 
be manipulated straight-forwardly via 
arithmetic instructions. 

3. As discussed for the 6-bit DACs, both 01 
the preceding parts had a feature 
whereby the PWM output could be 
inverted, redundantly with complementing 
the 14-bit value. This feature has been 
eliminated. 

ADDRESS TYPE 

DATA 
MEMORY 

SPECIAL 
FUNCTION 

REGISTERS 

January 26, 1993 

DIRECT BIT REGISTER USE 

00-07 RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 00) 
OS-OF RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 01) 
10-17 RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 10) 
18-1F RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 11) 
20 07-00 On-<:hipRAM 
21-2E 77-08 On-<:hipRAM 
2F 7F-78 On-<:hipRAM 
30-7F On-chip RAM 

80 87-80 PO PortO 
81 SP Stack Pointer 
82 OPL Data Pointer LSBYTE 
83 OPH Data Pointer MSBYTE 
87 PCON Power Control 
88 8F-S8 TCON Timer Control 
89 TMOO Timer Mode 
8A TLO Timer 0 LSBYTE 
8B TLI Timer 1 LSBYTE 
BC THO Timer 0 MSBYTE 
80 THI Timer 1 MSBYTE 
90 97-90 PI Port 1 
98 9F-98 OSAT On Screen Attributes 
99 OSDT On Screen Data 
9A OSAD On Screen Address 
AO A7-AO P2 Port 2 
A8 AF-AS IE Intennupt Enable 
80 B7-BO P3 Port 3 
CO C7-CO OSCON On Screen Display Control 
Cl OSMOO On Screen Display Mode 
C2 OSORG On Screen Display Origin 
C3 RAMCHR For Test Use Only 
C4 RAMATT For Test Use Only 
00 07-00 PSW Program Status Word 
02 TDACL Hi-Res Pulse Width Modulator 
03 TDACH Hi-Res Pulse Width Modulator 
04-07 PWMO-3 Lo-Res Pulse Width Modulators 
08 OF-08 SAO O!A and Voltage Comparator 
~C-OF PWM4-7 Lo-Res Pulse Width Modulators 
EO E7-EO A Accumulator 
FO F7-FO B B Register 

Figure 1. Data Memory and Special Function Registers on the MTV 
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Software AID Facility 
This facility is shown in Figure 4. It represents 
an alternate use whereby any of the Pl. 0 
through P 1.2 pins can be selected as one 
input of a linear voltage comparator. The 
block includes one special function register: 

SAD 

7 6 5 4 3 2 0 

IVHi ICH11CIIIII SI 

As shown in Figure 4 the other input of the 
comparator is connected to a 4-bit D/A that is 
controlled by the 4 LSBs of the SAD register, 
producing a reference voltage nominally 
O.15625V to 4.84375V by steps of O.3125V. 
The output of the comparator (highnow) can 
be read by the program as the MSB of the 
register, which is bit addressable. 

The St bit should be written as 1 in order to 
initiate a voltage comparison. After writing 
St= 1, the program should include intervening 
instructions totalling at least six machine 
cycles (72 ClK periods or 6 microseconds at 

January 26, 1993 

Figure 2. 6-Bit PWM Logic 

12MHz), before the instruction that accesses 
and tests VHi. 

The chan field controls which pin, if any, is 
connected to this facility: 
CHl CHO pin 
o 0 none 
o 1 Pl.0 
1 0 Pl.l 
1 1 Pl.2 

Port 1 has open-drain drivers which will not 
materially affect an analog voltage as long as 
any and all pins used for software AID 
measurement have corresponding ones in 
the port register. 

On Screen Display (050) MOdule 
This block is the largest of the additions that 
are specific to this product. Its basic function 
is to superimpose text on the television video 
image, to indicate various parameters and 
settings of the receiver or tuner. External 
circuitry handles the mixing (multiplexing) of 
the text and the TV video. 
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LS6 BITS 

The overall OSD block has four input pins: 
two for a video clock, plus the horizontal and 
vertical sync signals. The video clock pins are 
used to connect an lC circuit to an on-chip 
video oscillator that is independent of the 
normal MCU clock. The l and C values are 
chosen so that a video pulse, of a duration 
equal to the VClK period, will produce a 
more-or-less square dot on the screen, that 
is, a dot having a width approximately equal 
to the vertical distance between consecutive 
scan lines. 

The video oscillator is stopped (with VClK2 
low) while horizontal sync is asserted, and is 
released to operate at the trailing edge of 
horizontal sync. This technique helps provide 
uniform horizontal positioning of 
characters/dots from one scan line to the 
next. 

The block has four outputs, three color video 
signals, and a control signal. Since this block 
is the major feature of the part, its main 
inputs and outputs are dedicated pins, 
without altemate port bits. 
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Display RAM 
The OSD of the MTV differs from that in 
preceding devioes in one major way: It does 
not fix the number and size of displayed rows 
of text. Several predecessor parts allowed 
two displayed rows of 16 characters each. 
The MTV simply has 128 locations of display 
RAM, each of which can contain a displayed 
character or a New line character that 
indicates the end of a row. A variant of the 
New Line character is used to indicate the 
end of displayed data. 

The three major elements of the OSD facility 
are shown in the Block Diagram. Each 
display RAM location includes 6 data bits and 
4 attribute bits. The 6 data bits from display 
RAM, along with a line-with in-row count, act 
as addresses into the character generator 
ROM, which contains 60 displayable bit maps 
(64 minus one for each of New line and three 
Space characters). Each bit map indudes 18 
scan lines by 14 dots. The character 
generator ROM is maskable or 
programmable along with the program ROM 
to allow for various character sets and 
languages. 

The programming interface to display RAM is 
provided by three special function registers: 

OSAD 

76 43210 

l-rSADSIOSAoslosAD4jOSAoapsA021osAo'losAool 

OSoT 
765 4 3 2 1 0 

1-1-1050TsloS0T4losoT31050T21050T1loS0Tol 

OSAT (with OSD1 ,.. New Une) 

7 6 5 4 3 

I - I - I - I E -lsR DISh 

OSAT (with OSOT = BSpace or SplitBSpace) 

6 5 3 2 1 0 

OSAT (wi1h OSOT = any other) 

7 6 5 4 1 0 
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OSAD ("On Screen ADress") oontains the 
address at which data will next be written into 
display RAM, while the ten active bits in 
OSDT ("On Screen DaTa") plus OSAT ("On 
Screen ATtributes") correspond exactly to the 
10 bits in each display RAM location. FColor 
indicates the color of foreground (1) pixels in 
the ROM bit map for this character, while B 
indicates whether background (0) pixels 
should show the current background color 
(B=l) or television video (B=O). Thus, for the 
1 bits in a character's bit map, the VID2:0 
pins are driven with (FColor) and VCTRL i5 
driven active, while for 0 bits VID2:0 are 
driven with the background color (except for 
shadow bits) and VCTRL is driven with the B 
bit. 

Writing OSAT simply latches the attribute bits 
into a register, while writing OSDT causes the 
data bus information, plus the contents of the 
OSAT register, to be written into display 
RAM. Thus, for a given display RAM location, 
OSAT should be written before OSDT. If 
successive characters are to be written into 
display RAM with the same attributes, OSAT 
need not be rewritten for each character, only 
prior to writing OSDT for the first character 
with those particular attributes. 

In reality, there is a potential conflict between 
the timing of a write to OSDT and an access 
to display RAM by the OSD logic for data 
display. This is resolved by the use of a true 
dual-ported RAM for display memory. 

OSAD is automatically incremented by one 
after each time OSDT and display RAM are 
written. Except in special test modes that are 
beyond the scope of this spec release, 
display RAM cannot be read by the MCU 
program. 

The OSAT attribute bits associated with the 
BSpace (data=111110), SplitBSpace (111111), 
and New line (111101) characters are 
interpreted differently from those that 
accompany other data characters. With 
BSpace and SplitBSpace, B is interpreted as 
described above, but the 3 color bits specify 
the Background color (BColor) for 
subsequent characters. For BSpace, a 
change in Band BColor becomes effective at 
the left edge of the character's bit map. For 
SplitBSpace, a change in Band BColor 

594 

Product specification 

83C053/83C054/87C054 

occurs halfway through the character 
horizontally. The normal Space character 
(111100) has no effect on the BColorvalue. 

BColor values 000 and 111 minimize the 
occurrence of transient states among the 
VI 02:0 outputs. 

The background color defined by the most 
recently enoountered BSpace or SplitBSpace 
character is maintained on the VID2:0 pins 
except at the following times: 
1. During the active time of HSYNC, 

2. During the active time of VSYNC, 

3. During those pixels of an active character 
that correspond to a 1 in the character's 
bitmap, 

4. During a "shadow' bit. 

The BColor value is not cleared between 
vertical scans, so that if a single background 
color is all that is needed in an application, it 
can be set via a single BSpace character 
during program initialization, and never 
changed thereafter. In order for such a 
BSpace to actually affect the MTV's internal 
BColor register the Mode field of the OSMOD 
register must be set to 01 (or higher) so that 
the OSD hardware is operating. 

With a New Line character, if the E bit is 1, no 
further rows are displayed on the screen. If E 
is 0 and D is 1, all of the characters in the 
following row are displayed with Double 
height and width. If E is 0 and Sh is 1, all of 
the characters in the following row are 
displayed with shadowing, as described in a 
later section. If E is 0 and SR is 1, the next 
row is a "short row": It is only 4 or 8 scan 
lines high rather than 18 or 36. Short rows 
can be used for underlined text. 

The latches in which the E, D, Sh, and SR 
bits are captured are cleared to zero at the 
start of each vertical scan. This means that if 
the first text line on the screen is a short row, 
or if it contains either double size or 
shadowing, the text must be preceded by a 
New Line character. Like all such characters, 
this initial New Line advances the vertical 
screen position; the VStart value (see below) 
should take this fact into account. 
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Other OSD Registers 
A number of changes in the OSD architecture 
have reduced the number of other special 
function registers involved in the feature, 
below the number needed with predecessor 
devices: 
1. The elimination of certain options such as 

4, 6, or ax character sizes and alternate 
use of two of the video outputs. 

2. The moving of certain other options from 
central registers to display RAM, such as 
foreground color codes and background 
selection. 

OSCON 

7 

L~ I Pv Lv I Ph Pc Po I DH I BFe I 
The IV bit is the interrupt flag for the OSD 
feature. It is set by the leading edge of the 
VSYNC pulse, and is cleared by the 
hardware when the VSYNC interrupt routine 
is vectored to. It can also be set or cleared by 
software writing a 1 or 0 to this bit. 

NOTE 
It is theoretically possible that a VSYNC 
interrupt could be missed, or an extra one 
generated, if OSCON is read, then 
modified internally (e.g., in Ac), and the 
result written back to OSCON. However, 
none of the other bits in OSCON are 
reasonable candidates for dynamic 
change. Special provisions are included in 
the MTV logic so that IV will not be 
changed by a single "read-modify-write" 
instruction such as SETB or CLR, unless 
the instruction specifically changes IV. 

A 0 (I) in Pv designates thatthe VSYNC 
input is high-active (low-active). One effect of 
this bit is that the VID2:0 and VCTRL outputs 
are blocked (held at blacklinactive) during the 
active time of VSYNC. The IV bit is set on the 
leading edge of the VSYNC pulse; thus Pv 
controls whether the OSD interrupt occurs in 
response to a high-to-low or low-to-high 
transition on VSYNC. 

A 0 (I) in Lv designates that the leading edge 
(active level) of VSYNC, as defined by Pv, 
clears the state counter that is used to 
determine the vertical start of on-screen data. 
In effect, Lv~O{ 1) says that the leading 
(trailing) edge of VSYNC is the time 
reference for the video field. 

A 0 (I) in Ph designates that the HSYNC 
input is high-active (low-active). 

A 0 (I) in Pc designates that a high (low) on 
the VCTRL output means "show the color on 
VID2:0". 
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A 0 (I) in Po designates that a 0 (I) internal 
to the MTV corresponds to a low on one of 
the VID2:0 pins. This control bit is needed 
only because the Shadowing feature needs to 
generate black pixels without reference to a 
register value: Internally, the 3-bit code 000 
always designates black. 

If DH is 1, character sizes are doubled 
vertically but not horizontally. This feature 
allows the MTV to be used in "improved 
definition" systems that are not interlaced. 
The vertical doubling imposed by DH does 
not affect the VStart logic described below: It 
operates in HSync units regardless 01 DH or 
D. 

If BFe is 1, the BF output tracks whether 
each bit in displayed characters is a 
foreground bit (low) or a background bit 
(high). If BFe is 0, the BF pin remains high. 

OSORG 

76543210 

I~I~I~I-I~I=I-I~I 
The HStart field (HS4 - HSO) defines the left 
end (start) of all of the on-screen character 
rows, as a multiple of four VCLKs. Active 
display begins 4{HStart)+ 1 VCLKs plus one 
single-sized character width after the trailing 
edge of HSYNC. Counting variations in Wc, 
there may be 17 to 143 VCLKs from the end 
of HSYNC to the start of the first character of 
each row. 

The VStart field (VS2 - VSO) defines the top 
(start) of tho first on-screen character row, as 
a multiple of four HSYNC pulses. Active 
display begins 4(VStart)-1 HSYNCs after the 
field's time reference point, a range of 3 to 
31. Subsequent character rows occur directly 
below the first, such that the last scan line of 
one roW is directly fallowed by the first scan 
line of the next row. Successive New Line 
characters (with or without the Short Row 
designation) can be used to vertically 
separate text rows on the screen. 

Neither the HStart nor VStart parameter is 
affected by the D line attribute that is used to 
display double-sized characters. 

OSMOD 

76543210 

I We I -I Mode. I ModeO I - I $HM2 1 $HMl I SHMO I 
If the mode bits (Mode 1, Mode 0) are 00, the 
OSD feature is disabled. The VCLK oscillator 
is disabled, VID2:0 are set to black, and 
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VCTRL is held inactive.This is the mode to 
which the MTV OSD logic is reset. A direct 
transition from this mode to active display 
(I x) would result in undefined operation and 
visual effects for the duration of the current 
video field (until the next VSYNC). 

If the mode is 01, the VCLK oscillator is 
enabled and the OSD logic operates normally 
internally, but VID2:0 are set to black and 
VCTRL is held inactive. The OSD feature can 
be toggled between this state and 1 x as 
desired to achieve real-time special effects 
such as "vertical wiping." 

Mode 10 represents normal OSD operation. 
Active characters can be shown against TV 
video (for characters with B~O) or (for 
characters with B~ 1) against a background of 
the color defined as an attribute of BSpace 
and SplitBSpace characters. 

In mode 11, characters can be displayed but 
all of the receiver's normal video is inhibited 
by holding VCTRL asserted throughout the 
active portion of each scan line. Since VID2:0 
are driven with the current background color 
during this time, except during the foreground 
portion oi displayed characters, this produces 
text against a solid background. This mode is 
useful for extensive displays that require user 
concentration. 

If Wc is 1, then each displayed character is 
horizontally terminated after 12 bits have 
been output, as opposed to after 14 bits if Wc 
is O. This allows text to be "packed" more 
tightly so that more characters can be 
displayed per line. In effect, the 2 bits out of 
the display ROM, which would otherwise be 
the rightmost 2 of the 14, are ignored when 
Wc is 1. Clearly, if this feature is to be used, it 
must be accounted for in the design of the bit 
maps in the display ROM. 

The 3-bit ShMode field (SHM2 - SHMO) 
determines how characters are shadowed in 
rows lor which the SH row attribute is 1. As 
shown in Figure 5, the values 000-110 
indicate an apparent light source position 
ranging from the lower left clockwise to the 
lower right, while the value 111 indicates 
full-surround shadowing. 

Under some conditions writing to OSMOD 
while the display is active can cause a 
temporary flicker during that display field. 
This can be avoided by only writing to 
OSMOD during the vertical sync interval. 
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BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBFFFFFFFFFFBB BBFFFFFFFFFFBB 
BBFFFFFFFFFF"B BBFFFFFFFFFFBB 
BBP""·"" " " "" B BBFF""" " " "" " BB 
BBF"BBBBBBBBBB BBFFBBBBBBBBBB 
BBF" BBBBBBBBBB BBFFBBBBBBBBBB 
BBF"BBBBBBBBBB BBFFBBBBBBBBBB 
BBFFFFFFFFBBBB BBFFFFFFFFBBBB 
BBFFFFFFFF"BBB BBFFFFFFFFBBBB 
BBF" " " * * * " " BBB BBFF"""" "" BBBB 
BBF"BBBBBBBBBB BBFFBBBBBBBBBB 
BBF"BBBBBBBBBB BBFFBBBBBBBBBB 
BBF"BBBBBBBBBB BBFFBBBBBBBBBB 
BBFFFFFFFFFFBB BBFFFFFFFFFFBB 
BBFFFFFFFFFF"B BBFFFFFFFFFFBB 
BBB"""""""""" B BB""""""""" " BB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 

ShMode=010 ShMode=011 

BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBFFFFFFFFFF"B BBFFFFFFFFFFBB 
BBFFFFFFFFFF"B BBFFFFFFFFFFBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFFFFFFFF"BBB BBFFFFFFFFBBBB 
BBFFFFFFFF"BBB BBFFFFFFFFBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFF"BBBBBBBBB BBFFBBBBBBBBBB 
BBFFFFFFFFFFFB BBFFFFFFFFFFBB 
BBFFFFFFFFFF*B BBFFFFFFFFFFBB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 

ShMode=OO1 No Shadowing 

BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBB·""""""""" B B""""""""" """ B 
BBFFFFFFFFFF"B B" FFFFFFFFFF" B 
BBFFFFFFFFFFBB B" FFFFFFFFFF" B 
BBFF"BBBBBBBBB B" F F" " " " " " " " " B 
BBFF*BBBBBBBBB B*FF"BBBBBBBBB 
BBFF*BBBBBBBBB B*FF"BBBBBBBBB 
BBFF" * * * * * * BBB B* FF* *" * * * * BBB 
BBFFFFFFFF"BBB B* FFFFFFFF* BBB 
BBFFFFFFFFBBBB B" FFFFFFFF* BBB 
BBFF*BBBBBBBBB B* FF"" * * * * * BBB 
BBFF*BBBBBBBBB B" FF" BBBBBBBBB 
BBFF*BBBBBBBBB B" FF* BBBBBBBBB 
BBF F" * " " * * " " * B B* F F* * * * * " " " * B 
BBFFFFFFFFFF"B B" FFFFFFFFFF" B 
BBFFFFFFFFFFBB B" FFFFFFFFFF" B 
BBBBBBBBBBBBBB B* " " " " " " " " " " * B 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 

ShMode=OOO ShMode=111 
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BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBFFFFFFFFFFBB 
B" FFFFFFFFFFBB 
B" FF" " "" "" " BBB 
B"FFBBBBBBBBBB 
B" FFB BBBBBBBBB 
B"FFBBBBBBBBBB 
B"FFFFFFFFBBBB 
B"FFFFFFFFBBBB 
B" FF" "*"" BBBBB 
B"FFBBBBBBBBBB 
B"FFBBBBBBBBBB 
B" FFBBBBBBBBBB 
B"FFFFFFFFFFBB 
B" FFFFFFFFFFBB 
B""" " """""" BBB 
BBBBBBBBBBBBBB 

ShMode=100 

BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
B* FFFFFFFFFFBB 
B"FFFFFFFFFFBB 
B"FFBBBBBBBBBB 
B"FFBBBBBBBBBB 
B" FFB BBBBBBBBB 
B" FFBBBBBBBBBB B is a background (video 
B"FFFFFFFFBBBB or BColor) pixel 

B" FFFFFFFFBBBB 
F is a foreground-color pixel 

B* FFBBBBBBBBBB 
• is a black pixel 

B"FFBBBBBBBBBB 
B*FFBBBBBBBBBB 
B"FFBBBBBBBBBB 
B"FFFFFFFFFFBB 
B"FFFFFFFFFFBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 

ShMode=101 

BBBBBBBBBBBBBB 
B"""" * *"""" BBB 
B"FFFFFFFFFFBB 
B"FFFFFFFFFFBB 
B"FFBBBBBBBBBB 
B*FFBBBBBBBBBB 
B* F FB BBBBBBBBB 
B* FF*"" * * BBBBB 
B'FFFFFFFFBBBB 
B* FFFFFFFFBBBB 
B*FFBBBBBBBBBB 
B"FFBBBBBBBBBB 
B*FFBBBBBBBBBB 
B" FF*"" *""" BBB 
B" FFFFFFFFFFBB 
B*FFFFFFFFFFBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 

ShMode=110 

Figure 5. Effect of Shadowing on the Letter "E" 
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DC ELECTRICAL CHARACTERISTICS 
Vee ~ 5V ±10%, Ta.,.., ~ O°C to +70°C 

SYMBOL PARAMETER 

VIL Input low voltage 

VIL1 Input low voltage (VSYNC, HSYNC) 

VIH1 Input high voltage (P1.2:0, P2.7:0, P3.6:5, P3.3:1, 
VSYNC, HSYNC) 

VIH2 Input high voltage (port 0, P1.3, P3.7, P3.4, P3.0) 

VIH3 Input high voltage (VSYNC) 

VIH _ Vee Input high voltage (port 0, P1.3, P3.7, P3.4, P3.0) with 
respect to Vee 

VIH Input high voltage (XTAL 1, VCLK1, RST) 

Vall Output low voltage (P2.3:0, P3.6:5) 

VOL2 Output low voltage (TDAC, PWMO:7) 

VOL3 Output low voltage (all other outputs) 

VOH Output high voltage (pert 1, VID2:0, VCTRL, BF) 

RAsT Reset pulldown resistor 

Cia Pin capacitance 

IpD Power-down current 

Icc Normal mode supply current 

HYS Hysteresis (VSYNC, HSYNC) 

NOTES: 

TEST 

CONDITIONS 

IOL = 10mA 

IOL ~ 700fJA 

IOL = 1.6rnA 

IOH = -60 fJA 

Test Ireq = 1 MHz, 
Ta.,.., ~ 25°C 

Vee = 2t06V 

Vee =5.5V 

Either HSYNC polarity 
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LIMITS 

MIN MAX UNIT NOTES 

-{l.5 0.2Vec-{)·1 V 

-{l.5 O. 16xVee V 

0.2Vee+O.9 Vee+0.5 V 

0.2Vee+0.9 12.6 V 

0.6 x Vee Vee + 0.5V V 

8 V 1 

0.7Vec Vee+0.5 V 

0.5 V 5 

0.5 V 2 

0.45 V 

2.4 V 

50 300 kn 

10 pF 
4 

5 mA 

30 mA 3 

0.8 V 

1. This maximum applies at all times, including during power switching, and must be accounted lor in power supply design. During a power-on 
process, the + 12 volt source used lor external pullup resistors should not precede the Vee of the MTV up their respective voltage ramps by 
more than this margin, nor, during a power-down process, should Vee precede + 12V down their respective voltage ramps by more than this 
margin. 

2. The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a pert output, the rating is 
as given subsequently. 

3. Icc measured with OSD block initialized and Reset remaining low. 
4. The capacitance of pins PO.O and PO.7 for the 87C054 exceeds 10pF. PO.O is 40pF maximum, while PO.7 is 20pF maximum. 
5. No more than 6 (any 6) of these 10 high current outputs may be used at the VOLl (IOL = 10mA) specification. The other 4 should comply with 

the VOL3 specification (IOL = 1.6mA). 
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AC ELECTRICAL CHARACTERISTICS 
v cc ~ 5V+10°j, T 0, amb = O°C to +70°C 

SYMBOL PARAMETER 

1/lcLCL XTAL Frequency 

IcHCX XTAL 1 Clock high time 

IclCX XTAL 1 Clock low time 

IcLCH XTAL 1 Clock rise time 

tcLCl XTAL 1 Clock fall time 

1/tVClCl VCLK Frequency 

~VCOfrtvcoL I Rise vs. fall time skew on anyone of VI D2:0, VCTRL, BF 

kVCOH,-tVCOH21 Rise time skew between any two of VID2:0, VCTRL, BF 

kVCOl,-tVCOL21 Fall time skew between any two of VID2:0, VCTRL, BF 

NOTES: 
1. The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate. 
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TENTATIVE LIMITS 

MIN MAX UNIT NOTES 

6 12 MHz 1 

20 ns 2 

20 ns 2 

20 ns 2 

5 20 ns 2 

5 8 MHz 

40 ns 3 

30 ns 3 

30 ns 3 

2. These parameters apply only when an external clock signal is used. . . 
3. These parameters assume equal loading at Cl ~ 100pF, for all the referenced outputs. These parameters are specIfied but not tested. 

PROGRAMMING 
CONSIDERATIONS 

EPROM Characteristics 
The 87C054 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
S7CS1 It differs from these devices in that a 
serial data stream is used to place the 
S7C751 in the programming mode. 

Figure 6 shows a block diagram of the 
programming configuration for the 87C054. 
Port pin PO.O is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 2 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 2 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 2 for at least 
two clock cycles after ASEL is driven low. 
Par! 2 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 2 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
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pulsed high only to change the high byte of 
the address. 

Port 3 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 2. 

The XTAL 1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the S7C054 into 
various programming modes. This pattern 
consists of a 1 O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XI. 

Programming Operation 
Figures 7 and 8 show the timing diagrams for 
the programlverify cycle. RESET should 
initially be held high for at least two machine 
cycles. PO. 1 (PGMI) and PO.O (Vpp) will be at 
Vall as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 110 ports and the 
programming oquipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V1H). 
The RESET pin may now be used as the 
serial deta input for the data stream which 
places the 87C054 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
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time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 2 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (PO.O). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 3. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.1). These pulses 
are created by driving PO.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 

The Vpp signal may now be driven to the VOH 
level, placing the 87C054 in the verify mode. 
(Par! 3 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Par! 3. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be program med to Port 3 and 
issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the VOH 
level and verifying the byte. (See Table 3.) 
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Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about I 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 

erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourtess 
part number 23~ or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 

Table 3. Implementing ProgramNerify Modes 

OPERATION SERIAL CODE PO.l (PGM/) PO.O(Vpp) 

Program user EPROM 286H -* Vpp 

Verify user EPROM 286H VIH V1H 

NOTE: 
* Pulsed from VIH to VIL and returned to V1H· 

EPROM PROGRAMMING AND VERIFICATION 
Tamb=21°Cto+27°C Vcc = 5V+IO% Vss=OV -

SYMBOL PARAMETER MIN 

1IlcLCL Oscillator/clock frequency 1.2 

angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultravioiet lamp of 12,00011W/cm2 rating for 
20 to 39 minutes, at a distance of about I 
inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 

MAX UNIT 

6 MHz 

tAVGL* Address setup to PO.I (PROG-) low lOllS + 24lcLCL 

IGHAX Address hold after PO. I (PROG-) high 48lcLCL 

IovGL Data setup to PO. 1 (PROG-) low 38lcLCL 

IovGL Data setup to PO. I (PROG-) low 38lcLcL 

IGHDX Data hold after PO. 1 (PROG-) high 36lcLCL 

IsHGL Vpp setup to PO. I (PROG-) low 10 11" 

IGHSL Vpp hold after PO. 1 (PROG-) 10 11" 

IGLGH PO.I (PROG-) width 90 110 11" 

tAvav" Vpp low (Vcc) to data valid 48IcLCL 

IGHGL PO.l (PROG-) high to PO.I (PROG-) low 10 11" 

IsYNL PO.O (sync pulse) low 4lcLCL 

IsYNH PO.O (sync pulse) high BIcLCL 

tMASEL ASEL high time 13lcLcL 

IMAHLD Address hold time 2lcLCL 

IHASET Address setup to ASEL 13lcLCL 

IAOSTA Low address to address stable 13lcLCL 

NOTES. 
* Address should be valid at least 24lcLCL before the rising edge of PO.O (Vpp). 
•• For a pure verify mode, i.e., no program mode in between, t,wav is 14lcLCL maximum. 
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PROGRAMMING 
PULSES 

VppNIH VOLTAGE 
SOURCE 

CLKSOURCE 

XTAL1 

A 

AO-A15 

DDRESS STROBE 

y 

MIN 2 MACHINE 

87C054 

P2.1H'2.7 Vcc .sv 

PO.21ASEL VSS 

-=1=-
PO.1 

PO.o 
P3.!H'3.7 DATA BUS 

XTAL1 

RESET I CONTROL 
LOGIC I RESET 

Figure 6. Programming Configuration 

I_ CYCLES .1_ TEN-BIT SERIAL CODE _I 

~ LI_Bl_T_D~~BI_T_'~_Bl~T~2-L~BI_T~3~ __ Bl_T~4~~BI~T~5~I~BI~T~6~1~BI~T~7-L~BI~T~a~~BI~T~9~1 ____ ___ RESET 

PO.D UNDERNED I 
PO.1 UNDERNED I 

Figure 7. Entry into ProgramNerify Modes 

12.75V 

PO.O(Vpp) 5V I \SV 

~ r- tsHGL -1 ~ fGHSL 

25 PULSES 

I I 
PO.1 (PGII) LJUL~ 

I- ... 1 tYASEL fGLGHH -1 r- IGHGL 

~J \ 
98~.MIN 1D~MlN 

PD.. (ASEL) 

IHASE,I- -I -IIHAHLD 

PORT. =>< IIGH ADDRESS X LOW ADDRESS 

H 'OVGL tGHDXI- + IAVQV -----1 
PORT 3 INVAUDDATA DATA TO BE PROGRAMMED INVAUD DATA VAUD DATA 

... 1«£------- VERIFY MODE ---------l~-- PROGRAM MODE -I- VERIFY MODE 

Figure 8. ProgramNerify Cycle 
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DESCRIPTION 
The Microcontroller for Television and Video 
(MTV) applications is a derivative of Philips' 
industry-standard SOC51 microcontroller that 
is intended for use as the central control 
mechanism in a television receiver or tuner. 
Providing tuner functions and an On Screen 
Display facility, it represents a 
next-generation replacement for the currenUy 
available parts. 

The MTV is available in either a 16K masked 
ROM, or a 16K One Time Programmable 
(OTP) EPROM version. 

FEATURES 
• 16384 x 8 masked ROM (83C055), or 

16384 x 8 OTP EPROM (SlC055) 

• 256xS RAM 

• On Screen Display (OSD) Controlier 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
controls 

• Flexible formatting with OSD New Une 
Option 

.128x 10 display RAM 

• Designed for reduced RFI (Radio 
Frequency Interference) 

ORDERING INFORMATION 

ROM EPROM 

P83C055BBP NB P8lC055BBP NB 

June 18, 1992 

• 60 x lS x 14 character generator ROM 

• Eight text-shadowing modes 

• Text color selectable per character 

• Background color selectable per word 

• Background color vs. video selectable per 
character 

• Eight6-bit pulse width modulators for 
analog voltage integration 

• One 14-bit PWM for high-precision voltage 
integration 

• D/ A converter and comparator with 
three-input multiplexer 

• Nine dedicated lias plus 28 port bits 

• 15 port bits have altemate uses 

• Four high-current open-drain port outputs 

.12 high-voltage (+12V) open drain outputs 

• Programmable video input and output 
polarities 

• SOC51 instruction set 

• No extemal memory capability 

• 42-pin shrink Dual In-Line Package 
(O.Ol-inch center pins) 

• High-speed CMOS technology 

• 5V ± 10% operation 

TEMPERATURE RANGE ·C 
AND PACKAGE 

o to +70, 42-Pin Plastic Dualln-Une Package 
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PIN CONFIGURATION 

VppITDAClPO.o • 

PROGiPWII.IPO.. 2 

ASELJPWII2IPO.2 3 

PWII3IPO.3 4 

PWII4IPO.4 5 

PWIIS1PO.5 6 

PWII6IPO.6 7 

PWIO/PO.7 8 

P2.. 

P2.0 

Vss 

FREQUENCY 
MHz 

3.5 to 12 

Vee 
P3.7 

P3.6 

P3.s 

P3.4 

P3.3ilNTO 

P3.2ITO 

P3.UNT. 

P3.0 

RST 

XTA1.2 

XTALl 

BF 

VCLK2 

VClK1 

VSYNC 

HSYNC 

VCTRL 

VID2 

VIOl 

VIOO 

DRAWING 
NUMBER 

1680 
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BLOCK DIAGRAM 

1 
RXED INTERNAL I INTERRUPT 

REGISTERS RAM 

LOGIC A, B, PSW, 256 .. 
PC, Dp,SP 

1 
CPU 

r 

I 
VOPORT PULSE WIDTH 

INTERRUPT I LATCHES, MODULATORS: 
LOGIC DRIVERS, ONE 14-BIT 

RECBVERS EIGHT &-BIT 

I 
PORT 

MULllPLEXlNG 

t 
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1 
(EP)IIOII 
16384)(. llMER1 

llMERO 

DISPLAY 
RAM 

128x10 

! 
SOFTWARE ~REEN 1- CHARACTER 

CONTROLLER DISPLAY GENROM 
AID FACiUTY 6Ox18x14 

f 
I 
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PIN DESCRIPTIONS 

PIN NO. 

MNEMONIC DIP TYPE NAME AND FUNCTION 

VCLKI 28 I Video Clock 1: Input for the horizontal timing reference for the On Screen Display facility. VCLKI 
and VCLK2 are intended to be used with an external LC circuit to provide an on-chip oscillator. 
The period of the video clock is determined such that the width of a pixel in the On Screen Display 
is equal to the inter-fine separation of the raster. 

VCLK2 29 0 Video Clock 2: OUtput from the on~hip video oscillator. 

HSYNC 26 I Horizontal Sync: A dedicated input for a TTL -level version of the horizontal sync pulse. The 
polarity of this pulse is programmable; its trailing edge is used by the On Screen Display facility as 
the reference for horizontal poSitioning. 

VSYNC 27 I Vertical Sync: A dedicated input for a TIL-level version of the vertical sync pulse. The polarity of 
this pulse is programmable. and either edge can serve as the reference for vertical timing. 

VID2:0 22-24 a Digital Video bus: Three totem pole outputs comprising digital RGB (or other color encoding) 
from the On Screen Display facility. The polarity of these outputs is controlled by a programmable 
regi ster bit. 

VCTRL 25 0 Video Control: A totem-pole output indicating whether the On Screen Display facility is currently 
presenting active video on the VID2:0 outputs. This signal should be used to control an external 
multiplexer (mixer) between normal video and the video derived from VID2:0. The polarity of this 
outputs is controlled by a programmable register bit. 

BF 30 a Background/Foreground: A totem-pole output which, when VCTRL is active, indicates whether 
the current video data represents a foreground (low) or background (high) dot in a character. This 
signal can be used to reduce the intensity of the background color and thus emphasize the text. If 
a 40-pin version of this part is ever produced, BF will not be pinned out. 

PO.0-PO.7 1-8 110 Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs 
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision 
Pulse Width Modulator functions. For each PWM block. a register bit controls whether the 
corresponding pin is controlled by the block or by port 0; port 0 controls the pin immediately after a 
Reset. Regardless of how each pin is controlled, it can be externally pulled up as high as 
+ 12V±5%, and the state of the pin can be read from the Port 0 register by the program. 

1 I Vpp (PO.O) - This pin receives the 12V programming supply voltage during EPROM programming. 
2 I PROG (PO.1) - This pin receives the programming pulses during EPROM programming. 
3 I ASEL (PO.2) -Input which indicates which bits of the EPROM address are applied to port 2. 
1 a TDAC (PO.O) - This is the output for the 14-bit high-precision PWM. 

2-8 a PWM1-7 (PO.1-PO.7) - Outputs for the 6-bit PWMs 1 through 7. 

Pl.0-P1.3 9-12 110 Port 1 : A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float. and in 
that state can be used as high-impedance inputs. P 1.3 can also serve as the eighth 
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as 
+ 12V±5%. Pl.2:0 have optional alternate use as AD 12:0, inputs to the Software AID conversion 
facility. If a 40-pin version of this part is ever produced, P 1.3/PWMO will not be pinned out. 

Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for 
P 1.3 only, if the TDAC module presents a O. The state of the pin can always be read from the port 
register by the program. 

9-11 I ADI0-2 (P1.O-P1.2) - Inputs for the software AID facility. 
12 0 PWMO (P1.3) - Output for the PWMO 6-bit PWM. 

P2.0-P2.7 20-13 110 Port 2: An 8-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. P2.3:0 have high current capability (10 mA at 
0.5V) for LEDs. 

Any of the port 2 pins are driven low if the port register bit is written as O. The state of the pin can 
always be read from the port register by the program. 

P30-P37 34--42 110 Port 3: An 8-bit open-drain bidirectional port. Port 3 pins that have ones written to them float. and in 
that state can be used as high-impedance inputs. P3.0, P3.4. and P3.7 can be externally pulled up 
as high as + 12V±5%. while P3.5 and P3.6 have 10mA drive capability. Some of the port 3 pins can 
also serve alternate functions, as follows: 

35 I INT1 (P3.1) - External Interrupt 1. 
35 I TO (P3.2) - TImer 0 external input. 
37 I INTO (P3.3) - External Interrupt o. 
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PIN DESCRIPTIONS (Continued) 

PIN NO. 

MNEMONIC DIP TYPE 

RST 33 I 

XTAL1 31 I 

XTAl2 32 0 

Vee I 

Vss I 

ROM CODE SUBMISSION 
When submitting a ROM code for the 
83C055, the following must be specified: 
1. The 16k byte user ROM program. 

2. The OSD ROM space. 

This information can be submitted in an 
87C055, or in two EPROMs (2764). or 
electronically on the ROM Code Bulletin 
Board (see your local sales office for the 
number). 

ROM CODE SUBMITTAL 
REQUIREMENTS 

ADDRESS CONTENT COMMENT 

OOOHto 
3FFFH DATA User ROM data 

(83C055) 

COOOH to On-Screen 

CFFFH OSD Display 
character table 

June 18, 1992 

NAME AND FUNCTION 

Reset: If this pin is high lor two machine cycles (24 oscillator periods) while the oscillator is running, 
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode, 
as on the 87C751. 

Crystal 1 : Input to the inverting oscillator amplifier and clock generator circuit that provides the timing 
reference for all MTV logic other than the OSD facility. XTALI and XTAL2 can be used with a quartz 
crystal or ceramic resonator to provide an on-chip oscillator. Alternatively, XTALI can be conncected 
to an external clock. and XTAL21eft unconnected. 

Crystal 2: Output from the inverting oscillator amplifier. 

Power Supply: This is the power supply for normal and power.oown modes. 

Ground: OV reference. 

PROGRAMMING THE OSD 
EPROM 

Overview 
The OSD EPROM space starts at location 
COOOH and ends at location CFFFH. 
However, not all locations within this space 
are used. due to the addressing scheme of 
theOSD. 

The start location of the next character can 
be calculated by adding 40H to the start 
location 01 the previous character. For 
example, character #1 starts at COOOH; then 
characters 2. 3, and 4 start at C040H, 
C080H, and COCOH, respectively. 

Character Description 
Each character is 14 bits wide by 18 lines 
high. 

A character is split about a vertical axis into 
two sections, UPPER and LOWER. Each 
section contains 7 bits of the character, such 
that the LOWER section contains 1-7 and 
the UPPER section contains bits 8-14. 

NOTE: During programming and verification, 
each section is programmed using 
bytes of DATA. The MSB 01 the 
DATA is not used; however, the MSB 
location physically exists, and so will 
program and verily. 
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The LOWER section of the character is 
programmed when the LSB 01 the program 
address equals 0, and the UPPER section 
when the LSB equals 1. 

Character Programming 
An example 01 an OSD character bit map, 
and the program DATA to obtain that 
character is shown in Table 1. 

OSD EPROM Bit Map 
The mapping lor the full OSD EPROM is 
shown in Table 2. 

Example 
To program the character given above into 
the lirst character location 01 the OSD 
EPROM would require the following 
address/DATA sequence: 

COOO/OOH; 
C003/ooH; 
C006IOCH; 
C009/1EH; 
COOCIOCH; 
COOF/1EH; 
COI2I7CH; 
COI5/1FH; 
COI8/0CH; 
C01B11EH; 
C01E10CH; 
C021100H; 

COO1IOOH; 
COO4IOCH; 
COO7/1EH; 
COOAlOCH; 
COOD/1EH; 
C01017CH; 
COl311FH; 
C016/0CH; 
C019/1EH; 
COIC/OCH; 
C01FI1EH; 
C022/00H; 

COO2l00H; 
COO5/1EH; 
COO8IOCH; 
COOBllEH; 
COOEIOCH; 
C011/1FH; 
COI4I7CH; 
COI7/1EH; 
C01A10CH; 
C01D/1EH; 
C020/00H; 
C023100H 
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Table 1. Example of an OSD Character Bit Map 

CHARACTER BIT MAP 

UPPER LOWER 
<--- ---><--- ---> 

11111 
43210987654321 

Line 1 ---> 00000000000000 
Line 2 ---> 00000000000000 
Line 3 ---> 

00111100001100 Line 4 ---> 
Line 5 ---> 00111100001100 
Line 6 ---> 00111100001100 
Line 7 ---> 00111100001100 
Line 8 ---> 
Line 9 ---> 00111100001100 
Line 10 ---> 00111100001100 
Line 11 ---> 00111111111100 
Line 12 ---> 
Line 13 ---> 00111111111100 

Line 14 ---> 00111111111100 
Line 15 ---> 00111100001100 
Line 16 ---> 

00111100001100 Line 17 ---> 
Line 18 ---> 00111100001100 

00111100001100 

00111100001100 

00000000000000 

00000000000000 

NOTE: 
X can be 0 or 1, and will program and verify correctly. 

Table 2. OSD EPROM Bit Map 

CHARACTER NO. ADDRESS 

1 COOO 
COOl 
C002 
C003 · · · C022 
C023 
C024--C03F 

2 C040--C063 
C064-C07F 

3 C080--COA3 
COA4-COBF 

· · · · · · 
62 CFCO-CFE3 

CFE4-CFFF 

63 CFCO--CFE3 
CFE4-CFFF 

64 CFCO--CFE3 
CFE4-CFFF 

NOTE: 
Locations 62, 63, and 64 should be programmed to D's. 
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PROGRAM DATA 

UPPER LOWER 

XOOOOOOO XOOOOOOO 
XOOOOOOO XOOOOOOO 

XOOllll0 XOOOll00 
XOOllll0 XOOOll00 

X0011110 XOOOll00 

XOOll110 XOO01100 
X0011110 XOOOll00 

XOOll110 XOOOll00 
X0011111 Xll11101 

XOOllll1 Xlll1101 

X0011111 Xll11101 

XOOllll0 XOOOll00 

XOOlll10 XOOOll00 
XOOllll0 XOOOll00 

XOOllll0 XOOOll00 

XOOll110 XOOO 11 00 
XOOOOOOO XOOOOOOO 

XOOOOOOO XOOOOOOO 

CHARACTER LINE NO. COMMENTS 

1 Lower byte 
1 Upper byte 
2 Lower byte 
2 Upper byte · · · · · · 18 Lower byte 
18 Upper byte 

Unused 

1-18 
Unused 

1-18 
Unused 

· · · · · · 
1-18 NEWLINE 

Unused 

1-18 BSPACE 
Unused 

1-18 SPLlTBSPACE 
Unused 
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COMPARISON TO THE 8OC51 
The elements of the MTVare shown in the 
Block Diagram. The features of the MTV are 
identical to those of the BOC51 , except as 
noted herein. 

Pinout and Testing 
Since neither data nor program memory is 
externally expandable on the MTV, the BOC51 
pins ALE, EA, and PSEIiI are not 
implemented on the MTV. 

I/O POnS 
On both the BOC51 and the MTV, port 0 is 
open-drain, but on the BOC51 it can be used 
for external memory expansion while on the 
MTV its alternate use is for Pulse Width 
Modulated outputs. 

On the BOC51 , port 1 is B bits, is mostly 
unallocated (general purpose), and is 
quasi-bidirectional (that is, having a weak 
pullup transistor that can be overdriven). On 
the MTV it is a 4-bit open-drain port, and 
includes alternate uses for analog inputs and 
aPWMoutput. 

On the BOC51 , port 2 is quasi-bidirectional 
and can be used for external memory 
expansion; on the MTV, port 2 is open-drain 
and unallocated. 

On the BOC51 , port 3 is quasi-bidirectional 
and all eight bits have alternate uses. On the 
MTV, three port 3 bits have some of the same 
alternate uses as on the BOC51 but not 
necessarily on the same pins, while five pins 
are open-drain and unallocated. 

Idle Mode 
The idle mode is not implemented on the 
MTV. 

Power-Down Mode 
The power-down mode is not implemented on 
the MTV. The PCON register has the 
following format: 

PCON 

7 3 2 

l~ I - I - I - I GF. I GAl I - I - I 
Interrupts 
The interrupt facilities of the MTV differ from 
those of the 8OG51 as follows: 
1. Since there is no serial port, there are no 

interrupts nor control bits relating to this 
interrupt. The interrupts and their vector 
addresses are as follows: 

Event 
Reset 
External INTO 
limerO 
External INTI 
limer 1 
VSync Start 
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Program Memory 
Address 

000 
003 
OOB 
013 
01B 
023 

2. The VSYNC input used by the On Screen 
Display facility can generate an interrupt. 
The active polarity of the pulse is 
programmable, as described in a later 
section. The interrupt occurs at the 
leading edge of the pUlse. 

3. External Interrupt 1 is modified so that an 
interrupt is generated when the input 
switches in either direction (on the 8051, 
there is a programmable choice between 
interrupt on a negative edge or a low level 
on INT1). This facility allows for software 
pulse-width measurement handling of a 
remote controL 

4. The IP register is not used, and the IE 
register is similar to that on the BOC51 : 

IE 
4 3 2 

- IEVS lET. lEX. IETO IEXO I 
Six-Bit PWM DACs 
The structure of these modules is shown in 
Figure 2. First, the basic MCU clock is 
divided by 4 to get a waveform that clocks a 
6-bit counter which is common to all the 
PWMs, including the 14-bit one. This divided 
clock is hereafter called the PWM counter 
clock. 

Each PWM block has a special function 
register PWMn arranged as follows: 

PWMO-PWM7 
76543210 

IPWE I - I PVs1PY41PV3lpv2 Ipy. Ipyo I 
If the PWE bit for a particular PWM block is 
I, the block is active and controls its 
assigned port pin; if PWE is 0 the 
corresponding port pin is controlled by the 
port. The "value" field (PV5 ... PVO) of each 
PWM register is compared to (the LS 6 bits 
of) the common counter. When the value 
matches, the output FF is cleared, so that the 
output pin is driven low. When the value rolls 
over to zero, the output FF is set, so that the 
output pin is released. Thus the output 
waveform has a fixed period of 64 PWM 
counter clocks; its duty cycle is determined 
by PWMn.5:0. 

Three of the nine total PWMs operate as 
described above; for three others, both the 
rising and falling edges of the output are 
delayed by one PWM clock; for the remaining 
three, both edges are delayed by two PWM 
clocks. This feature reduces the 
radio-frequency emission that would 
otherwise occur when the counter rolled over 
to zero and all nine open-drain outputs were 
released. 
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14-Blt PWM DAC (TDAC) 
This feature was partially described in the 
preceding section. As shown in Figure 3, the 
6-bit counter used for the lower precision 
PWMs is in fact the least significant part of a 
14-bit counter used for this facility. The nature 
of the counter is such that it can achieve a 
stable output value through its MSB, and the 
value can propagate through logic like that 
shown in Figure 3, and the logic output can 
be stable within one period of the PWM 
counter clock (e.g., 250 ns) if edge-triggered 
logic is used to capture the logic output, or 
within one phase of the PWM counter clock 
(e.g., 125 ns) if a phase of the PWM counter 
clock is used to capture the logic output. For 
cost and die-size reasons, it is preferable that 
the TDAC counter be a ripple counter. 

This feature is controlled by two special 
function registers: 

TDACL 
7&543210 

I~I~I~I~I=I~I~I~I 
roACH 

5 4 321 0 

When software wishes to change the 14-bit 
value (TDO- TD13), it should first write 
TDACL and then write TDACH. Alternatively, 
if the required precision of the duty cycle is 
satisfied by 6 bits or less, software can simply 
write TDACH. Note from Figure 3 that this 
block includes an "extra" 14-bit latch between 
TDACUH and the comparator and other 
logic. The programmed value is clocked into 
the operative latch when the 7 low-order bits 
of the counter roll over to zero, provided that 
the software is not in the midst of loading a 
new 14-bit value (that is, it is not between 
writing TDACL and writing TOACH). 

In a similar fashion to the lower-precision 
PWMs, this facility has an output FF that is 
set when the lower 7 bits of the counter 
overflowlWrap. The more significant 7 bits of 
the operative latch's programmed value are 
compared tor equality against the less 
significant 7 bits of the counter, and the 
output FF is cleared when they match. Thus 
this output has a fixed period of 12B PWM 
counter clocks, and the duty cycle is 
determined by the programmed value. 

For the higher-precision aspect of this 
feature, the 7 more-significant bits of the 
counter are used in a logic block with the 7 
less-significant bits of the programmed value. 
The 7th LSB (binary value 64) of the 
programmed value is ANDed with the 7th 
MSB (12B) of the counter, the 6th LSB of the 
value is ANDed with the counter's 6th and 7th 
MSBs being 10, and so on through the LSB 
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01 the programmed value being ANDed with 
the counter's 7MSBs being 100000. Then 
these 7 ANDed terms are ORed. "the result 
is true/l at the time the 7 lSBs 01 the counter 
match the MSBs 01 the programmed value, 
the output is forced high for 1 (additional) 
PWM counter clock. 

The result is that, if the value-64 bit of the 
14-bit value is programmed to 1, every other 
cycle of 128 PWM counter clocks has its duty 
cycle stretched by one counter clock; if the 
value-32 bit is programmed to 1, every 4th 
cycle is stretched, and so on through, if the 
value-l bit is programmed to 1, one cycle out 
01 each 128 is stretched. 

Assuming the external integrator can handle 
all this, the net effect is a PWM DAC that has 
the period of a 7-bit design (which makes the 
integrator easier and more feasible to design) 
with the accuracy of a 14-bit one. There is 
some question whether all of the least 
significant bits can be effectively integrated, 
or whether they simply act as a source of 
ripple in the integrated wltage. An obvious 
prerequisite for such precision is that the load 
on the voltage must be very light, like a single 
op amp or comparator. 

The TDAC feature differs from the 
corresponding features of predecessor parts 
in several ways: 

1. The 14-bit value is functionally composed 
01 major and minor portions of 7 bits each. 

2. The 14-bit value is programmed as a 
contiguous multi-register value that can 
be manipulated straight-forwardly via 
arithmetic instructions. 

3. As discussed for the 6-bit DACs, both 01 
the preceding parts had a feature 
whereby the PWM output could be 
inverted, redundanfly with complementing 
the 14-bit value. This leature has been 
eliminated. 

ADDRESS TYPE 

DATA 
MEMORY 

SPECIAL 
FUNCTION 

REGISTERS 
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DIRECT BIT REGISTER USE 

00-07 RO-R7 On-chip RAM (RQ.7 il PSW.4-3 = 00) 
08..QF RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 01) 
10-17 RO-R7 On-chip RAM (RO-7il PSW.4-3 = 10) 
18-1F RO-R7 On-chip RAM (RO-7 if PSW.4-3 = 11) 
20 07-00 On-chipRAM 
21-2E 77-08 On-chip RAM 
2F 7F-78 On-chip RAM 
3O-7F On-chipRAM 

80 87-80 PO PortO 
81 SP Stack Pointer 
82 DPl Data Pointer LSBYTE 
83 DPH Data Pointer MSBYTE 
87 PCON Power Control 
88 8F-88 TCON Timer Control 
89 TMOD Timer Mode 
8A TlO Timer 0 lSBYTE 
8B TL1 Timer 1 lSBYTE 
8C THO Timer 0 MSBYTE 
8D THl Timer 1 MSBYTE 
90 97-90 Pl Port 1 
98 9F-98 OSAT On Screen Attributes 
99 OSDT On Screen Data 
9A OSAD On Screen Address 
AO A7-AO P2 Port 2 
A8 AF-AS IE Interrupt Enable 
80 B7-80 P3 Port 3 
CO C7-CO OSCON On Screen Display Control 
Cl OSMOD On Screen Display Mode 
C2 OSORG On Screen Display Origin 
C3 RAMCHR For Test Use Only 
C4 RAMAn For Test Use Only 
DO D7-DO PSW Program Status Word 
D2 TDACl Hi-Res Pulse Width Modulator 
D3 TDACH Hi-Res Pulse Width Modulator 
D4-D7 PWMO-3 Lo-Res Pulse Width Modulators 
D8 DF-D8 SAD D/A and Voltage Comparator 
DC-DF PWM4-7 lo-Res Pulse Width Modulators 
EO E7-EO A Accumulator 
FO F7-FO B B Register 

Figure 1. Data Memory and Special Function Registers on the MTV 

807 

ON-CHPRAII 
IF ACCESSED 
INDIRECTLY 



Philips Semiconductors Microcontroller Products 

Microcontroller for television and video 
(MTV) 

,----~~~---------------------I 

I'~OND ,I I 

PAD , . : 

OCCURS IN 6 
OF9MODULES 

OCCURS IN 3 
OF9MODULES • MeU&. __ ~~ ______________________________________ L-____ __ 

L ________________ ~~~~ ______________ -.J 
,----------------------------
L ___________ 2!!2.!'~M...!!2!!!!L!' ___________ _ 

,----------------------------
L __________ ...JIIIll'\lflUl!ll!lll.EO ___________ _ 

ETC. 

Software AID Facility 
This facility is shown in Figure 4. It represents 
an alternate use whereby any of the Pl.0 
through Pl.2 pins can be selected as one 
input of a linear voltage comparator. The 
block includes one special function register: 

SAD 
765432.0 

I VIti I CHI I CII) I St ISAD3IsAD2IsAD.1 SADOI 
As shown in Figure 4 the other input of the 
comparator is connected to a 4-bit D/A that is 
controlled by the 4 LSBs of the SAD register, 
producing a reference voltage nominally 
O.15625V to 4.B4375V by steps ofO.3l25V. 
The output of the comparator (highllow) can 
be read by the program as the MSB of the 
register, which is bit addressable. 

The St bit should be written as 1 in order to 
initiate a voltage comparison. After writing 
S\; 1, the program should include intervening 
instructions totalling at least six machine 
cycles (72 ClK periods or 6 microseconds at 
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Figure 2. 60Bit PWM Logic 

12MHz), before the instruction that accesses 
and tests VHi. 

The chan field controls which pin, if any, is 
connected to this facility: 
CH1 CHO pin 

o 0 none 
o 1 Pl.0 

o Pl.1 
1 Pl.2 

Port 1 has open-drain drivers which will not 
materially affect an analog voltage as long as 
any and all pins used lor software AID 
measurement have correspending ones in 
the port register. 

On Screen Display (OSO) Module 
This block is the largest of the additions that 
are specific to this product. Its basic function 
is to superimpose text on the television video 
image, to indicate various parameters and 
settings of the receiver or tuner. External 
circuitry handles the mixing (multiplexing) of 
the text and the TV video. 

60B 
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LS & BITS 

The overall OSD block has four input pins: 
two lor a video clock, plus the horizontal and 
vertical sync signals. The video clock pins are 
used to connect an lC circuit to an on-cllip 
video oscillator that is independent of the 
normal MCU clock. The Land C values are 
chosen so that a video pulse, of a duration 
equal to the VCLK period, will produce a 
rnore-or-Iess square dot on the screen, that 
is, a dot having a width approximately equal 
to the vertical distance between consecutive 
scan lines. 

The video oscillator is stopped (with VCLK2 
low) while horizontal sync is asserted, and is 
released to operate at the trailing edge of 
horizontal sync. This technique helps provide 
uniform horizontal positioning of 
characters/dots from one scan line to the 
next. 

The block has lour outputs, three color video 
signals, and a control signal. Since this block 
is the major feature of the part, its main 
inputs and outputs are dedicated pins, 
without alternate port bits. 
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Figure 4. Software AID Facility 
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Display RAM 
The OSD of the MTV differs from that in 
preceding devices in one major way: It does 
not fix the number and size of displayed rows 
of text. Several predecessor parts allowed 
two displayed rows of 16 characters each. 
The MTV simply has 128 locations of display 
RAM, each of which can contain a displayed 
character or a New Line character that 
indicates the end of a row. A variant of the 
New Line character is used to indicate the 
end of displayed data. 

The three major elements of the OSD facility 
are shown in the Block Diagram. Each 
display RAM location includes 6 data bits and 
4 attribute bits. The 6 data bits from display 
RAM, along with a line-within-row count, act 
as addresses into the character generator 
ROM, which contains 60 displayable bit maps 
(64 minus one lor each of New Line and three 
Space characters). Each bit map includes 18 
scan lines by 14 dots. The character 
generator ROM is maskable or 
programmable along with the program ROM 
to allow for various character sets and 
languages. 

The programming interface to display RAM is 
provided by three special function registers: 

OSAD 
76543210 

~~S!~S&SAD4jOSAD;PSAD2IosAD'IOSADO! 

oSDr 
765 4 3 2 1 0 

1 -I -I oSDrslosDT41 OSDT3IOSDT21 OSDT1IOSDTDI 

OSAT (with OSOT = New line) 

4 

QSAT (with OSDT = BSpace or SpfitBSpace) 

6 5 4 3 2 

L::..:L- 1 - 1 B 1 - 1 BC2 1 BC' 1 BC<) 1 

aSAT (with 0501 =any other) 

6543210 
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OSAD ("On Screen ADress") contains the 
address at which data will next be written into 
display RAM, while the ten active bits in 
OSDT ("On Screen DaTa") plus OSAT ("On 
Screell ATtributes") correspond exactly to the 
1 0 bits in each display RAM location. FColor 
indicates the color offoreground (1) pixels in 
the ROM bit map for this character, while B 
indicates whether background (0) pixels 
should show the current background color 
(B~ 1) or television video (B~O). Thus, for the 
1 bits in a character's bit map, the VID2:0 
pins are driven with (FColor) and VCTRL is 
driven active, while for 0 bits VID2:0 are 
driven with the background color (except for 
shadow bits) and VCTRL is driven with the B 
bit. 

Writing OSAT simply latches the attribute bits 
into a register, while writing OSDT causes the 
data bus information, plus the contents of the 
OSAT register, to be written into display 
RAM. Thus, for a given display RAM location, 
OSAT should be written before OSDT. If 
successive characters are to be written into 
display RAM with the same attributes, OSAT 
need not be rewritten for each character, only 
prior to writing OSDT for the first character 
with those particular attributes. 

In reality, there is a potential conflict between 
the timing of a write to OSDT and an access 
to display RAM by the OSD logic for data 
display. This is resolved by the use of a true 
dual-ported RAM for display memory. 

OSAD is automatically incremented by one 
after each time OSDT and display RAM are 
written. Except in special test modes that are 
beyond the scope of this spec release, 
display RAM cannot be read by the MCU 
program. 

The OSAT attribute bits associated with the 
BSpace (data~111110), SplitBSpace (111111), 
and New Line (111101) characters are 
interpreted differently from those that 
accompany other data characters. With 
BSpace and SplitBSpace, B is interpreted as 
described above, but the 3 color bits specify 
the Background color (BColor) for 
subsequent characters. For BSpace, a 
change in Band BColor becomes effective at 
the left edge of the character's bit map. For 
SplitBSpace, a change in Band BColor 

610 

Preliminary specification 

83C055/87C055 

occurs haltway through the character 
horizontally. The normal Space character 
(111100) has no effect on the BColor value. 

BColor values 000 and 111 minimize the 
occurrence of transient states among the 
VID2:0 outputs. 

The background color defined by the most 
recently encountered BSpace or SplitBSpace 
character is maintained on the VID2:0 pins 
except at the following times: 
1. During the active time of HSYNC, 

2. During the active time of VSYNC, 

3. During those pixels of an active character 
that correspond to a 1 in the character's 
bitmap, 

4. During a "shadow" bit. 

The BColor value is not cleared between 
vertical scans, so that if a single background 
color is all that is needed in an application, it 
can be set via a single BSpace character 
during program initialization, and never 
changed thereafter. In order for such a 
BSpace to actually affect the MTV's intemal 
BColor register the Mode field of the OSMOD 
register must be set to 01 (or higher) so that 
the OSD hardware is operating. 

With a New Line character, if the E bit is 1, no 
further rows are displayed on the screen. If E 
is 0 and D is 1, all of the characters in the 
following row are displayed with Double 
height and width. If E is 0 and Sh is 1, all of 
the characters in the following row are 
displayed with shadowing, as described in a 
later section. If E is 0 and SR is 1, the next 
row is a "short row": It is only 4 or 8 scan 
lines high rather than 18 or 36. Short rows 
can be used for underlined text. 

The latches in which the E, D, Sh, and SR 
bits are captured are cleared to zero at the 
start of each vertical scan. This means that if 
the first text line on the screen is a short row, 
or if it contains either double size or 
shadowing. the text must be preceded by a 
New Line character. Like all such characters, 
this initial New Line advances the vertical 
screen position; the VStart value (see below) 
should take this fact into account. 
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Other OSD Registers 
A number of changes in the OSD architecture 
have reduced the number of other special 
function registers involved in the feature, 
below the number needed with predecessor 
devices: 
1. The elimination of certain options such as 

4, 6, or 8X character sizes and alternate 
use of two of the video outputs. 

2. The moving of certain other options from 
central registers to display RAM, such as 
foreground color codes and background 
selection. 

OSCON 

Lv Ph Pc Po DHIBFeI 
The IV bit is the interrupt flag for the OSD 
feature. It is set by the leading edge of the 
VSYNC pulse, and is cleared by the 
hardware when the VSYNC interrupt routine 
is vectored to. It can also be set or cleared by 
software writing a 1 or 0 to this bit. 

NOTE 
It is theoretically possible that a VSYNC 
interrupt could be missed, or an extra one 
generated, if OSCON is read, then 
modified internally (e.g., in Ac), and the 
result written back to OSCON. However, 
none of the other bits in OSCON are 
reasonable candidates for dynamic 
change. Special provisions are included in 
the MTV logic so that IV will not be 
changed by a single "read-modify-write" 
instruction such as SETB or CLR, unless 
the instruction specifically changes IV. 

A 0 (1) in Pv designates that the VSYNC 
input is high-active (low-active). One effect of 
this bit is that the VID2:0 and VCTRL outputs 
are blocked (held at blacklinactive) during the 
active time of VSYNC. The IV bit is set on the 
leading edge of the VSYNC pulse; thus Pv 
controls whether the OSD interrupt occurs in 
response to a high-to-Iow or low-to-high 
transition on VSYNC. 

A 0 (1) in Lv designates that the leading edge 
(active level) of VSYNC, as defined by Pv. 
clears the state counter that is used to 
determine the vertical start of on-screen data. 
In effect, Lv=O(l) says that the leading 
(trailing) edge of VSYNC is the time 
reference for the video field. 

A 0 (1) in Ph designates that the HSYNC 
input is high-active (low-active). 

A 0 (1) in Pc designates that a high (low) on 
the VCTRL output means "show the color on 
VID2:0". 
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A 0 (1) in Po designates that a 0 (1) internal 
to the MTV corresponds to a Iowan one of 
the VID2:0 pins. This control bit is needed 
only becau se the Shadowing feature needs to 
generate black pixels without reference to a 
register value: Internally, the 3-bit code 000 
always designates black. 

If DH is 1, character sizes are doubled 
vertically but not horizontally. This feature 
allows the MTV to be used in "improved 
definition" systems that are not interlaced. 
The vertical doubling imposed by DH does 
not affect the VStart logic described below: It 
operates in HSync units regardless of DH or 
D. 

If BFe is 1, the BF output tracks whether 
each bit in displayed characters is a 
foreground bit (low) or a background bit 
(high). If BFe is 0, the BF pin remains high. 

OSORG 

7654321 
I~I-I-I~I~I~I~I~I 
The HStart field (HS4 - HSO) defines the left 
end (start) of all of the on-screen character 
rows, as a multiple of four VCLKs. Active 
display begins 4(HStart)+ 1 VCLKs plus one 
single-sized character width after the trailing 
edge of HSYNC. Counting variations in Wc, 
there may be 17 to 143 VCLKs from the end 
of HSYNC to the start of the first character of 
each row. 

The VStart field (VS2 - VSO) defines the top 
(start) of the first on-screen character row, as 
a multiple of four HSYNC pulses. Active 
display begins 4(VStart)-1 HSYNCs after the 
field's time reference point, a range of 3 to 
31. Subsequent character rows occur directly 
below the first, such that the last scan line of 
one row is directly followed by the first scan 
line of the next row. Successive New Line 
characters (with or without the Short Row 
designation) can be used to vertically 
separate text rows on the screen. 

Neither the HStart nor VStart parameter is 
affected by the 0 line attribute that is used to 
display double-sized characters. 

OSMOD 

6 4 2 0 

1 We 1 -I Made1 1 ModeO 1 - 1 SHM21 SHM1 1 SHMO 1 
If the mode bits (Mode 1, Mode 0) are 00, the 
OSD feature is disabled. The VCLK oscillator 
is disabled, VID2:0 are set to black, and 
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VCTRL is held inactive. This is the mode to 
which the MTV OSD logic is reset. A direct 
transition from this mode to active display 
(1 x) would result in undefined operation and 
visual effects for the duration of the current 
video field (until the next VSYNC). 

If the mode is 01, the VCLK oscillator is 
enabled and the OSD logic operates normally 
internally, but VID2:0 are set to black and 
VCTRL is held inactive. The OSD feature can 
be toggled between this state and lx as 
desired to achieve real-time special effects 
such as "vertical wiping." 

Mode 10 represents normal OSD operation. 
Active characters can be shown against TV 
video (for characters with B=O) or (for 
characters with B=l) against a background of 
the color defined as an attribute of BSpace 
and SplitBSpace characters. 

In mode 11, characters can be displayed but 
all of the receiver'S normal video is inhibited 
by holding VCTRL asserted throughout the 
active portion of each scan line. Since VID2:0 
are driven with the current background color 
during this time, except during the foreground 
portion of displayed characters, this produces 
text against a solid background. This mode is 
useful for extensive displays that require user 
concentration. 

If Wc is 1, then each displayed character is 
horizontally terminated after 12 bits have 
been output, as opposed to after 14 bits if Wc 
is O. This allows text to be "packed" more 
tightly so that more characters can be 
displayed per line. In effect, the 2 bits out of 
the display ROM, which would otherwise be 
the rightmost 2 of the 14, are ignored when 
Wc is 1. Clearly, if this feature is to be used, it 
must be accounted for in the design of the bit 
maps in the display ROM. 

The 3-bit ShMode field (SHM2 - SHMO) 
determines how characters are shadowed in 
rows for which the SH row attribute is 1. As 
shown in Figure 5, the values 000-110 
indicate an apparent light source position 
ranging from the lower left clockwise to the 
lower right, while the value 111 indicates 
full-surround shadowing. 

Under some conditions writing to OSMOD 
while the display is active can cause a 
temporary flicker during that display field. 
This can be avoided by only writing to 
OSMOD during the vertical sync interval. 
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BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 
BBFFFFFFFFFFBB BBFFFFFFFFFFBB 
BBFFFFFFFFFF'B BBFFFFFFFFFFBB 
BBF' ••••••••• B BBF F' ••••••• BB 
BBF'BBBBBBBBBB BBFFBBBBBBBBBB 
BBF'BBBBBBBBBB BBFFBBBBBBBBBB 
BBF'BBBBBBBBBB BBFFBBBBBBBBBB 
BBFFFFFFFFBBBB BBFFFFFFFFBBBB 
BBFFFFFFFF'BBB BBFFFFFFFFBBBB 
88F' ••••••• 888 88FF······B8B8 
88F'B888BB88BB 88FF888BB888B8 
BBF'B8888BBBBB 8BFFBBBBBBBBB8 
88F'B8BBBBBBBB 88FFBBBBB888B8 
88FFFFFFFFFFBB 88FFFFFFFFFFB8 
8BFFFFFFFFFF' B 8BFFFFFFFFFFB8 
88B········ •• B 8B·········· B8 
888B88BB8B888B 88BBB88BB88888 

ShMode=010 ShMode=Oll 

BBBBB8888888B8 888888888888B8 
B8BBB888888BB8 888888BBB88BB8 
88FFFFFFFFFF'8 88FFFFFFFFFF88 
BBFFFFFFFFFF'8 88FFFFFFFFFFB8 
8BFF'88888BB88 88FFB88BB888B8 
88FF'888888888 B8FF8BBBBBBBBB 
BBFF'BBBBBBBB8 B8FFB888BBB8BB 
8BFF'BBBBBBBBB BBFFBBBBB8BBBB 
88FFFFFFFF'888 88FFFFFFFF8888 
B8FFFFFFFF'888 88FFFFFFFF8B88 
BBFF'88888BB88 88FFB8B8888888 
88FF'88888BB88 88FF8888888888 
BBFF'BBBBBBBBB BBFFBBBBBBBBBB 
BBFF'BBBBBBBBB BBFFBBBBBBBBBB 
B8FFFFFFFFFFF8 BBFFFFFFFFFFB8 
BBFFFFFFFFFF'8 BBFFFFFFFFFFBB 
BBB8BBBBBBB888 B888888888888B 
888888888B8888 88888888888B8B 

ShMode=OOl No Shadowing 

8B888888888888 B8888BBBBBBBBB 
BBB'" ••••••• B B····· ••••••• B 
BBFFFFFFFFFF'B B' FFFFFFFFFF' B 
BBFFFFFFFFFFBB B' FFFFFFFFFF' B 
BBFF'BBBBBBBBB B' FF' •••••••• B 
BBFF'BBBBBBBBB B'FF'BBB888BBB 
BBFF'BBBBBBBBB B' FF' BBBBBBBBB 
BBFF" ••••• BBB B' FF'" •••• BBB 
8BFFFFFFFF'888 B' FFFFFFFF' BBB 
BBFFFFFFFFBBBB B' FFFFFFFF' BBB 
BBFF'BBBBBBBBB B' FF······· BBB 
BBFF'BBBBBBBBB B' FF' BBBBBBBBB 
BBFF'BBBBBBBBB B'FF'BBBBBBBBB 
BBFF· .. • .. ••• B B' FF' •••••••• B 
BBFFFFFFFFFF'B B' FFFFFFFFFF' B 
BBFFFFFFFFFFBB B' FFFFFFFFFF' B 
BBBBBBBBBBBBBB B' ••••••••••• B 
BBBBBBBBBBBBBB BBBBBBBBBBBBBB 

ShMode=OOO ShMode=lll 

BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 
BBFFFFFFFFFFBB 
B'FFFFFFFFFFBB 
B' FF" ••••• BBB 
B'FFBBBBBBBBBB 
B' FFB BBBBBBBBB 
B'FFBBBBBBBBBB 
B* FFFFFFFFBBB8 
B'FFFFFFFFBBBB 
8' FF" ••• BB888 
8'FF88BB8B8888 
B'FF8BBBBBBBB8 
B'FFBBBBBBB888 
B' FFFFFFFFFF88 
8' FFFFFFFFFFB8 
B·········· 888 
BBBB888888888B 

ShMode=100 

B8B88888888888 
BB8BBBB8BB8888 
8'FFFFFFFFFF88 
B'FFFFFFFFFF88 
B'FFBBB8888888 
B'FF8BB8BBBBBB 
8' FFB BBBBB8BB8 
B'FFBB88B88B88 
8'FFFFFFFF8888 
B' FFFFFFFF8888 
8'FF88888B88BB 
8'FF8888888B88 
B'FFBBBBBBBBBB 
B'FFBBBBBBBBBB 
8'FFFFFFFFFF88 
B'FFFFFFFFFFBB 
888888888B8888 
8888B888888888 

ShMode=101 

BB888888BBBBBB 
B' ••••••••• BBB 
B'FFFFFFFFFFBB 
B'FFFFFFFFFFBB 
B'FFBBBBBBBBBB 
B'FFBBBBBBBBBB 
B' FFB BBBBBBBBB 
B' FF···· • BBBBB 
B'FFFFFFFFBBBB 
B'FFFFFFFFBBBB 
B'FFBBBBBBBBBB 
B'FFBBBBBBBBBB 
B'FFBBBBBBBBBB 
B' FF···· ••• BBB 
B'FFFFFFFFFFBB 
B' FFFFFFFFFFBB 
BBBBBBBBBBBBBB 
BBBBBBBBBBBBBB 

ShMode=110 

Figure 5. Effect of Shadowing on the letter "E" 
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8 is a background (video 
or BColor) pixel 

F Is a foreground-color pixel 
• is a black pixel 



Philips Semiconductors Microcontroller Products 

Microcontroller for television and video 
(MTV) 

DC ELECTRICAL CHARACTERISTICS 
Vee: SV +10% Tarrb: O°C to +?O°C -

SYMBOL PARAMETER 

Vil Input low voltage 

VILl Input low voltage (VSYNC, HSYNC) 

VIHl Input high voltage (P1.2:0, P2.l:0, P3.6:S, P3.3:1) 

VIH2 Input high voltage (portO, Pl.3, P3.?, P3.4, P3.0) 

VIH3 Input high voltage (VSYNC, HSYNC) 

VIH _ Vee Input high voltage (port 0, Pl.3, P3.?, P3.4, P3.0) with 
respect to Vee 

VIH Input high voltage (XTAL 1, VCLK1, RST) 

VOLl Output low voltage (P2.l:0, P3.6:5) 

VOL2 Output low voltage (TDAC, PWMO:l) 

VOl3 Output low voltage (all other outputs) 

VOH Output high voltage (port 1, VID2:0, VCTRL, BF) 

RRST Reset pulldown resistor 

CIO Pin capacitance (except PO.O and PO.l) 

Icc Normal mode su pply current 

HYS Hysteresis (VSYNC, HSYNC) 

NOTES: 

TEST 

CONDITIONS 

10l: lOrnA 

IOL: ?OO~ 

IOl: 1.6mA 

IOH:-60~ 

Test Ireq : 1 MHz, 
Tamb: 25°C 

Vce :5.5V 
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UMITS 

MIN MAX UNIT NOTES 

-{l.S 0.2V~.1 V 

-{l.S O. lSxVee V 

0.2Vcc+D·9 Vee+O.S V 

0.2Vee+D·9 12.6 V 

0.6? x Vee Vee + O.SV V 

8 V 1 

O· 7Vee Vee+O.S V 

0.5 V 5 

0.5 V 2 

0.45 V 

2.4 V 

50 300 k.Q 

10 pF 
4 

30 rnA 3 

0.8 V 

1. This maximum applies at all times, including during power switching, and must be accounted for in power supply design. During a power-on 
process, the + 12 volt source used for external pullup resistors should not precede the Vcc of the MTV up their respective voltage ramps by 
more than this margin, nor, during a power-down process, should Vee precede + 12V down their respective voltage ramps by more than this 
margin. 

2. The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a port output, the rating is 
as given subsequentiy. 

3. lee measured with OSD block initialized and Reset remaining low. 
4. The capacitance of pins PO.O and PO.? for the 8lC055 exceeds 10pF. PO.O is 40pF maximum, while PO.l is 20pF maximum. 
5. No more than 6 (any 6) of these 10 high current outputs may be used at the Vall (l0L: lOrnA) specification. The other 4 should comply with 

the Vall specification (lOl: 1.6mA). 
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AC ELECTRICAL CHARACTERISTICS 
v CC 5V+IO% T 0, amb - O°C to 70°C + 

SYMBOL PARAMETER 

11tCLCL XTAL Frequency 

tcHCX XTAL 1 Clock high time 

teLcx XTAL 1 Clock low time 

tcLCH XTAL 1 Clock rise time 

teLCL XTAL 1 Clock fall time 

lltYCLCL VCLK Frequency 

ttYCOfrtYCOL I Rise vs. fall time skew on anyone of VID2:0, VCTRL, BF 

ttvCOH1-tVCOH21 Rise time skew between any two of VID2:0, VCTRL, BF 

ttvCOL1-tVCOL21 Fall time skew between any two of VID2:0, VCTRL, BF 

NOTES: 
I. The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate. 
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TENTATIVE LIMITS 

MIN MAX UNIT NOTES 

6 12 MHz 1 

20 ns 2 

20 ns 2 

20 ns 2 

5 20 ns 2 

5 8 MHz 

40 ns 3 

30 ns 3 

30 ns 3 

2. These parameters apply only when an external clock signal is used. . . 
3. These parameters assume equal loading at CL ~ 100pF, for all the referenced outputs. These parameters are specified but not tested. 

PROGRAMMING 
CONSIDERATIONS 

EPROM Characteristics 
The 87C055 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87CSI. It differs from these devices in that a 
serial data stream is used to place the 
87C751 in the programming mode. 

Figure 6 shows a block diagram of the 
programming configuration for the 87C055. 
Port pin PO.O is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 2 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input The user should drive the ASEL input 
high and then drive port 2 with the high order 
bits of the address. ASEL should remain high 
for at least 13 dock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 2 for at least 
two clock cycles after ASEL is driven low. 
Port 2 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cydes later. The 
address will remain stable provided that the 
low byte placed on port 2 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
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pulsed high only to change the high byte of 
the address. 

Port 3 is used as a bidirectional data bus 
during programming and verity operations. 
During programming mode, it accepts the 
byte to be programmed. During verity mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 2. 

The XTAL I pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C055 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first Each bit is synchronized to the clock 
input, Xl. 

Programming Operation 
Figures 7 and 8 show the timing diagrams for 
the programlverity cycle. RESET should 
initially be held high for at least two machine 
cycles. PO.l (PGMI) and PO.O (Vpp) will be at 
VOH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 110 ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 1 O-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V,H). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C055 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
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time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 2 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output 

A high voltage Vpp level is then applied to the 
Vpp input (PO.O). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 3. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.l). These pulses 
are created by driving PO.l low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 

The Vpp signal may now be driven to the VOH 
level, placing the 87C055 in the verity mode. 
(Port 3 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 3. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port 3 and 
issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the VOH 
level and verifying the byte. (See Table 3.) 
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Microcontroller for television and video 
(MTV) 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 

placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOO!-'W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Table 3. Implementing ProgramNerify Modes 

OPERATION SERIAL CODE PO.l (PGM/) PO.O (Vpp) 

Program user EPROM 286H -' Vpp 

Verify user EPROM 286H V1H V1H 

Read Signature Bytes 280H V1H V1H 

NOTE: 
, Pulsed from V1H to V1L and returned to V1H. 

EPROM PROGRAMMING AND VERIFICATION 
Tamb = 21°C to +27"C Vcc = 5V +10% Vss - OV - -

SYMBOL PARAMETER MIN 

lItCLCL Oscillator/clock frequency 1.2 

Preliminary specification 

83C055/87C055 

Erasure leaves the array in an aliI s state. 

Reading Signature Bites 
The signature bytes are read by the same 
procedure as a normal verify of locations 30H 
and 3tH, except that the serial code 
indicated in Table 3 for reading signature 
bytes should be used. The values a,e: 

30H = 15H indicates manufactured by 
Philips 

31 H = 4BH indicates 87C055 

MAX UNIT 

6 MHz 

tAVGL 
, 

Address setup to PO. 1 (PROG-) low IOI-'S + 24tcLCL 

IGHAX Address hold after PO 1 (PROG-) high 48tcLCL 

tOVGL Data setup to PO 1 (PROG-) low 38tcLCL 

tOVGL Data setup to PO. 1 (PROG-) low 38tcLcL 

teliOX Data hold after PO.l (PROG-) high 36tcLCL 

tSHGL Vpp setup to PO. 1 (PROG-) low 10 I-'s 

IGHSL Vpp hold after PO.t (PROG-) 10 I-'s 

IGLGH PO. 1 (PROG-) width 90 110 fLs 

tAVQV " Vpp low (Vcc) 10 data valid 48tcLCL 

IGHGL PO. 1 (PROG-) high to PO. 1 (PROG-) low 10 f1S 

\sVNL PO.O (sync pulse) low 4tcLCL 

\sVNH PO.O (sync pulse) high 8tcLCL 

tMASEL ASEL high time 13tcLCL 

tMAHLD Address hold time 2tcLCL 

tHASET Address setup to ASEL 13tcLCL 

tADSTA Low address to address stable 13!cLCL 

NOTES. 
, Address should be valid at leasl24tcLcL before the rising edge of PO.O (Vpp). 
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PROGRAIIMlNG 
PULSES 

VppNlH VOLTAGE 
SOURCE 

CLKSOURCE 

AD 

AO-A15 

DRESS STROBE 

Y RESET I CONTROL 
LOGIC I 

87C055 

P2.CI-P2.7 Vee 

PO.21ASEL Vss 

PO.l 

PO.O 
P3JJ..1'3.7 

XTALI 

RESET 

Figure 6. Programming Configuration 

XTAL1 

MIN 2 IIACHINE 

Preliminary specification 

83C055/87C055 

+5V 

.:L-

DATA BUS 

I_ CYCLES .1. TEN-BIT SERIAL CODE .1 
RESET 

I'0.Il UNDEANED I 

1'0.1 UNDEANED I 
Figure 7. Entry into Program/Verify Modes 

12.75V 

1'0.0 (Vpp) -=:;svo.-_____ --'/ 

~ r- 'SHGL 

25 PULSES 

I I 
L~~~--------PO.l (PGII) 

I~ ~ IMASEL fGLGH H -.j r- IGHGL 

PO.2(ASEL) ~J \ 88""IIIN 10""IIIN 

1HAsJ:,I- ·1 ~----~+-----~·I'~HW 
PORT 2 :=x HIGH ADDRESS ~ __________ ---JX LOW ADDRESS 

H'ADSTA 

----------------~~ 
H'DVGl lAVQV---+j 

i------
PORT 3 INVAUDDATA DATA TO BE PROGRAMMED INVAUD DATA VAUDDATA 

"'1.1------------- VERIFY MODE -------------...... 1 •• -- PROGRAM MODE --~·~I.----- VERIFY IIODE ---... ·-11 

Figure 8. ProgramlVerify Cycle 

June 18,1992 616 



Philips Semiconductors 80CS1-Based 8-Bit Microcontrollers 

80C51 Family Derivatives 

8XC451 OVERVIEW 
The 80C451, the 83C451, and the 87C451 
(hereafter referred to collectively as the 
8XC451) are I/O expanded versions of the 
80C51. Three 110 ports have been added to 
the basic 80C51 architecture for a total of 7 
on-chip 110 ports. The LCC version has a 
total of 68 pins. The DIP version has 64 pins. 
Port 6 has 4 control lines to facilitate 
high-speed asynchronous 110 functions. 

The 83C451/87C451 includes a 4k x 8 
ROM/EPROM, a 128 x 8 RAM, 56 (LCC) or 
52 (DIP) 110 lines, two 16-bit timer/counters, 
a five source, two priority, level nested 
interrupt structure, a serial 110 port for either 
full duplex UART, 110 expansion, or 
multiprocessor communications, and an 
on-chip oscillator and clock circuits. The 
80C451 includes all of the 83C451 features 
except the on-board 4k x 8 ROM. 

The 8XC451 has two software s"lectable 
modes of reduced activity for further power 
reduction: idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 

The 8XC451 features include: 

• 80C51 based architecture 

• 68-pin LCC and 64-pin DIP packages 

• Seven 8-bit 110 ports (LCC version) 

• Six 8-bit ports and one 4-bit port (DIP 
version) 

• 4k x 8 ROM or EPROM 

• 128x8RAM 

• Two 16-bit counter/timers 

• Two external interrupts 

• External memory addressing capability 

- 64k ROM and 64k RAM 

• Low power consumption 

- Idle mode 

- Power-down mode 
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Differences From the 80C51 

Special Function Registers 
The SFRs are identical to those of the 
standard 8OC51 with the exception of four 
registers that have been added to allow 
control of the three additional 110 ports P4, 
P5, and P6. The additional registers are P4, 
P5, P6, and CSR. Registers P4, P5, and P6 
function as port latches for ports 4, 5, and 6, 
respectively. These registers operate 
identically to those for ports 0 through 3 of 
the 80C51. 

The Control Status Register (CSR) is used to 
control the mode of operation of port 6 and 
indicates the current status of port 6. All 
control status register bits can be read and 
written by the CPU except bits a and 1, which 
are read only. A Reset writes ones to bits 2-7 
and zeros to bits 0 and 1. See Table 1 for the 
specit:c function of each bit in the Control 
Status register. 

I/O Port Structure 
The 8XC451 has a total of seven parallel 110 
ports. The first four ports, PO through P3, are 
identical in function to those present on the 
80C51 family. The added ports 4 and 5 are 
identical in function to port 1; that is, they are 
standard quasi-bidirectional ports with no 
alternate functions and the standard output 
drive characteristics Note that on the 68-pin 
LCC packages, port 4 is an 8-bit port, while 
on the 64-pin DIP packages, only the lower 
four bits of port 4 are available. Port 6 is a 
specialized 8-bit bidirectional 110 port with 
internal pullups. This special port can 
sink/source three LS TIL inputs and drive 
CMOS inputs without external pullups. The 
flexibility of this port facilitates high-speed 
parallel data communications. Port 6 
operating modes are controlled by the port 6 
Control Status Register (CSR). Port 6 and the 
CSR are addressed at the Special Function 
Addresses shown in Table 2. Port 6 can be 
used as a standard I/O port, or in strobed 
modes of operation in conjunction with the 
four port 6 control lines listed below: 

ODS 

IDS 

BFLAG 

AFLAG 

Output data strobe (active low) 

Input data strobe (active low) 

Bidirectional 1/0 pin. Can be 
programmed to output the Input 
Buffer Full flag (IBF), input an 
active low Port Enable (PE) 
signal, or output a high or low 
logic level. 

Bidirectional 110 pin. Can be 
programmed to output the Output 
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8XC451 overview 

Buffer Full (OBF) flag, input a 
register select signal (SEL), or 
output a high or low logic level. 

Port 6 can be used in a number of different 
ways to facilitate data communication. It can 
be used as a processor bus interface, as a 
standard quasi-bidirectional 1/0 port, or as a 
parallel printer port (either polled or interrupt 
driven). 

Processor Bus Interface 
Port 6 allows the use of an 8XC451 as an 
element on a microprocessor type bus. The 
host processor could be a general purpose 
MPU or the data bus of a microcontroller like 
the 8XC451 itself. Setting up the 8XC451 as 
a processor bus interface allows single or 
mUltiple microcontrollers to be used on a bus 
as flexible peripheral processing elements. 
Applications can include: keyboard scanners, 
serial 110 controllers, servo controllers, etc. 

On reset, port 6 is programmed correctly (that 
is, Special Function registers CSR and P6) 
for use as a bus interface. This prevents the 
interface from disrupting data on the bus of a 
host processor during power-up. 

Standard Ouasi-bidirectional 1/0 Port 
To use port 6 as a common 110 port, all of the 
control pins should be tied to ground. On 
hardware reset, bits 2-7 of the CSR are set to 
one. With the control pins grounded, the 
port's operation and electrical characteristics 
will be identical to port 1 on the 80C51 . No 
further software initialization is required. 

Parallel Printer Port 
The 8XC451 has the capacity to permit all of 
the intelligent features of a common printer to 
be handled by a single chip. The features of 
port 6 allow a parallel port to be designed 
with only line driving and receiving chips 
required as additional hardware. The onboard 
UART allows RS232 interfacing with only 
level shifting chips added. The 8-bit parallel 
ports 0 to 6 are ample to drive onboard 
control functions, even when ports are used 
for external memory access, interrupts, and 
other functions. The RAM addressing ability 
of ports 0 to 2 can be used to address up to 
64k bytes of a hardware buffer/spooler. 

In addition, either end of a parallel interface 
can be implemented using port 6, and the 
interfaces can be interrupt driven or polled in 
either case. For more detailed information on 
port 6 usage, refer to the application notes 
contained in Section 4, entitled "80C451 
Operation of Port 6" and "256k Centronics 
Printer Buffer Using the SC87C451 
Microcontraller. " 
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80C51 Family Derivatives 8XC451 overview 

Table 1. Control Status Register (CSR) 
BIT7 I BIT6 BIT5 I BIT4 BIT3 BIT2 BITI BITO 

MBI I MBO MAl L MAO OBFe IOSM OBF IBF 

Output Buffer Input Data Output Buffer Input Buffer 
BFLAG Mode Select AFLAG Mode Select Flag Clear Strobe Mode Full Flag Full Flag 

Mode 

010 = Logic 0 output" 0/0 = Logic 0 output 0= Negative 0= Positive 0= Output 0= Input 
0/1 = Logic 1 output" Oil = Logic 1 output edge of ODS edge oITUS data buffer data buffer 
1/0 = IBF output 1/0 = OBF output" empty empty 
111 = PE input 111 = SEL input 'I = Positive 'I = Low level 1 = Output 1 = Input 

(0 = Select) (0 = Data) edge of ODS ofTUS data buffer data buffer 
(1 = Disable 1/0) (1 = Control/status) full full 

NOTE: 
" Output-always mode: MBI = 0, MA 1 = 1, AND MAO = 0, In this mode, port 6 is always enabled for output. ODS only clears the OBF flag, 

Table 2. Special Function Register Addresses 

REGISTER ADDRESS BIT ADDRESS 

NAME SYMBOL ADDRESS MSB lSB 

Port 4 P4 CO C7 C6 C5 C4 C3 C2 Cl CO 

Port 5 P5 C8 CF CE CD CC CB CA C9 C8 

Port 6 data P6 D8 DF DE DD DC DB DA D9 D8 

Port 6 control status CSR E8 EF EE ED EC EB EA E9 E8 
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80C51 Family Derivatives 8XC451 overview 

Table 3. 8X451 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT NAMES AND ADDRESSES RESET 

ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B' B register FOH F7 F6 F5 F4 F3 F2 Fl FO DOH 

EF EE ED EC EB EA E9 E8 

CSR'# Port 6 command/status E8H MBI 1 MBO 1 MAl 1 MAO 1 OBFC llDSM 1 OBF 1 IBF FCH 

DPTR Data pointer (2 bytes) 

DPH Data pointer high 83H DOH 

DPL Data pointer low 82H OOH 

BF BE BO BC BB BA B9 B8 

IP' Interrupt priority B8H - 1 - 1 - I PS 1 PTI I PXl 1 PTO 1 pxo xxxOOOOOB 

AF AE AD AC AB AA A9 A8 

IE' Interrupt enable A8H EA 1 - 1 - 1 ES 1 ETI 1 EXI 1 ETO 1 EXO OxxOOOOOB 

PO' PortO SOH 87 B6 85 84 83 82 81 80 FFH 

PI' Port 1 90H 97 96 95 94 93 92 91 90 FFH 

P2' Port 2 AOH A7 A6 AS A4 A3 A2 AI AO FFH 

P3' Port 3 BOH B7 B6 BS B4 B3 B2 Bl BO FFH 

P4'# Port 4 COH C7 C6 CS C4 C3 C2 Cl CO FFH 

PS'# PortS C8H CF CE CD CC CB CA C9 C8 FFH 

P6'# Port 6 D8H DF DE DO DC DB DA 09 08 FFH 

PCON Power control 87H SMOOl - L - J - 1 GF11 GFO 1 PD 1 IDL OxxxOOOOB 

D7 D6 05 04 03 02 01 DO 

PSW' Program status word DOH CY 1 AC 1 FO J RSI J RSO J ov 1 - J P OOH 

SBUF Serial data buffer 99H xxxxxxxxB 

9F 9E 90 9C 9B 9A 99 98 

SCOW Serial port control 98H SMO 1 SMI 1 SM21 REN J TBB I RB81 TI 1 RI OOH 

SP Stack pointer 81H om 
BF 8E 80 8C 8B 8A 89 88 

TCOW Timer/counter control 88H TFI I TRI 1 TFO I TRO I lEI I ITI 1 lEO 1 ITO OOH 

TMOO Timer/counter mode 89H GATE I cIT I Ml I MO I GATE I cIT I Ml I MO OOH 

THO Timer 0 high byte BCH OOH 

THI Timer 1 high byte 8DH DOH 

TLO Ti mer 0 low byte BAH OOH 

TL1 Ti mer 1 low byte 8BH OOH . SFRs are bit addressable . 
# SFRs are modified from or added to the SOCSI SFRs. 
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CMOS single-chip 8-bit microcontroller 

DESCRIPTION 
The Philips 8XC451 is an I/O expanded 
single-chip microcontroller fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes latch-up 
sensitivity. 

The 8XC451 is a functional extension of the 
87C51 microcontrollerwith three additional 
1/0 ports and four VO control lines. The LCC 
version has a total of 68 pins. Four control 
lines associated with port 6 facilitate 
high-speed asynchronous 1/0 functions. 

The 8XC451 indudes a 4k x 8 ROM 
(83C451) EPROM (87C451), a 128 x8 RAM, 
56 (LCC) or 52 (DIP) I/O lines, two 16-bit 
timerlcounters, a five source, two priority 
level, nested interrupt structure, a serial 110 
port for either a full duplex UART, I/O 
expansion, or muti-processor 
communications, and on-chip oscillator and 
dock circuits. The 8OC451 includes all of the 
83C451 features except the on-board 4k x 8 
ROM. 

The 87C451 has 4k of EPROM on-chip as 
program memory and is otherwise identical to 
the 83C451. 

The 8XC451 has two software selectable 
modes of reduced activity for further power 
reduction; idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 
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FEATURES 
• 80C51 based architecture 

• 68-pin LCC and 64-pin DIP packages: 

- Seven 8-bit 1/0 ports (LCC version) 

- Six 8-bit ports and one 4-bit port (DIP 
version) 

• Port 6 features: 

- Eight data pins 

- Four control pins 

- Direct MPU bus interface 

- Parallel printer interface 

.• On the microcontroller: 

- 4k x 8 ROM (83C451) 
4k x 8 EPROM (87C451) 
ROMless version (80C451) 

- 128x8RAM 

- Two 16-bit counterltimers 

- Two external interrupts 

• External memory addressing capability 

- 64k ROM and 64k RAM 

• Low power consumption: 

- Normal operation: less than 24mA at 5V, 
12MHz 

- Idlemode 

- Power-down mode 
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Product specification 

80C451 /83C451 /87C451 

PIN CONFIGURATIONS 

ElW.. 1 
P2.0IAB 2 

PO.7IAD7 1 

PO.51AD5 1 

PO.4IAD4 1 

PO.31AD3 1 

PO.21AD2 1 

PD.1/AD1 1 

P4.3 

P4.2 

P4.1 

P4.o 

Pl.0 

P1.1 

Pl.2 

Pl.3 

Pl.S 

Pl.6 

P1.7 

AST 

10 

26 

1 

7 

5 

61 

27 43 

P6.S 

P6.3 

P6.1 

AFLAG 

ODS 

V .. 

XTAl.2 

P5.7 

P5.6 

P5.S 

P5.4 

P5.. 

PS.O 

P3.6iWR 

P3.5ITI 

P3.41lO 

P3.3IIl'ITf 

P3.2.IN11J 

60 

44 

SEE NEXT PAGE FOR LCC PIN FUNCTiONS 
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CMOS single-chip 8-bit microcontroller 80C451 183C451 187C451 

ORDERING INFORMATION 

ROMless ROM 

SC80C451 CCN64 SC83C451 CCN64 

SC80C451 CGN64 SC83C451 CGN64 

SC80C451 CCA68 SC83C451 CCA68 

SC80C451 CGA68 SC83C451 CGA68 

SC80C451 ACN64 SC83C451 ACN64 

SC80C451 AGN64 SC83C451AGN64 

SC80C451 ACA68 SC83C451 ACA68 

SC80C451 AGA68 SC83C451AGA68 

1. OTP ~ One TIme Programmable 

PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 

• 1 61 

"G" PLCC 

26 44 

27 43 

P;n Function Pin Function 
1 Ff(JVpp 35 RST 
2 P2.0/A8 36 P3.0/RxD 
3 P2.1/A9 37 P3.1/TxD 
4 P2.21A10 38 P3.2Ilfmj 
5 P2.3/A11 39 P3.3i1m1 
6 P2.4/A12 40 P3.4/TO 
7 P2.5IA13 41 P3.51T1 
B P2.6IA14 42 P3.6iW1l 
9 P2.7/A15 43 P3.7/1ID 

10 PO.7/AD? 44 P5.0 
11 PO.GlADS 45 PS.1 
12 PO.5IAD5 46 P5.2 
13 Pa.4/AD4 47 P5.3 
14 PO.31AD3 4B P5.4 
15 PO.21AD2 49 PS.S 
16 PO.lIADl 50 PS.6 
17 PO.O/ADO 51 P5.7 
lB Vee 52 XTAL2 
19 P4.7 53 XTALl 
20 P4.6 54 Vss 
21 P4.5 55 ODS" 
22 P4.4 56 1DS 
23 P4.3 57 BFLAG 
24 P4.2 56 AFLAG 
25 P4.1 59 PS.O 
26 P4.0 60 P6.1 
27 Pl.D 61 PS.2 
28 Pl.1 62 PS.3 
29 Pl.2 63 PS.4 
30 Pl.3 64 PS.5 
31 Pl.4 65 PS.S 
32 Pl.5 66 P6.7 
33 P1.S 67 I')I8\j 
34 Pl.7 68 ALEiPl100 
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TEMPERATURE RANGE DC FREQ 
EPROM AND PACKAGE' MHz 

SC87C451 CCN64 o to +70, Plastic Dual In-line Package, OTP 3.5 to 12 

SC87C451 CGN64 o to +70, Plastic Dual In-line Package, OTP 3.5 to 16 

SC87C451 CCA68 o to +70, Plastic Leaded Chip Carrier, OTP 3.5 to 12 

SC87C451 CGA68 o to +70, Plastic Leaded Chip Carrier, OTP 3.5 to 16 

SC87C451 ACN64 -40 to +85, Plastic Dual In-line Package, OTP 3.5 to 12 

SC87C451AGN64 -40 to +85, Plastic Dual In-line Package, OTP 3.5 to 16 

SC87C451 ACA68 -40 to +85, Plastic Leaded Chip Carrier, OTP 3.5 to 12 

SC87C451AGA68 -40 to +85, Plastic Leaded Chip Carrier, OTP 3.5 to 16 

LOGIC SYMBOL 

Vce 

621 

Vss 

E~ ~ E}ADDRESS AND 
~ cr........-.. DATA BUS 

~ 2~ - ~ ~ +--Jo., 

:=Err ~ -Ii: :=:2 
~ 

~ 

-rr --t - -+ ........ N_ E ~ ~ ADDRESS BUS 

:=Elf g:=E1 PORT'(DlP) ~.~ ............ 
........ is 
........ 0. 

~ 

~~r --"' - Ii: 
_ 0 

!£"-

DRAWING 
NUMBER 

04148 

04148 

0398E 

0398E 

04148 

04148 

0398E 

0398E 
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BLOCK DIAGRAM 

~.7 P2.~7 P4.1I-P4.7 PS.G-S.7 

1-------------,...u.lU.I~ ,...u.lU.I~ ,...u.lU.I~ ,...u.LLIJ~ -------------, 

I 
I 
~ 
vssl n 

PSEII 

ALEJPROO 

EJlVPP 

RST 
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XTAL2 

P1.O-P1.7 Pti.0-I'6.7 
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SCON TMOD TCON 

THO TLD THI 

SBUF IE IP 

INTERRUPT, SERIAL 
PORT AND nMER BLOCKS 

IllS OIlS BFLAG 
AFLAG 
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CMOS single-chip 8-bit microcontroller 80C451 /83C451 /87C451 

PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP LCC TYPE NAME AND FUNCTION 

Vss 50 54 I Ground: OV reference. 

Vee 18 18 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.D--{).7 17-10 17-10 110 Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 is also the multiplexed data and low-order 
address bus during accesses to external memory. External pull-ups are required during program 
verification. Port 0 can sink/source eight LS TIL inputs. 

Pl.O--Pl.7 23-30 27-34 I/O Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order 
address bytes during program memory verification. Port 1 can sink/source three LS TTL inputs, and 
drive CMOS inputs without external pull-ups. 

P2.O--P2.7 2-9 2-9 I/O Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order 
address bytes during access to external memory and receives the high-order address bits and control 
signals during program verification. Port 2 can sink/source three LS TTL inputs, and drive CMOS 
inputs without external pull-ups. 

P3.O--P3.7 32-39 36-43 I/O Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 can sink/source three LS 
TTL inputs, and drive CMOS inputs without external pull-ups. Port 3 also serves the special functions 
listed below: 

32 36 I RxD (P3.0): Serial input port 
33 37 0 TxD (P3.1): Serial output port 
34 38 I lRTlI (P3.2): External interrupt 
35 39 I JRTi (P3.3): External interrupt 
36 40 I TO (P3.4): Timer 0 external input 
37 41 I T1 (P3.5): Timer 1 external input 
38 42 0 WR (P3.5): External data memory write strobe 
39 43 0 m1 (P3.7): External data memory read strobe 

P4.O--P4.3 22-19 I/O Port 4: Port 4 is a 4/8-bit (DIP/LCC) bidirectional I/O port with internal pull-ups. Port 4 can sink/source 
P4.O--P4.7 26-19 I/O three LS TTL inputs and drive CMOS inputs without external pull-ups. 

P5.O--P5.7 40-47 44-51 I/O Port 5: Port 5 is a 4/8-bit (DIP/LCC) bidirectional 110 port with internal pull-ups. Port 5 can sink/source 
three LS TTL inputs and drive CMOS inputs without external pull-ups. 

P6.c>-P6.7 55-62 59-66 I/O Port 6: Port 6 is a specialized 8-bit bidirectional I/O port with internal pull-ups. This special port can 
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used 
in a strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that 
serve the functions listed below: 

ODS 51 55 I ODS": Output data strobe 

IDS 52 56 I lDS": Input data strobe 

BFLAG 53 57 I/O BFLAG: Bidirectional I/O pin with internal pull-ups 

AFLAG 54 58 I/O AFLAG: Bidirectional I/O pin with internal pull-ups 

RST 31 35 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vee. 

ALEiPROO 64 68 I/O Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during 
an access to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency 
except during an external data memory access, at which time one ALE is skipped. ALE can 
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. This pin is also the 
program pulse during EPROM programming. 

PSrn 63 67 0 Program Store Enable: The read strobe to external program memory. PSEN is activated twice each 
machine cycle during fetches from external program memory. However, when executing out of external 
program memory, two activations of l'SEN are skipped during each access to external program 
memory. 1'Srn is not activated during fetches from intemal program memory. 1'Srn can sink/source 
eight LS TTL inputs and drive CMOS inputs without an external pull up. This pin should be tied low 
during programming. 

FANp? 1 1 I Instruction Execution Control/Programming Supply Voltage: When EA is held high, the CP U 
executes out of internal program memory, unless the program counter exceeds OFFFH. When EA is 
held low, the CPU executes out of external program memory. EA must never be allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 

XTAL1 49 53 I Crystal 1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the 
extemal oscillator when an external oscillator is used. 

XTAL2 48 52 0 Crystal 2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when 
an external oscillator is used. 
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PORTS 4 AND5 
Ports 4 and 5 are bidirectional 1/0 ports with 
internal pull-ups. Port 4 is an 8-bit port (LCC 
version) or a 4-bit port (DIP version). Port 4 
and port 5 pins with ones written to them, arc 
pulled high by the internal pull-ups, and in 
that state can be used as inputs. Port 4 and 5 
are addressed at the special function register 
addresses shown in Table 1. 

PORT 6 
Port 6 is a special 8-bit bidirectional 1/0 port 
with internal pull-ups (see Figure I). This port 
can be used as a standard I/O port, or in 
strobed modes of operation in conjunction 
with four special control lines: rn:m, TIJS, 
AFLAG, and BFLAG. Port 6 operating modes 
are controlled by the port 6 control status 
register (CSR). Port 6 and the CSR are 
addressed at the special function register 
addresses shown in Table 1. The following 
four control pins are used in conjunction with 
port 6: 

rn:m - Output data strobe for port 6. rn:m 
can be programmed to control the port 6 
output drivers and the output buffer full Hag 
(OBF), or to clear only the OBF flag bit in the 
CSR (output-always mode). rn:m is active 
low for output driver control. the OBF flag can 
be programmed to be cleared on the negative 
or positive edge of rn:m. 
ms - Input data strobe for port 6. IDS is used 
to control the port 6 input latch and input 
buffer full flag (IBF) bit in the CSR. The input 
data latch can be programmed to be 
transparent when IDS is low and latched on 
the positive transition of IDS, or to latch only 
on the positive transition of IDS. 
Correspondingly, the IBF Hag is set on the 
negative or positive transition of ms. 
AFLAG - AFLAG is a bidirectional 1/0 pin 
which can be programmed to be an output 
set high or low under program control, or to 
output the state of the output buffer full flag. 
AFLAG can also be programmed to be an 
input which selects whether tile contents of 

the output buffer, or the contents of the port 6 
control status register will output on port 6. 
This feature grants complete port 6 status to 
external devices. 

BFLAG - BFLAG is a bidirectional 1/0 pin 
which can be programmed to be an output, 
set high or low under program control, or to 
output the state of the input buffer full flag. 
BFLAG can also be programmed to input an 
enable signal for port 6. When BFLAG is 
used as an enable input, port 6 output drivers 
are in the high-impedance state, and the 
input latch does not respond to the TIJS 
strobe when BFLAG is high. Both features 
are enabled when BFLAG is low. This feature 
facilitates the use of the SC8XC451 in bused 
multiprocessor systems. 

CONTROL STATUS REGISTER 
The control status register (CSR) establishes 
the mode of operation for port 6 and indicates 
the current status of port 6 1/0 registers. All 
control status register bits can be read and 
written by the CPU, except bits 0 and 1, 
which are read only. Reset writes ones to bits 
2 through 7, and writes zeros to bits 0 and 1 
(see Table 2). 

CSR.O Input Buffer Full Flag (IBF) (Read 
Only) - The IBF bit is set to a logic 1 when 
port 6 data is loaded into the input buffer 
under control of ms. This can occur on the 
negative or positive edge of IDS, as 
determined by CSR.2 IBF is cleared when 
the CPU reads the input buffer register. 

CSR.l Output Buffer Full Flag (OBF) 
(Read Only) - The OBF flag is set to a logic 
1 when the CPU writes to the port 6 output 
data buffer. OBF is cleared by the positive or 
negative edge of rn:m, as determined by 
CSR.3. 

CSR.2 IDS Mode Select (IOSM) - When 
CSR.2 = 0, a low-to-high transition on the 
IDS pin sets the IBF flag. The Port 6 input 
buffer is loaded on the IDS positive edge. 
When CSR.2 = 1, a high-to-Iow transition on 
the ms pin sets the IBF flag. Port 6 input 

Table 1. Special Function Register Addresses 

REGISTER ADDRESS 

NAME SYMBOL AADDRESS MSB 

Port 4 P4 CO C7 C6 
Port 5 P5 C8 CF CE 
Port 6 data P6 D8 DF DE 
Port 6 control status CSR E8 EF EE 
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buffer is transparent when IDS is low, and 
latched when ms is high. 

CSR.3 Output Buffer Full Flag Clear Mode 
(OBFC) - When CSR.3 = 1, the positive 
edge of the rn:m input clears the OBF flag. 
When CSR.3 = 0, the negative edge of the 
rn:m input clears the OBF flag. 

CSR.4, CSR.S AFLAG Mode Select (MAO, 
MAl) - Bits 4 and 5 select the mode of 
operation for the AFLAG pin as follows: 

MAl MAO 
o 0 
o 1 

o 

AFLAG Function 
Logic 0 output 
Logic 1 output 
OBF Hag output (CSR.l) 
Select (SEL) input mode 

The select (SEL) input mode is used to 
determine whether the port 6 data register or 
the control status register is output on port 6. 
When the select feature is enabled. the 
AFLAG input controls the sourae of port 6 
output data. A logic 0 on AFLAG input selects 
the port 6 data register, and a logic 1 on 
AFLAG input selects the control status 
register. 

CSR.6, CSR.7 BFLAG Mode Select (MBO, 
MB1) - Bits 6 and 7 select the mode 
operation as follows: 

MBl MBO BFLAG Function 
0 a Logic a output 
0 Logic 1 output 

0 IBF flag output (CSR.O) 
1 Port enable (PE) 

In the port enable mode, IDS and rn:m inputs 
are disabled when BFLAG input is high. 
When the BFLAG input is low, the port is 
enabled for 1/0. 

SPECIAL FUNCTION REGISTER 
ADDRESSES 
Special function register addresses for the 
device are identical to those of the SOCSI , 
except for the additional registers listed in 
Table 1. 

BIT ADDRESS 

LSB 

CS C4 C3 C2 Cl CO 
CD CC CB CA C9 C8 
DD DC DB DA D9 DS 
ED EC EB EA E9 E8 
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Figure 1. Port 6 Block Diagram 

Table 2. Control Status Register (CSR) 

Bit7 I Bil6 BitS I Bil4 Bil3 Bil2 Bill BilO 

MBl I MBO MAl I MAO OBFC IOSM OBF IBF 

BFLAG Mode Select AFLAG Mode Select Output Buffer Input Data Output Buffer Input Buller 
Flag Clear Strobe Mode Flag Full Flag Full 

Mode 

010 ~ Logic 0 output' 010 ~ Logic 0 output' o ~ Negative o ~ Positive o ~ Output o ~ Input data 
Oil ~ Logic 1 output' Oil ~ Logic 1 output' edge 01 ODS edge olTOS data buffer bufferemply 
1/0 ~ IBF output 1 10 ~ OBF output 1 ~ Positive 1 ~ Low level emply 1 ~ Input data 
1 11 ~ PI: input 1/1 ~ SEL input edge o ODS olTOS 1 ~Output buffer lull 
(0 ~ Select) (0 ~Select) data buffer lull 
(1 ~ Disable I/O) (1 ~ Control/status) 

NOTE: 
, Output~always mode: MB1 ~ 0, MA 1 ~ 1, and MAO ~ O. In this mode, port 6 is always enabled lor output. ODS only clears the OBF Ilag. 

ABSOLUTE MAXIMUM RATINGS1. 2, 3 

PARAMETER RATING UNIT 

Operating temperature under bias o to +70 DC 

-40 to +85 

Storage temperature range ~5 to +150 DC 

Voltage on any other pin to Vss -0.5 to +6.5 V 

Power dissipation (based on package heat transfer limitations, not device power consumption) 1.5 W 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70°C or -40°C to +85°C, Vee ~ 5V :1-20%, Vss ~ OV (80C451, 83C451) 
Tamb ~ O°C to +70°C or -40°C to +85°C, Vec ~ 5V ±10%, Vss ~ OV (87C451) 

TEST 

SYMBOL PARAMETER CONDITIONS 

VIL Input low voltage; except fA 

VIL1 Input low voltage to 81: 

VIH Input high voltage; except XTAL I, RST 

VIH , Input high voltage; XTAL I, RST 

VOL Output low voltage; ports I, 2,3 IOL ~ 1.6mA2 

VOL1 Output low voltage; port 0, ALE, T'SEN IOL ~ 3.2mA2 

VOH Output high voltage; ports I, 2,3, 4, 5, 6 IOH ~ -SOfIA, 
IOH ~ -25flA 
IOH ~ -10fIA 

VOH ' Output high voltage (port 0 in external bus mode, ALE, IOH ~ -800flA, 
PSEl\!)3 IOH ~ --'lOOflA 

IOH ~-80fIA 

IlL Logical 0 input current,; ports I, 2, 3, 4, 5, 6 VIN ~ O.45V 

ITL Logical l-to-O transition current; ports 1 , 2, 3 See note 4 

III Input leakage current; port a VIN ~ VIL or VIH 

Icc Power supply current: See note 6 
Active mode@ 12MHz5 

Idle mode @ 12MHz5 

Power down mode 

RRST Internal reset pull-down resistor 

Cia Pin capacitance7 - DIP package 
- PLCC package 

NOTES. 

Product specification 
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LIMITS 

MIN TYPICALl MAX UNIT 

-0.5 02Vce-O·1 V 

0 0.2Vce-O·3 V 

O. 2Vcc+0.9 Vcc+0.5 V 

0.7Vcc Vcc+0 .5 V 

0.45 V 

0.45 V 

2.4 V 
0.75Vcc V 

0.9Vec V 

2.4 V 
0.75Vcc V 
0.9Vec V 

-50 flA 

-650 flA 

±10 flA 

11.5 25 mA 
1.3 4 rnA 
3 50 flA 

50 300 kQ 

15 pF 
10 pF 

I. Typical ratings are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The values listed are 
at room temperature, 5V 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed OBV In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEl\! to momentarily fall below the 0.9Vec specification when the 
address bits are stabilizing. 

4. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to o. The transition current reaches its 
maximum value when VIN is approximately 2V 

5. IccMAX at other frequencies is given by: 
Active mode: IccMAX ~ 0.94 X FREQ + 13.71 
Idle mode: IccMAX ~ 0.14 X FREQ +2.31 

where FREQ is the external oscillator frequency in MHz. IccMAX is given in mAo See Figure 13. 
6. See Figures 14 through 17 for Icc test conditions. 
7. CIO applies to ports 1 through 6, AFLAG, BFLAG, XTAL I, XTAL2. 
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AC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70°C or -40°C to +85°C, Vcc ~ 5V ±20%, Vss ~ OV (80C451, 83C451 )" 2 

Tamb ~ O°C to +70°C or -40°C to +85°C VCC ~ 5V +10% Vss ~ OV (87C451) -
12MHz CLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1/tcLCL Oscillator frequency: Speed Versions 
SC8XC451 B 0.5 12 MHz 
SC8XC451 C 3.5 12 MHz 
SC8XC451 G 3.5 16 MHz 

tLHLl 2 ALE pulse width 127 2tcLCL-40 ns 

tAVLL 2 Address valid to ALE low 28 tcLCL-55 ns 

tLLAX 2 Address hold after ALE low 48 tcLCL-35 ns 

tLUV 2 ALE low to valid instruction in 234 4tcLCL-100 ns 

tLLPL 2 ALE low to PSEN low 43 tcLCL-40 ns 

tpLPH 2 PSrn pulse width 205 3tcLCL-45 ns 

tpLiv 2 PSrn low to valid instruction in 145 3tcLCL-105 ns 

tpXIX 2 Input instruction hold after PSEN 0 0 ns 

tPXIZ 2 Input instruction float after !'SEN 59 tcLCL-25 ns 

tAVIV 2 Address to valid instruction in 312 5tcLCL-105 ns 

tpLAZ 2 PSrn low to address float 10 10 ns 

Data Memory 

tRLRH 3,4 rID pulse width 400 6tclcl-100 ns 

tWLWH 3,4 WR pulse width 400 6lcLcL-100 ns 

tRLDV 3,4 rID low to valid data in 252 5tcLcl-165 ns 

tRHDX 3,4 Data hold after FlO 0 0 ns 

tRHDZ 3,4 Data float after FlO 97 2tcLCL-70 ns 

tLLDV 3,4 ALE low to valid data in 517 8tcLcL-150 ns 

tAVDV 3,4 Address to valid data in 585 9lcLcL-166 ns 

ILLWL 3,4 ALE low to FlO or WR low 200 300 3tcLCl-50 3tcLCL +50 ns 

tAVWL 3,4 Address valid to WR low or FlO low 203 4tcLcL-130 ns 

tavwx 3,4 Data valid to WR transition 23 tcLCL-60 ns 

tWHQX 3,4 Data hold after WR 33 lcLCL-50 ns 

tRLAZ 3,4 FlO low to address float 0 0 ns 

tWHLH 3,4 FlO or WR high to ALE high 43 123 tcLCL-40 !CLCL+40 ns 

Shift Register 

tXLXL 5 Serial port clock cycle time 1.0 12lcLcL ~s 

taVXH 5 Output data setup to clock rising edge 700 10lcLCL-133 ns 

tXHQX 5 Output data hold after clock rising edge 50 2tcLcL-117 ns 

tXHDX 5 Input data hold after clock rising edge 0 0 ns 

tXHDV 5 Clock rising edge to input data valid 700 10tcLCL-133 ns 

NOTES: SEE NEXT PAGE 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
Tamb ~ O°C to +70°C or -40°C to +85°C, Vcc ~ 5V ±20%, Vss ~ OV (80C451, 83C451)1. 2 

Tamb ~ O°C to +70°C or-40°C to +85°C, VCC ~ 5V ±10%, VSS ~ ov (87C451) 

12MHzCLOCK 

SYMBOL FIGURE PARAMETER MIN MAX 

Port 6 input (input rise and fall limes = Sns) 

tFLFH 8 PEwidth 270 

t'LiH 8 IUS width 270 

tDVIH 8 Data setup to IUS high or PE high 0 

t'HOX 8 Data hold after lUS high or PE high 30 

t,VFV 9 IUS to BFLAG (IBF) delay 130 

Port 6 output 

!oLOH 6 DIm width 270 

tFvDV 7 SEL to data out delay 85 

!oLDY 6 DIm to data out delay 80 

!oHDZ 6 DIm to data float delay 35 

!oVFV 6 DIm to AFLAG (OBF) delay 100 

IFLOV 6 PE to data out delay 120 

!oHFH 7 DIm to AFLAG (SEL) delay 100 

External Clock 

ICHCX 10 High time 20 

ICLCX 10 Low time 20 

ICLCH 10 Rise time 20 

IcHCL 10 Falitime 20 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 

Product specification 

80C451/83C451/87C451 

VARIABLE CLOCK 

MIN MAX UNIT 

3ICLCL +20 ns 

3ICLCL +20 ns 

0 ns 

30 ns 

130 ns 

3ICLCL +20 ns 

85 ns 

80 ns 

35 ns 

100 ns 

120 ns 

100 ns 

20 ns 

20 ns 

20 ns 

20 ns 

2. Load capacitance for port 0, ALE, and PSEN ~ 100pF, load capacitance for ali other outputs ~ BOpF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The P - FSEN 
first character is always 't' (~time). The other Q - Output data 
characters, depending on their positions, R - !=ITJ signal 
indicate the name of a signal or the logical t - Time 
status of that signal. The designations are: V - Valid 
A - Address W - WI'! signal 
C - Clock X - No longer a valid logic level 
D - Input data Z - Float 
H - Logic level high Examples: tAVLL ~ Time for address valid 
I - Instruction (program memory contents) to ALE low. 
L - Logic level low, or ALE ILLPL ~ Time for ALE low to 

~Iow. 

ALE 

PORTO AD-A7 

PORT 2 AB-A15 

Figure 2. External Program Memory Read Cycle 

ALE 

tWHLH 

k-----tLLDV ------;·~I 
tLLWL -~....----tRLRH ---~ 

PORTO iNSTR IN 

PORT 2 P2.G-P2.7 OR AS-A 15 FROM DPH Ae-A15 FROM PCH 

Figure 3. External Data Memory Read Cycle 
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ALE 

tWHLH ---

tLLWL ---'Jo-!+---tWLWH ---~ 

WR ____________ ~~--------,I 

tllAX 
tovwx 

PORTO DATA OUT AO-A.1 FROM peL INSTRIN 

PORT 2 P2.0-P2.7 OR A8-A15 FROM DPH AO-A15 FROM PCH 

Figure 4. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

r- tXlXL -1 
------, 

CLOCK 

1 -+1 I- tXHOX I 
tOVXH ~I 

OUTPUT DATA _____ ....-____ """\. 

t 
WRITE TO SBUF 

INPUT DATA 

~' 
CLEAR RI t 

SETRI 

Figure 5. Shill Register Mode TIming 
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OBF(AFLAG) 
"l l\.. 

~ ~VFV ---l ~VFV 
"-l'E(BFLAG) 

tOLOH 

~tOHDZ r-1. tOLDV 

r+- tFLDV -..J' /I 
PORT 6 

Figure 6. Port 6 Output 

/ 

-: tOHFH 

SEL(AFLAG) / " -- tFVDV tFVDV 

"'-DATA CSR DATA PORT 6 

Figure 7. Port 6 Select Mode 

____ ..JL~-----tFLFH --------.11 ...... __________ _ 

l'E (BFLAG) 

____ ~r-I--------~UH-------4~.L_-----------

1/ tDVlH ----k--"'-I~J tlHDZ 

roRT6----------------<~~-----------------J~~--------------

Figure S. Port 6 Input 

IBF(BFLAG) ~ ~ 
IDS ______ ~~_~V_FV ___________ ~-t-lv-F-V--------

Figure 9. IBF Flag Output 
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Vcc-O·s 

O.45V 

Figure 10. External Clock Drive 

VLOAD-----< 
Vcc-O·

5 ==x >C 0.2VCC"<>'9 

0.45V ._0_.2_V""C:.:c-O,-·_' ____ ~ 

NOTE, NOTE, 

TIMING 
REFERENCE 

POINTS 

VolJ"-<I·1V 

AC inputs during testing are driven at Vee -0.5 for a logic '1' and 0.45V for a logic '0', 

TIming measurements are made at VIH min for a logic '1' and VIL for a logic '0', 

For timing purposes, a port is no longer floating when a l00mV change from load 
voltage occurs, and begins to float when a 100mV change from the loaded VaH' 
VOL level occurs. IOHIIOL ~ ±...2OmA. 

Figure 11. AC Testing InpulfOutput Figure 12. Float Waveform 

1/ 
V 

MAX ACTIVE MODE 
30 

25 

20 

V 
/ 

7 [7 
IcemA 15 TYP ACTIVE MODE 

'0 

V 
/ 

V MAX IDLE MODE 

"7 TYP IDLE MODE 

4MHz 8MHz 12MHz 16MHz 

FREQ AT XTAl1 

VALID ONLY WITHIN FREOUENCY SPECIFICATIONS OF THE DEVICE UNDER TEST. 

Figure 13. Icc vs. FREQ 
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Vee Vcc 

Vee 
RST 

PO 

EJ: 

(NC) Vee (NC) XTAl2 

CLOCK SIGNAL 
Vee 

XTAU 
IDS 

OIlS Vss 

Figure 14. Icc Test Condition, Active Mode 
All other pins are disconnected 

Figure 15. lee Test Condition, Idle Mode 
All other pins are disconnected 

January 7, 1993 

VC~·5 - - - -r-o.7V-:-:-CC~ 

O.4SV o.2V~.1 "---'I 

IcLCL 

Figure 16. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
IcLCH = IcHCL = 5ns 

Vcc 
RST 

PO 
-

EX 

(NC) XTAL2 
Vcc 

XTAL1 

vss IDS 

OIlS 

Figure 17. Icc Test Condition, Power Down Mode 
All other pins are disconnected. Vee = 2V to S.SV 
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EPROM CHARACTERISTICS 
The 87C451 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEII'ROG pulses. 

The 87C451 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C451 manufactured by Philips 
Semiconductors. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 18 and 19. Figure 20 shows 
the circuit configuration for normal program 
memory verification. 

auick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 18. Note that 
the 87C451 is running with a 4 to SMHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EP ROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 18. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEII'ROG is pulsed low 25 times as shown 
in Figure 19. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through lFH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bir levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ~pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-{:hip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 20. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port o. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verilication data. The 
encryption table itself cannot be read out. 

Table 3. EPROM Progamming Modes 
MODE RST PSER ALEiPROO El(Npp P2_7 

Read signature 1 0 1 1 0 

Program code data 1 0 o· Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O· Vpp 1 

Pgm lock bit 1 1 0 O· Vpp 1 

Pgm lock bit 2 1 0 O· Vpp 1 

NOTES. 
1. '0' = Valid low for that pin, 'I' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. Vee = 5V ±10% during programming and verification. 
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Reading the Signature Bytes 
The signature bytes are read by the sarne 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.S 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 

Philips 
(031 H) = 90H indicates 87C451 

ProgramIVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 
1 week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcrn2. Exposing the EPROM to an 
ultraviolet lamp of 12,OoouW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an allIs state. 

P2_6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

ALEII'ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for IOOlls (±10..,.) and high for a 
minimum of 10..,.. 

T"Trademark phrase of Intel Corporation. 

January 7, 1993 634 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C451 183C451 187C451 

+5V -

" 
Vee 

tL--
M-A7 P1 PO PGMDATA 

1 RST ElWpp +12.75V 

1 Pa6 AlEJPIIOO 25 100,," PULSES TO GROUND 

1 P3.7 87C451 I'SEIl 

ck 1-
XTA12 P2.7 

P2.6 

T T A 

XTAL1 P2.0-¥2.4 A8-A12 
'I 

I-- Vss 
- ~ 

Figure 18. Programming Configuration 

�"' .. ------------25PULSES -------------..1-1 
r-----

ALEIPIIOlE 

I 

'--- 10,,"MlN -1 "'1·~----10""±10----~·~1 
ALEIPIIOlE ------:o~1 ________ ..... nL..-_______ ...... nL __ 

Figure 19. I'ROG Waveform 

Vee 
AO-A7 P1 PO PGMDATA 

AST ElWpp 

P3.6 ALEIPROO 

Pa7 87C451 I'SEIl 

XTA12 P2.7 o ERlIBt'E 

P2.6 0 

XTAL1 P2.o-P2.4 A8-A12 

vss 

Figure 20. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb ~ 21°C to +27°C. Vee = 5V±10%. VSS = OV (See Figure 21) 

SYMBOL 

Vpp 

Ipp 

1/lcLCL 

tAVGL 

lGHAX 

tOVGL 

lGHoX 

leHSH 

tSHGL 

lGHSL 

lGLGH 

tAVQV 

leLQZ 

tEHQZ 

IcHGL 

P1.O-P1.7 
P2.O-P2.4 

PORTO 

ALEIJ'llOG 

EJ(lVpp 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to PROG low 

Address hold after PROG 

Data setup to PROG low 

Data hold after PROG 

P2.7 (EW~BIT) high to Vpp 

Vpp setup to PROG low 

V pp hold after PROG 

PROGwidth 

Address to data valid 

EJIIAB[E low to data valid 

Data float after ENABIT 

PROG high 10 PROG low 

PR<XiRAMMlNG* 

ADDRESS 

-
DATA IN 

IDVGL --. I- ---)0 I- tGHDX 
lAVGl ----.. I--> tGHAX 

~-. 
VI 

tGLGH - >4- tGHGL 
tSHGL'- IGHSL 

// '" lOGIC 1 

LOGIC 0 ------------ --------- ...... ------------------

P2.7 
EmmIT 

tEHSH 

'FOR PROGRAMMING VERIFICATION SEE FIGURE 18. 
FOR VERIFICATION CONDITIONS SEE FIGURE 20. 

tELQ~ 

I 
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MIN MAX UNIT 

12.5 13.0 V 

50 rnA 

4 6 MHz 

48lcLCL 

48IcLCL 

48lcLCL 

48lcLCL 

48lcLCL 

10 I's 

10 !'S 

90 110 !'S 

48lcLCL 

48lcLCL 

0 48lcLCL 

10 I's 

VERIFICATlOM* 

ADDRESS 

~ IAvav 

DATA OUT 

LOGIC 1 

----------- ------------
tEHaz 

·1 

Figure 21. EPROM Programming and Verification 
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8XC524/8XC528 OVERVIEW 
The BXC52418XC528 are high~performance 
single~chip microcontrollers manufactured in 
an advanced CMOS process and are 
derivatives of the BOC51 microcontroller 
family. With 1he exception of open-drain 
outputs on two port pins. they are fully 
compatible with the industry standard BOC51 
and in dude a number of additional 
enhancements. They are well suited for 
applications requiring large amounts of 
on~chip ROM and RAM. Additional special 
function registers are incorporated to control 
the on-chip peripherals. 

The 8XC524/8XC528 contains a non~volatile 
16k (8XC524) or 32k (8XC52B) x 8 read-only 
program memory. a volatile 512 x 8 
read/write data memory. four 8~bit I/O ports. 
two 16~bit timer/counters (identical to those in 
the 80C51). a 16-bit timer coupled to capture 
and compare registers (identical to T2 of the 
80C52). a multi source two~priority level 
nested interrupt structure. two serial 
interfaces (a standard UART and 12C bus). a 
walchdog timer with separate oscillator. and a 
master oscillator. The 8XC524/BXC528 also 
include ROM code protection and enhanced 
recovery from power-down mode. 

Differences from the 80C51 
The 8XC524/8XC528 contains 16 (8XC524) 
or 32 (8XC528) kbytes of on~chip program 
memory which can be extended to 64 kbytes 
with external memories (see Figure 1). 

When the "EA pin is held high. the 
8XC524/BXC528 fetches instructions from 
internal ROM unless the address exceeds 
7FFFH. Locations 8000H to FFFFH are 

32767 (8XC528) 

16383 (8XC524) 
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fetched from external program mernory. 
When 1he"EA pin is held low. all instruction 
fetches are from external memory. The 
80/83C528 latches the "EA pin during RESET. 

By setting a mask programmable security bit. 
the internal ROM contents are protected and 
cannot be read with the help of test modes or 
by execution of MOVC instructions from 
external program memory. The operation of 
the MOVC instructions in internal and 
external program memory with the security bit 
is as follows: 

FUNCTION ACCESS TO ACCESS TO 
INTERNAL EXTERNAL 
PROGRAM PROGRAM 
MEMORY MEMORY 

MOVCin 
internal 

Yes Yes program 
memory 

MOVC in 
external 

No Yes program 
memory 

There are no restrictions on the operation of 
MOVC instructions if the security bit is 
cleared (logic zero). The state of 1he EA pin is 
latched during reset. and its status following 
reset is ignored. This prevents reading from 
internal program memory by switching from 
external to internal mode during the execution 
of a MOVC instruction. 

Data Memory 
The internal data memory is divided into four 
physically separate sections: the lower 128 

64. 

External 

32768 (8XC528) 

16384 (8XC524) 

1 
32767 

.~ 

Extemal 
Internal (Elf, 0) 
(EA" = 1) 

0 

Program Memory 

Figure 1. Program Memory 
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bytes of RAM, a second 128 bytes of RAM, a 
256~byte auxiliary RAM (AUX-RAM), and the 
128~byte special function register (SFR) 
space. 

The lower 128 bytes of RAM (addresses 0 to 
7FH) are directly and indirectly addressable 
and correspond to the 128 bytes of RAM in 
the 80C51. The second 128 bytes of RAM 
and the special function registers share the 
same address space but are accessed 
through different addressing modes. 

RAM locations 80H to FFH are only indirectly 
addressable while 1he special function 
registers are only directly addressable. This 
is the same addressing method used in the 
80C52. 

The 256~byte AUX~RAM. while physically 
located on~chip, logically occupies the first 
256 bytes of external data memory. As such, 
it is indirectly addressed in 1he same way as 
external data memory using 1he MOVX 
instructions in combination with any of the 
registers RO, Rl, or DPTR. Accesses to 
AUX~RAM locations (0 to FFH) will not affect 
ports PO, P2, or pins P3.6 or P3.7. 

Access to external data memory locations 
100H to FFFFH will perform normally. The 
stack may be located anywhere in 1he 
internal data memory by loading 1he 8~bit 
stack pointer and has a maximum dep1h of 
256 bytes. The stack may not be located in 
AUX~RAM. Figure 16 shows the data 
memory map of the 8XC528 along with a 
summary of accessing modes. 
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Special Function Reg/sters 
The special function registers contain all of 
the 8XC524/8XC528 registers except the 
program counter and the four register banks. 
Most of the 31 special function registers are 
used to control on-chip peripheral hardware. 
Other registers include arithmetic registers 
(ACC, B, PSW), stack pointer (SP), and data 
pointer registers (OPH, OPL). Thirteen of the 
SFRs are bit addressable. Table 1 lists the 
8XC524/8XC528 special function registers. 

The standard 80C52 SFRs are present and 
function identically in the 8XC524/8XC528. 
SFRs SCaN and SBUF of the 80C51 have 
been renamed SOCaN and SOBUF, 
respectively. 

Watchdog Timer 
In addition to timers TO, Tl, and T2, the 
8XC524/8XC528 also includes a watchdog 
timer. T3. The purpose of a watchdog timer is 
to reset the microcontroller within a 
reasonable time should it enter an erroneous 
processor state (possibly caused by electrical 

FF FF 

AUX-RAM 80 
256 Bytes 

7F 

00 00 
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noise or RFI). When enabled, the watchdog 
circuitry will generate a system reset if the 
user program fails to reload the watchdog 
timer prior to the timer overflowing. 

The watchdog timer consists of an II-bit 
prescaler and an 8-bit timer, T3, shown in 
Figure 3. The prescaler is incremented by a 
dedicated on-chip oscillator with a fixed 
frequency of 1 MHz with a tolerance of + 100% 
and -50%. The 8-bit timer, T3, increments 
every 2048 cycles of this dedicated oscillator. 

When a timer overflow occurs, the 
8XC524/8XC528 is reset, and a reset pulse 
of 16 x 2048 cycles of the dedicated oscillator 
is generated at the reset pin. 

The internal reset signal is not inhibited when 
the external reset pin is held low by an 
external circuit. The watchdog timer is 
controlled by the special function register 
WOCaN. After a reset signal, WOCaN will 
contain the value A5H, which halts the 
dedicated oscillator and clears both the 

U_. 
128 Bytes 
Inlernal 

RAM 

Lower 
128 Bytes 
Internal 

RAM 

FF 

Special 
Ft.nCtion 
Registers 

80 

8XC524/8XC528 overview 

prescaler and timer T3. Any value stored in 
WDCON other than A5H will enable the 
watchdog timer. 

TImer T3 can be read on the fly. TImer T3 can 
only be written if WOCaN contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WDCaN, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. 

During a read or write operation to T3, the 
output of the dedicated oscillator is inhibited 
to prevent timing problems due to 
asynchronous increments of T3. To prevent 
an overflow of the watchdog timer, the user 
program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog interval. This time 
interval is determined by the 8-bit value 
loaded into T3. 

Watchdog interval ~ 

FFFF 

External 
Data 

Memory 

0100 

[256 - (T3)] x 2048 

dedicated osc freq 

Figure 2. Internal Data Memory Address Space 
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Table 1. 8XC524/8XC528 Special Function Registers 

SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 
ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B' B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR: Data pointer (2 bytes): 
DPH Data pointer high 83H OOH 
DPL Data pointer low 82H OOH 

AF AE AD AC AB AA A9 AS 

IE'# Interrupt enable A8H EA ESI ET2 ESO ETI EXI ETO EXO OOH 

BF BE BD BC BB BA B9 Ba 

IP'# Interrupt priority B8H - PSI PT2 PSO PTt PXl PTO PXO xOODODOOB 

87 86 85 84 83 S2 81 80 

PO' PortO SOH AD7 AD6 AD5 AD4 AD3 AD2 ADI ADO FFH 

97 96 95 94 93 92 91 90 

PI' Port 1 90H SDA SEL - - - - T2EX T2 FFH 

A7 A6 A5 A4 A3 A2 AI AD 

P2" Port 2 ADH A15 A14 A13 A12 All Al0 A9 AS FFH 

B7 B6 B5 B4 B3 B2 Bl SO 

P3" Port 3 BOH RD WR T1 TO INTI INTO TxD RxD FFH 

PCON Power control 87H SMOO - - - GFI GFO PO 10L OxxxOOOOB 

07 06 05 04 03 02 01 00 

PSW" Program status word OOH CY AC FO RSI RSO OV Fl P DOH 

RCAP2H# Capture high CBH DOH 
RCAP2L# Capture low CAH OOH 
SBUF Serial data buffer 99H xxxxxxxxB I 

9F 9E 90 9C 9B 9A 99 98 

SCaN" Serial controller 98H SMO SMI SM2 REN T88 RBa TI RI DOH 

SIBIT# Serial12C data 09H/RO SOl 0 0 0 0 0 0 0 xOODOOOOB 

WR SOO X X X X X X X OxxxxxxxB 

SIINT# Serial 12C interru pt OAH INT X X X X X X X OxxxxxxxB 

OF OE 00 OC DB DA 09 08 

SISCS'# Serial12C control OSHIRO SOl SCI CLH BB RBF WBF STR ENS xxxxDOOOB 

WR SOO SCO CLH X X X STR ENS OOxxxxDOB 

SP Stack pointer 81H 07H 

SF 8E 80 8C 8B 8A 89 88 

TCON" Timer control 88H TFI TRI TFO TRO lEI ITI lEO ITO DOH 

CF CE CO CC CB CA C9 C8 

T2CON"# Timer 2 control C8H TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2 CP/RL2 DOH 

THO Timer high 0 8CH DOH 
THI Timer high 1 80H DOH 
TH2# Timer high 2 COH DOH 
TLO Timer low 0 8AH DOH 
TL1 Timer low 1 8BH DOH 
TL2# Timer low 2 CCH DOH 
T3# Watchdog timer FFH DOH 

TMOO Timer mode 89H GATE CIT Ml MO GATE CIT Ml MO OOH 

WDCON# Watchdog control A5H ASH 

SFRs are bit addressable. 
# SFRs are modified from or added to the BOC51 SFRs. 
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WDCON 

SAH ASH Clear 

AND 

AND 

WR-T3 

RD-T3 

.. This signal is Beli. if WDCON 
contains this hex value. 

12C Interface 
Support of the 12C bus on the 8XC5241 
8XC528 is provided by a bit-level serial 
interface. This interface is supported by 
registers SlINT, SIBIT, and SISCS in 
conjunction with pins Pl.6/SCl and 
PI. 7/SDA. These latter two pins meet the 12C 
bus specifications for input and output drive 
levels and consequently have open drain 
outputs. All four modes of the 12C bus are 
supported: master transmitter, master 
receiver, slave transmitter, and slave receiver. 
A 100kbps data rate can be achieved in slave 
mode with a master oscillator frequency of 
12MHz. In Master mode with a 12MHz clock 
a muximum data rate of 70k bps can be 
achieved. 
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Cleo, 

Intem.1 Bus 

11-Bit Pre.caler 

Input 

OR On-Chip 
Osci.alor 

Hall 

Write 

Internal RESET 

Figure 3. Watchdog TImer T3 

The 12C interface on the 8XC524/8XC528 
performs the following functions: 

• Generates an interrupt on reception of a 
START condition 

• Recognizes a STOP condition and 
indicates busy or free status of bus 

• latches a received serial bit 

• Generates a single serial clock pulse on 
SClpin 

• Performs serial clock synchronization 

• Detects bit-level arbitration loss 

640 
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The three SFRs used for 12C are: 

SllNT 
7 4 

liNT I X X I X X X X X 

Sl BIT (READj) 
7 6 4 

I SOl I 0 0 I 0 I 0 I 0 I 0 0 I 
(WRITE) 

7 6 0 

I SDo I X I X X I X X X X 

SlSCS (READ) 

7 6 S 4 3 2 1 0 

I SOl I SCI I CLHI BB I RBF I WBFI sml ENS I 

(WRITE) 
7 S 4 1 0 

I SDo I SCO I CLHI X X X I sml ENS I 
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Interrupts 
The interrupt structure of the 8xe5241 
8XCS28 is the same as that used in the 
8OC5t but includes two additional interrupt 
sources: one for the third timer/counter, T2, 
and one for the 12e interface. The interrupt 
enable and interrupt priority registers are IE 
andlP. 

IE (A8H) 
76543210 

1~1~1~1~lml~I~I~1 

Symbol Position Function 
EA IE.7 General 

ESt IE.6 

ET2 IE.S 
ESO lEA 

ETI IE.3 
EXI IE.2 

ETO IE. 1 
EXO IE.O 

enable/disable control 
0- No interrupt is 

enabled 
1 - Any individually 

enabled interrupt 
will be accepted 

Enable bit~level12e 110 
interrupt 
Enable timer 2 interrupt 
Enable serial port 
interrupt 
Enable timer 1 interrupt 
Enable external 1 
interrupt 
Enable timer 0 interrupt 
Enable external 0 
interrupt 

IP(BSH) 
76543210 

I - I PS1 I PT21 PSO I PH I PX1 I PlO I P~ 
Symbol Position Function 

IP.7 Reserved 
PSt IP.6 Bit~level12e interrupt 

priority level 
PT2 IP.5 limer 2 interrupt priority 

level 
PSO IP.4 Serial port interrupt 

priority level 
PT1 IP.3 limer 1 interrupt priority 

level 
PXl IP.2 External interrupt 1 

priority level 
PTO IP.l Enable timer 0 interrupt 
PXO IP.O External interrupt 0 

priority level 

The interrupt vector locations and the 
interrupt priorities are: 

Source 
Vector Address 
0OO3H lEO 
002BH TF2+EXF2 
OOS3H SI (12e) 
OOOBH TFO 
0013H lEI 
001BH TFI 
0023H Rl+Tl 

Idle Mode 

Priority within Level 
Highest 

Lowest 

Idle and power-down operation is similar to 
that used in the 8Oe51. Idle mode permits the 
interrupts, serial ports, and timers to function 
while the CPU operation is halted. During idle 

8XC524/8XC528 overview 

mode, the following functions remain active 
and may generate an interrupt or reset 
ending the idle mode: 

• limer 0, 1, 2, or 3 (watchdog) 

• Standard async UART 

• 12e interface 

• External interrupts 

Idle mode is entered by setting bit peON.o. 
Once in the idle mode the CPU status is 
preserved, and all registers and RAM 
maintain their data. The status of device pins 
during idle mode is shown in Table 2. Idle 
mode is terminated by the activation of any 
enabled interrupt or by the occurrence of a 
reset signal (including the watchdog timer 
overflow). 

Power-Down Mode 
During power~down mode, the master 
oscillator is stopped, CPU status is 
preserved, and all registers and RAM retain 
their data. The status of device pins during 
power down is the same as with the idle 
mode and is shown in Table 2. The 
power-down mode is terminated by a reset 
signal (induding a watchdog timer overflow), 
or by the occurrence of either of the two 
external interrupts. 

To terminate power-<!own mode with the 
external interrupts, the given interrupt must 
be programmed to be level~sensitive and 
must be enabled. The interrupt pin must be 
held low until the master oscillator has 
restarted and is stabilized. 

Table 2. Status of the External Pins During Idle and Power-Down Modes 
MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 PORT 3 

Idle Internal 1 1 Port data Port data Port data Port data 

Idle External 1 1 Floating Port data Address Port data 

Power~down Internal 0 0 Port data Port data Port data Port data 

Power~down External 0 0 Floating Port data Port data Port data 
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DESCRIPTION 
The 87C524 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C524 has the 
same instruction set as the 80C51. 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 

The 87C524 contains a 16k x 8 EPROM, a 
512 x8 RAM, four8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a 16-bit timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-Ievel, nested interrupt structure, 
two serial interfaces (UART and 12C-bus), 
and on-chip oscillator and timing circuits. 

In addition, the 87C524 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

LOGIC SYMBOL 

January 7, 1993 

~ ..•.••••. ~~ •. ~ .. -
FEATURES 
• 80C51 instruction set 

- 16k x 8 EPROM 

- 512x8 RAM 

- Memory addressing capability 

64k ROM and 64k RAM 

- Three 16-bit counter/timers 

- On-chip watchdog timer with oscillator 

- Full duplex UART 

- 12C serial interface 

• Power control modes: 

- Idle mode 

- Power-<lown mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Two speed ranges at Vee = 5V ±1 0% 

- 3.5 to 16MHz 

- 3.5 to 20MHz 

• Extended temperature ranges 

• OTP package available 

• EPROM code protection 

g~~ g~ADDRESS AND _ ~_ DATA BUS _0._ 
- -- -
~~kT2 ~ -T2EX 

SCL 

SDA 

~~~~""=.~ 

642 

Product speciftcation 

87C524 

PIN CONFIGURATIONS 

Vee 
PO.DfAIXI 

PO.1fAD1 

PO.2fAD2 

PO.3fAD3 

PO.4fAD4 

PO.5fAD5 

PO.6fA06 

PO.7fAD7 

EJI'IVPP 

Al.EfPIIOG 

P5ER 

P2.7fA15 

TO/P3.4 P2.61A14 

T1IPa,5 P2.S/A13 

WRIP:I .• P2.41A12 

P2.3/A11 

XTAl2 P2.21Al0 

XTALl P2.1/A9 

Vss P2.0fA8 

4D 

39 

17 29 

18 28 

44 34 

33 

11 23 

12 22 

853-1591 08659 
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ORDERING INFORMATION 

EPROM TEMPERATURE RANGE °C AND PACKAGE 

P87C524EBP N o to +70, Plastic Dual In-line Package 

P87C524EBF FA o to +70, Ceramic Dual In-line Package wlWindow 

P87C524EBA A o to +70, Plastic Leaded Chip Carrier 

P87C524EBL KA o to +70, Ceramic Leaded Chip Carrier wlWindow 

P87C524EBB B o to +70, Plastic Quad Flat Pack 

P87C524GFP N --40 to +85, Plastic Dual In-line Package 

P87C524GFF FA --40 to +85, Ceramic Dual In-line Package wlWindow 

P87C524GFA A --40 to +85, Plastic Leaded Chip Carrier 

P87C524GFL KA --40 to +85, Ceramic Leaded Chip Carrier wlWindow 

CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

0 n ~ Ii 34 

R 
7[ 0 

:::J 3' 1= 0 = 33 

LCC PQFP 

17[ :::J 2. 
11= =23 

'd ~ tl ~ 
12 22 

Pin Function Pin Function Pin Function Pin Function 

1 NC 23 NC 1 P1.5 23 P2.5IA13 

2 Pl.0!T2 24 P2.OIAB 2 P1.61SCl 24 P2.61A14 

3 P1.1!T2EX 25 P2.1/A9 3 P1.7/SDA 25 P2.7/A15 

4 Pl.2 26 P2.21Al0 4 RST 26 PSEJII 
5 Pl.3 27 P2.31Al1 5 P3JVRxD 27 AlE,1f'ROG 

6 P1.4 28 P2.4!A12 6 NC 2B NC 

7 Pi.5 29 P2.51A13 7 P3.1fTxD 29 8Wpp 
8 P1.6/SCl 30 P2.6/A14 8 P3.21l1ml 30 PO,7/AD7 
9 P1.7/SDA 31 P2.7/A15 9 P3.3/J1'ITT 31 PO,6/AD6 

10 RST 32 PSEJII 10 P3.4JTO 32 PO.5/AOS 
11 P3.0/RxD 33 AlElP"ROO 11 P3.5'Tl 33 PO.4/AD4 
12 NC 34 NC 12 P3.6IWR" 34 PO.3/AD3 
13 P3.11TxD 35 8Wpp 13 P3.7RO 35 PO,21AD2 

14 P3.2f1m1l" 36 PO]/AD7 14 XTAl2 36 PO.lIADl 
15 P3.3IIlITf 37 PO.6JADS 15 XTALl 37 PO.O/ADO 

16 P3.4fTO 38 PO.51AD5 16 VSS 3B Vee 
17 P3.5IT1 39 PO.4/A04 17 NC 39 NC 
18 P3.!WIR 40 PO.3/AD3 18 P2.Q'AB 40 P1,0IT2 
19 P3.77lID 41 PO.21AD2 19 P2.1/AS 41 Pl.11T2EX 
2D XTAL2 42 PO.lIAD1 20 P2,21A10 42 P1.2 
21 XTAL1 43 PO.D/ADO 21 P2,3/A11 43 P1,3 
22 VSS 44 VCC 22 P2,41A12 44 Pl.4 
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FREQUENCY DRAWING NUMBER 

16MHz 0415C 

16MHz O590B 

16MHz 0403G 

16MHz 1472A 

16MHz 80T311 

20MHz 0415C 

20MHz 0590B 

20M Hz 0403G 

20MHz 1472A 
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.O-O.7 39-32 43-38 37-30 110 Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. Port 0 also outputs the code 
bytes during program verification in the P8?C524. External pull-ups are required during 
program verification. 

Pl.D-Pl.? 1-8 2..g 40-44, 110 Port 1: Port 1 isan 8-bit bidirectional 110 port with internal pull-ups, except Pl.6 and PI.? 
1-3 which are open drain. Port 1 pins thaI have 1 s written to thern are pulled high by the internal 

pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the Internal pull-ups. (See DC Electrical Characteristics: IILl. 
Port 1 can sink/source one TTL (4LSTTL) inputs. Port 1 receives the low-order address byte 
during program memory verification. Port 1 also serves alternate functions for timer 2: 

1 2 40 I T2 (PI_D): Timerlcounter 2 external count input. 
2 3 41 I T2EX (Pl.l): Timer/counter 2 trigger input. 
? 8 2 110 SCL (Pl.6): 12C serial port clock line. 
8 9 3 110 SDA (Pl.7): 12C serial port data line. 

P2.D-P2.? 21-28 24-31 18-25 I/O Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 ern its the contents of the P2 special function register. 

P3.D-P3.7 10-17 II, 5, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have Is 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 
SC80C51 family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 ? 0 TxD (P3.1): Serial output port 
12 14 8 I INTlJ (P3.2): External interrupt 
13 15 9 I 1NTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): Timer 0 external input 
15 17 11 I T1 (P3.S): Timer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 RD (P3.7): External data memory read strobe 

RST 9 10 4 110 Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to V ce. After a watchdog timer overflow, this pin is pulled high while the internal 
reset signal is active. 

ALEIPROG 30 33 27 110 Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is Ski~~~£Uring each access to external data memory. This pin is 
also the program pulse input ( ) during EPROM programming. 

"PS"rn 29 32 26 0 Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, I'"SElir is activated twice each machine 
cycle, except that two I'"SElir activations are skipped during each access to external data 
memory. l'SER is not activated during fetches from internal program memory. 

ENVpp 31 35 29 I External Access Enable/Programming Supply Voltage: E1\" must be externally held low to 
enable the device to fetch code from external program memory locations OoaOH to ?FFFH. If 
lOA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTALI 19 21 15 I Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. Internal and External Program Memory Access with Security Bit Set 

INSTRUCTION 

MOVC in internal program memory 

MOVC in eXiernai program memory 

INTERNAL DATA MEMORY 
The internal data memory is divided into three 
physically separated segments: 256 bytes of 
RAM, 256 bytes of AUX-RAM, and a 128 
bytes special function area. These can be 
addressed each in a different way. 

- RAM 0 to 127 can be addressed direcdy 
and indirectly as in the 8OC51. Address 
pointers are RO and R1 of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51 . Address 
pointers are RO and Rl of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external dala memory 
with the MOVX instructions. Address 
pointers are RO, R 1 of the selected register 
bank and OPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 

An access to external dala memory locations 
higher than 255 will be performed with the 
MOVX OPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external dala memory cannot be accessed 
with RO and R 1 as address pointer. 

TIMER 2 
Iimer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 
The watchdog timer consists of an ll-bit 
prescaler and an S-bit timer fonmed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1 MHz. The maximum 
tolerance on this frequency is -50% and 
+ 1 00%. The 8-bit timer increments every 
204S cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 
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ACCESS TO INTERNAL 
PROGRAM MEMORY 

YES 

NO 

reset and a reset oulput pulse of 16 x 2048 
cycles of the on-chip oscillator is generated at 
pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1 , 2, 3 into the 
high slate and port 0 into the high impedance 
slate. 

The watchdog timer is controlled by one 
special function register WOCON with the 
direct address location A5H. WOCON can be 
read and written by software. A value of A5H 
in WOCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WOCON conlains A5H. 
Every value other than A5H in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. Timer T3 can 
only be written if WOCON conlains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WOCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. To prevent an overflow of the 
watchdog timer, the user program has to 
reload the watchdog timer within periods that 
are shorter than the programmed watchdog 
timer internal. This time interval is detenmined 
by an 8-bit value that has to be loaded in 
register T3 while at the same time the 
prescaler is cleared by hardware. 

Watchdog timer interval = 
[256-(T3)] X 2048 

on - chip oscillator frequency 

BIT-LEVEL 12C INTERFACE 
This bit-level serial 110 interface supports the 
12C-bus. P1.6/SCL and P1.7/S0A are the 
serial 110 pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain oulput configuration. 
All the four modes of the 12C-bus are 
supported: 
- master transmitter 
- master receiver 

- slave transmitter 
- slave receiver 

The advanlages of the bit-level12C hardware 
compared with a full software 12C 
implemenlation are: 
- the hardware can generate the SCL pulse 
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- Testing a single bit (RBF respectively, 
WBF) is sufficient as a check for error free 
transmission. 

The bit-level 12e hardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 

signals 
- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the seL 
line 

- latching a serial bit on the SOA line (SOl) 

- stretching the SCl LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCl clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SOA = 0 while SOO = 1) 

- setting a serial clock Low-to-High detected 
(CLH) flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial dala bit 

- generating an automatic clock if the single 
bit dala register SlBIT is used in master 
mode. 

The following functions must be done in 
software: 
- handling the 12C START interrupts 

- converting serial to parallel data whe~ 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the 12e status if RBF or WBF = O. 

Additionally, if acting as master: 
- generating START and STOP conditions 
- handling bus arbitration 

- generating serial clock pulses if SI BIT is 
not used. 

Three SFRs control the bit-level12C interface: 
SIINT, SIBITand SlSeS. 
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 642. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cyde of the external 
dock signal, because the input to the internal 
dock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cydes. At 
power-up, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-<:hip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the BOC51 or 
in addition by one of two external interrupts, 
INTO or INT1. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt INW or lFITI 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 

Table 2. External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE lSS"ER PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER 

Operating temperature under bias 

Storage temperature range 

Voltage on r=f!iJVpp pin to Vss 

Voltage on any other pin to V ss 

Input. output current on any two pins 

Power dissipation 
(based on package heat transfer limitations, not device power consumption) 

NOTES: 
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signallNW and lFITI must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register peON. 

DESIGN CONSIDERATIONS 
At power~n, the voltage on Vee and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of I/O ports during 
low current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

RATING UNIT 

o to +70 or -40 to +85 °C 

.-Q5to+150 °C 

Oto +13.0 V 

-0.5 to Vee +0.5 V 

±10 rnA 

1.0 W 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless othelWise specified. All voltages are with respect to Vss unless othelWise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tamb -O"C to +70"C or-40"C to t85"C Vcc = 5V+l0% Vss = OV - -

PART TEST UMITS 

SYMBOL PARAMETER TYPE CONDITIONS MIN MAX UNIT 

VIL Input low voltage, Oto+70"C -0.5 0.2Vcc--O.l V 
exceptEJS:, Pl.6/SCL, Pl.7/sDA -40tot85"C -0.5 0.2Vcc--O.15 V 

Vll1 Input low voltage to EJS: o to +70"C 0 0.2Vcc--O.3 V 
-40 to t85"C 0 0.2Vcc--O·35 V 

VIL2 Input low voltage to Pl.6/sCL, Pl.7SDA5 -0.5 1.5 V 

VIH Input high voltage, o to+70"C 0.2Vcc+O.9 Vcc+0.5 V 
except XTAL 1, RST, Pl.61SCL, Pl.7/sDA -40tot85"C 0.2Vcc+1 Vcc+0.5 V 

VIH1 Input high voltage, XTAL 1, RST o to +70"C 0.7Vcc Vcc+0.5 V 
-40tot85"C 0.7Vcc+0.1 Vcc+0.5 V 

VIH2 Input high voltage, Pl.6/SCL, Pl.7/SDA5 3.0 6.0 V 

VOL Output low voltage, ports 1, 2, 3, IOL = 1.6mA1 0.45 V 
except Pl.61SCL, Pl.7/sDA 

Vou Output low voltage, port 0, ALE, PSEIil IOL= 3.2mA1 0.45 V 

VOL2 Output low voltage, P1.61SCL, Pl.7/sDA IOL =3.0mA1 0.4 V 

VOH Output high voltage, ports 1, 2, 32 10H =-601lA 2.4 V 
10H =-251lA 0.75Vce V 
IOH =-101lA 0.9Vcc V 

VOH1 Output high voltage, Port 0 in external bus mode, IOH = --W01lA 2.4 V 
ALE, PSElil, RST IOH =--,'ID01lA 0.75Vee V 

IOH =-601lA 0.9Vcc V 

IlL Logical 0 input current, ports 1, 2, 3, o to +70"C VIN =O.45V -.50 IlA 
except P1.61SCL, P1.7SDA -40tot85"C -75 IlA 

ITL Logicall-to-O transition current, ports 1, 2, 3, o to +70"C See Note 3 -650 IlA 
except Pl.61SCL, Pl.7/sDA -40tot85"C -750 IlA 

lu Input leakage current, port 0 VIN = VIL or VIH ±10 IlA 
1L2 Input leakage current, Pl.6/sCL, Pl.7/SDA OV<Vj<6V ±10 IlA 

OV < Vee < 5.5V 

Icc Power supply current: See Note 4 
Active mode @ l6MHz o to +70"C 25 rnA 

-40 to t85"C 35 rnA 
Idle mode@ l6MHz o to +70"C 5 rnA 

-40 to +85"C 6 rnA 
Power down mode 50 IlA 

RRST Internal reset pull-down resistor 50 300 lin 

CIO Pin capacitance 10 pF 

OO~ . 
1. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state (non-transient) conditions, IOL must 
be externally limited as follows: lOrnA per port pin, port 0 total (all bits) 26mA, ports 1, 2, and total each (all bits) 15mA. 

2. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSElil to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

3. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

4. See Figures 10 through 13 for Icc test conditions. 
5. The input threshold voltage of P1.6 and Pl. 7 (SI01) meets the 12C specificalion, so an input voltage below 1.5V will be recognized as a 

logic 0 while an input voltage above 3.0V will be recognized as a logic 1. 
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AC ELECTRICAL CHARACTERISTICS 
Taoo = O°C to +70°C or -40°C to +85°C Vcc = 5V +10"10 Vss = OV',2 -

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1/teLCL 1 Oscillator frequency: Speed Versions 
87C524 E 3.5 16 MHz 
87C524 G 3.5 20 MHz 

~HLL 1 ALE pulse width 85 2teLCL-40 ns 

tAVLL 1 Address valid to ALE low 8 teLCL-55 ns 

tLLAX 1 Address hold after ALE low 28 teLCL-.35 ns 

lLuv 1 ALE low to valid instruction in 150 4!cLcL-100 ns 

ILLPL 1 ALE low to P"SElIl" low 23 teLCL-40 ns 

tpLPH 1 "F'SEN pulse width 143 3teLCL-45 ns 

tpLiV 1 "F'SEN low to valid instruction in 83 3teLCL-l05 ns 

!PXIX 1 Input instruction hold after P"SElIl" 0 0 ns 

tPXIZ 1 Input instruction float after"F'SEN 38 tCLCL-25 ns 

tAVIV 1 Address to valid instruction in 208 5!cLCL-l05 ns 

!PLAZ 1 "F'SEN low to address float 10 10 ns 

Data Memory 

tRLRH 2,3 RlJ pulse width 275 6teLCL-l00 ns 

tWLWH 2,3 WR pulse width 275 6teLcL-l00 ns 

tRLOV 2,3 RlJ low to valid data in 148 5!cLCL-165 ns 

tRHOX 2,3 Data hoid after RlJ 0 0 ns 

tRHOZ 2,3 Data float after RlJ 55 2teLCL-70 ns 

tLLOV 2,3 ALE low to valid data in 350 8!cLCL-150 ns 

tAVDV 2,3 Address to valid data in 398 9!cLcL-165 ns 

ILLWL 2,3 ALE low to RlJ or WR low 138 238 3teLCL-50 3teLCL +50 ns 

tAVWL 2,3 Address valid to WR low or RlJ low 120 4!cLCl-130 ns 

tavwx 2,3 Data valid to WR transition 3 tCLCl-BO ns 

IWHOX 2,3 Data hold after WR 13 teLCL-50 ns 

tRLAZ 2,3 RlJ low 10 address float 0 0 ns 

IWHLH 2,3 RlJ or WR high to ALE high 23 103 tCLCl-40 teLCL+40 ns 

External Clock 

teHCX 6 High time 20 20 ns 

teLCX 6 Low time 20 20 ns 

lcLCH 6 Rise time 20 20 ns 

teHCL 6 Fall time 20 20 ns 

Shift Register 

tXLXL 4 Serial port clock cycle time 750 121cLcL ns 

taVXH 4 Output data setup to clock rising edge 492 1 OtcLCL-l33 ns 

IXHOX 4 Output data hold after clock rising edge B 21cLcL-117 ns 

tXHDX 4 Input data hold after clock rising edge 0 0 ns 

tXHDV 4 Clock rising edge to input data valid 492 10teLcl-133 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and P"SElIl" = 100pF, load capacitance for all other oUlputs = BOpF. 
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT I'C SPECIFICATION 

SCl Timing Characteristics 

lHo; STA START condition hold time <: 14lcLCL' Note 2 <:4.0!,s 

It.ow SCllOWtime <: 16lclCl Note 2 <:4.7!,s 

IHIGH SClHIGH time <: 14lcLCL' <: 80 IcLCL3 <: 4.0!," 

tRC SCl rise time ,; l!,s4 Note 5 ,; 1.0!,s 

IFc SCl fall time ';0.3!,S4 ,; 0.3!,S6 ';0.3!,s 

SOA Timing Characteristics 

Isu; DAT Data set -up time <: 250ns Note 2 <: 250ns 

lHo; DAT Data hold time <:Ons Note 2 <:Ons 

Isu; STA Repeated START set-up time <: 14 IcLCL' Note 2 <:4.7!,s 

Isu; STO STOP condition set-up time <: 14lcLCL' Note 2 <:4.0!,s 

tBUF Bus free time <: 14lcLCL' Note 2 <:4.7!,s 

tAD SDA rise time ,; l!,s4 Note 5 ,; 1.0!,s 

tFD SDA ialltime ';0.3!,S4 ,; 0.3!,S6 ';0.3!,s 
NOTES: 
1. At fClK = 3.5MHz, this evaluates to 14 x 286ns = 4!,s, i.e., the bit-level 12C interface can respond to the 12C protocol for fClK <: 3.5MHz. 
2. This parameter is determined by the user software, it has to comply with the 12C specification. 
3 This value gives the autoclock pulse length which meets the 12C specification for the specified XTAl clock frequency range. Alternatively, the 

SCl pulse may be timed by software. 
4. Spikes on SDA and SCl lines with a duration of less than 4 x fCLK will be filtered out. 
5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be ,; 1 !,S. 
6. The maximum capacitance on bus lines SDA and SCl is 400pF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timi ng symbol has five characters. The 
first character is always'r (= time). The other 
characters. depending on their positions. 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C- Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSEN 

ALE 

PORTO 

PORT 2 

ALE 

PSER 

a - Output data 
R - RO" signal 
I - Time 
V - Valid 
W- WRsignai 
X - No longer a valid logic level 
Z - Rcat 
Examples: tAVlL 

It.LPL 

Time for address valid 
to ALE low. 
Time for ALE low to 
PSENlow. 

Figure 1. Exlernal Program Memory Read Cycle 

lWHUi 

~-------I~Dv--------~·1 
I~Wl ---+l..------tRLRH -------./ 

~--------------r---------~ 

PORTO 

PORT 2 P2.G-i'2.7 OR AlI-A15 FROM DPH 

Figure 2. External Data Memory Read Cycle 
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~A7 

A8-A15 

AD-A7 FROM pel INSmlN 

AlI-A 15 FROM PCH 
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ALE 

IWHLH-

IUWL -----l~---IWLWH ------.I 
WR ____________ -+ ________ ~ 

IovwX 

PORTO DATA OUT 

PORT 2 P2.l>-P2.7 OR _,5 FROM DPH 

Figure 3. External Data Memory Write Cycle 

INSmUCTION 0 

ALE 

r- tXLXL -1 
CLOCK 

, OUTPUT DATA 

t 
WRITE TO SBUF 

INPUT DATA 

~' 
CLEAR RI 

SDA 
(INPUTIOUTPUn 

SCL 
(INPUTIOUTPUTj 

--+--+1'---'1 

'HD;STA 'Low 
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'HiGH 

Figure 4. Shift Register Mode TIming 

tSU;OAT1 'HD;DAT 

Figure 5. Timing 5101 (12C) Interface 
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vcc-as 

o.4SV 
D.7Vcc 

0.2VCC-o'l 

tcLCl 

Figure 6. External Clock Drive 

VLOAD----< 
Vcc-as ==x >C o.2VCC.o·9 

O.4SV .~o.=2:;V;::cc-'l~::..1:.... ___ ~ 

NOTE: NOTE: 

nMING 
REFERENCE 

POIKTS 

Product specification 

87C524 

VOl-Hl·1V 

N:; inputs during testing are driven at Vee -0.5 for a logic '1' and O.45V for a logic '0'. 
nning measurements are made at VIH min for a logic '" and VIL for a /oglc '0'. 

For timlF"G purposes, a port is no longer floaling when a l00mV change from load 
YOhage occurs, and begins to float when a 1 OOmV change from the loaded VQHf 
VOL level occurs.IOH/IoL~ ±2OmA. 

Figure 7. AC Testing Input/Output Figure 8. Float Waveform 

35 

/ 
MAX ACTIVE MODE 30 

25 

/ 
/ 

ICCmA 20 

10 

/ /' 

V '/ 
/ 

/ 

/ ~ V 

7? - _I-"" 

TYP AcnVE MODE 
15 

5 MAX IDLE MODE 

TYP IDLE MODE 

4MHz 8MHz 12MHz 16MHz 20MHz 
FREQ AT XTAl1 

Figure 9. Icc VS. FREQ 
Valid only within frequency specifICations of the device under test 
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VCC 
Vcc 

RST PO 

Ell" 

(NC) XTAl2 P1.6 

CLOCK SIGNAL XTAl1 P1.7 

1 
Vss 

Figure 10. Icc Test Condition, Active Mode 
All other pins are disconnected 

vcc-<J·5 
D.7VCC 

O.45V 

NOTE: 

o.2VCc-<J·1 

IcHCL 

Figure 12. Clock Signal Waveform for 
Icc Tests in Active and Idle Modes 

tCLCH = tcHCL = 5n s 
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vee 

vcc 
RST 

PO 

(NC) XTAl2 P1.6 

CLOCK SIGNAL XTAL1 P1.1 

Vss 

Figure 11. Icc Test Condition, Idle Mode 
All other pins are disconnected 

Vee 
RST 

Ell" 
PO 

(NC) XTAl2 Pl.6 

XTAL1 Pl.7 

Vss 

Figure 13. Icc Test Condition, Power Down Mode 
All other pins are disconnected. V cc = 2V to S.SV 

Ports 1.6 and 1.7 should be connected to Vce through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lou specification. 
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EPROM CHARACTERISTICS 
The 87C524 is programmed by using a 
modified Quick-Pulse ProgrammingT" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIPROG pulses. 

The 87C524 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C524 manufactured by Philips. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 

Quick·Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 14. Note that 
the 87C524 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEJi! and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEIPROG is pulsed low 25 times as shown 
in Figure 15. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the 'Pgm 

T"Trademark phrase of Intel Corporation. 
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Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bir levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the FJiJVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 , 2 and 3 as shown in 
Figure 16. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Program Lock Bits 
The 87C524 has 3 programmable lock bits 
that will provide different levels of protection 
for the on-chip code and data. (See Table 4.) 
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Erasing the EPROM also erases the 
encryption array and the program lock bits, 
returning the part to full functionality. 

Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 9DH indicates 87C524 

Program/Verify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
lSW-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an alii s state. 
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Table 3. EPROM Progamming Modes 
MODE RST PSEfl ALEiPROG mYpp P2.7 P2.6 P3.7 P3.6 

Read signature 1 0 1 1 0 0 0 0 

Program code data 1 0 O· Vpp 1 0 1 1 

Verify code data 1 0 1 1 0 0 1 1 

Pgm enCl)'ption table 1 0 O' Vpp 1 0 1 0 

Pgm lock bit 1 1 0 O· Vpp 1 1 1 1 

Pgm lock bit 2 1 0 O· Vpp 1 1 0 0 

Pgm lock bit 3 1 0 O' Vpp 0 1 0 1 

NOTES: 
1. '0' ~ Valid low for that pin, '1' ~ valid high for that pin. 
2. Vpp ~ 12.75V ±O.25V. 
3. Vee ~ 5V±10% during programming and verification. 

ALE/moo receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100f'S (± lOl1s) and high for a 
minimum of lOl1s. 

Table 4. 

PROGRAM LOCK BITS', 2 

LB1 LB2 LB3 PROTECTION DESCRIPTION 

1 U U U No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 

2 P U U MOVC instructions executed from external program memory are disabled from fetching code bytes 
from internal memory, EA is sampled and latched on Reset, and further programming of the EPROM 
is disabled. 

3 P P U Same as 2, also verify is disabled. 

4 P P P Same as 3, external execution is disabled. Internal data RAM is not accessable. 

NOTES: 
1. P - programmed. U - unprogrammed. 
2. Any other combination of the lock bits is not defined. 
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VCC 

AD-A7 PI PO PGMDATA 

RST tJrNpp +12.75V 

P3.6 ALEiPRllG 25 l00!", PULSES TO GROUND 

P3.7 87C524 PSER 

XTAL2 P2.7 

4-6MHz Pl.6 

XTAl1 P2.O-P2.5 A8-A13 

Vss P3.4 A14 

Figure 14. Programming Configuration 

~1'~-----------------------25PULSES --------------------------~~I 
...-----

ALEIl'ROlE 

I 

'---- 10,", MIN ---1 ,,1·~--------10'"'±10------;~>!1 

o Inn 
~---------------------~ ~------------------~ ~-----

ALEIl'ROlE 

Figure 15. PROG Waveform 

Vee 

AB-A7 PI PO PGM DATA 

RST E1iNpp 

P3.6 ALEiPRllG 

Pl.7 87C524 PSER 

XTAl2 P2,7 o ENJIB[E 

P2.6 

XTALl P2.B-P2.5 A8-A13 

Vss P3.' AI' 

Figure 16. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
T arm = 21°C to +27°C Vee = 5V±10% vss = OV (See Figure 17) 

SYMBOL 

Vpp 

Ipp 

lltcLCL 

tAVGL 

taw.x 

IovGL 

IGHDX 

IEHSH 

tSHGL 

IGHSL 

IGLGH 

IAvav 

IELOZ 

IEHOZ 

IGHGL 

P'.D-P'.7 
P2.0-P2.5 
P3.4 

PORTO 

ALEJPIIOO 

ElWpp 

PARAMETER 

Programming supply voltage 

Programming supply currenl 

Oscillator frequency 

Address selup to PROO low 

Address hold after PROO 

Data selup 10 PROO low 

Data hold after PROO 

P2.7 (EJ'tlffi[E) high to Vpp 

Vpp setup to PROO low 

Vpp hold after !'ROO 

PROOwidlh 

Address to data valid 

EfiIlIJ3[E low to data valid 

Data floal after EiIJi:B[E" 

PROO high 10 PROO low 

PROORAMMING* 

ADDRESS 

DATA IN 

IDYGl - I- -tAYGL ~ 

~-. " tGlGH ... :--
IsHGL f-oo 

/ 
V 

MIN 

12.5 

4 

48lcLCL 

4BtcLCL 

48lcLCL 

48lcLCL 

48lclCL 

10 

10 

90 

0 

10 

-
-- IGHDX 
~ IGHAX 

IGHGL 

tGHSL 

'" LOGIC. 

LOGIC 0 
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MAX UNIT 

13.0 V 

50 mA 

6 MHz 

J!S 

J!S 

110 J!S 

48lcLCL 

48lcLcL 

48lcLCL 

J!S 

VERIRCAnON* 

ADDRESS "-
/ 

-- IAYOY 

DATA OUT 

lOGIC. 

------------ ----------------------------- ----------- ------ ...... _---

P2.7 
ERXIJ[E 

January 7. 1993 

tEHSH ~LO~ 
'FOR PROGRAMMING VERIFICATION SEE FIGURE 14. I '1 
FOR VERIFICATION CONDITIONS SEE FIGURE 16. 

Figure 17. EPROM Programming and Verification 

Purchase of Philips' 12C components conveys a license under the 
PhilipS' 12C patent to use the components in the 12C-system 

IEHOZ 

provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The 8XC528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the BOC51 
microcontroller family. The 8XC528 has the 
same instruction set as the BOC51. Three 
versions of the derivative exist: 

• 83C528 - 32k bytes mask programmable 
ROM 

• 8OC528 - ROMless version of the B3C528 

• 87C528-32k bytes EPROM (described 
in a separate chapter) 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 

The 8XC528 contains a 32k X 8 ROM 

(B3C52B), a 512 x 8 RAM, four 8-bit I/O 
ports, two 16-bit timer/event counters 
(identical to the timers of the BOC51), a 16-bit 
timer (identical to the timer 2 of the BOC52), a 
watchdog timer with a separate oscillator, a 
multi-source, two-priority-Ievel, nested 
interrupt structure, two serial interfaces 
(UART and 12C-bus), and on-chip oscillator 
and timing circuits. 

In addition, the 8XC528 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

November 30, 1992 
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BUS 

FEATURES 
• 80C51 instruction set 

- 32k X 8 ROM (83C52B) 

- ROMless (80C528) 

-512X8RAM 

- Memory addressing capability 

64k ROM and 64k RAM 

- Three 16-bit counter/timers 

- On-chip watchdog timer with oscillator 

- Full duplex UART 

- 12C serial interface 

- Four 8-bitl/0 ports 

• Power control modes: 

- Idle mode 

- Power-down mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Extended temperature ranges 

• ROM code protection 

• 7-source and 7-vector interrupt structure 
with 2 priority levels 

• Up to 3 external interrupt request inputs 

• Two programmable power reduction modes 
(Idle and Power-down) 

• Termination of Idle mode by any interrupt, 
external or WDT (watchdog) reset 

• XTAL frequency range: 1.2 MHz to 16 MHz 
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PIN CONFIGURATIONS 

XTAL2 

XTAL1 

17 

44 

11 

12 

34 

22 

VDD 

PO.OIADO 

PO.1IAD1 

pO.21AD2 

pO.31AD3 

pO.4IAD4 

pO.51AD5 

pO.GlADS 

pO.71AD7 

ALE 

PSER 

P2.7/A15 

P2.GlA14 

P2.5IA13 

P2.41A12 

P2.31All 

P2.21A10 

P2.11A9 

P2.0IAS 

39 

29 

33 

23 

853-159005201 
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ORDERING INFORMATION 

PHIUPS PHIUPS NORTH AMERICA 
PART ORDER NUMBER PART ORDER 

PART MARKING NUMBER 

ROMless ROM ROMless ROM 
DrawIng TEMPERATURE·C RANGE FREQ 
Number AND PACKAGE MHz 

PBOC52BFBP PB3C52BFBP/xxx PBOC52BFBP N PB3C52BFBP N SOT129 o to +70, Plastic Dual In-line Package 16 

PBOC52BFBA PB3C52BFBAlxxx PBOC52BFBA A PB3C52BFBA A SOT187 o to +70, Plastic Leaded Chip Carrier 16 

PBOC52BFBB PB3C528FBBlxxx PBOC52BFBB B PB3C528FBB B SOT311 o to +70, Plastic Quad Rat Pack 16 

PBOC52BFFP PB3C52BFFP/xxx PBOC52BFFP N PB3C52BFFP N SOT129 -40 to +85, Plastic Dual In-line Package 16 

PBOC52BFFA PB3C528FFAlxxx PBOC52BFFA A PB3C52BFFA A SOT1B7 -40 to +B5, Plastic Leaded Chip Carrier 16 

PBOC52BFFB PB3C528FFBlxxx PBOC52BFFB B PB3C52BFFB B SOT311 -40 to +85, Plastic Quad Flat Pack 16 

PBOC52BFHP PB3C528FHP/xxx PBOC52BFHP N PB3C528FHP N SOT129 -40 to + 125, Plastic Dual In-line Package 16 

PBOC52BFHA PB3C52BFHAlxxx PBOC52BFHA A PB3C528FHA A SOT187 -40 to + 125, Plastic Leaded Chip Carrier 16 

PBOC52BFHB PB3C52BFHBlxxx PBOC52BFHB B PB3C52BFHB B SOT311 -40 to + 125, Plastic Quad Flat Pack 16 

NOTE: 
1. xxx denotes the ROM code number. 
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EPROM 
Drawing TEMPERATURE oc RANGE FREQ 
Number AND PACKAGE MHz 

P87C528EBP N 0415C o to +70, Plastic Dual In-line Package 16 

P87C528EBF FA O590B 
o to +70, Ceramic Dualln-line Package 

16 wlWindow 

P87C528EBA AA 0403G o to +70, Plastic Leaded Chip Carrier 16 

P87C528EBL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 

16 wlWindow 

P87C528EBB B 8OT311 o to +70, Plastic Quad Flat Pack 16 

P87C528EFP N 0415C --40 to +85, Plastic Dualln-line Package 16 

P87C528EFF FA O590B 
-40 to +85, Ceramic Dual In-line Package 

16 wlWindow 

P87C528EFF FA 0403G --40 to +85, Plastic Leaded Chip Carrier 16 

P87C528EFL KA 1472A 
--40 to +85, Ceramic Leaded Chip Carrier 

16 wlWindow 

P87C528EFB B 8OT311 -40 to +85, Plastic Quad Flat Pack 16 

PB7C528GBP N 0415C o to +70, Plastic Dual In-line Package 20 

P87C528GBF FA 0590B 
o to +70, Ceramic Dual In-line Package 

20 w/Window 

P87C528GBA A 0403G o to +70, Plastic Leaded Chip Carrier 20 

P87C528GBL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 

20 wlWindow 

PB7C52GFPN 0415C -40 to +85, Plastic Dual In-line Package 20 

P87C52GFF FA 0590B 
o to +70, Ceramic Dual In-line Package 

20 w/Window 

P87C52GFAA 0403G o to +70, Plastic Leaded Chip Carrier 20 

P87C52GFL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 

20 wlWindow 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

n n n 
7[ 

0 :::J 3. 

PlCC 

17[ :::J 2. 

~ U 
29 

Pin Function Pin Function 

1 NC 23 NC 

2 P1.0!T2 24 P2.0/A8 

3 Pl.11T2EX 25 P2.lIA9 

4 P1.2 26 P2.2JA10 

S Pl.3 27 P2.31Al1 

6 P1.4 28 P2.4/A12 

7 Pl.S 29 P2.51A13 

8 Pl.6/SCL 30 P2.61A14 

9 Pl.7/SDA 31 P2.7/A15 

10 RST 32 !'SEN 

" P3.01RxD 33 ALE 

12 NC 34 NC 

13 P3.1/TxD 35 Eli 
14 P3.2IINl1l 36 PO.7/AD? 

15 P3.311111T 37 PO.G/ADS 

16 P3.4/TO 38 PO.51A05 

17 P3.5iTl 39 PO.4/AD4 

18 P3.6iWf1 40 PO.3JAD3 

19 P3.711ID 41 PO.21A02 

20 XTAL2 42 PO.lIA01 

21 XTAL1 43 PO.D/ADO 

22 Vss 44 VOO 

LOGIC SYMBOL 

Voo 

30,1992 

PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

44 

R 
1= a 

POFP 

11= 

H 
12 

Pin Function 

1 PL5 

2 Pl.61SCL 

3 Pl.7fSDA 

4 RST 

5 P3J)'RxD 

6 NC 

7 P3.1/TxD 

8 P3.2IfI\JTO 

9 P3.3'1I'ITT 

10 P3.4/T0 

11 P3.5iT1 

12 P3.&WR 

13 P3.7lID 

14 XTAL2 

15 XTALl 
16 VSS 

17 NC 

18 P2.O'AB 

19 P2.1/A9 

20 P2.21A10 

21 P2.31Al1 
22 P2.41A12 

Vss 

g~~g~AOORESS AND 
~ ~~ DATA BUS 
_0.._ 
- -- -
rr~

T2 i -T2EX 

SCl 
SOA 

Pin 

23 

24 

25 

26 

27 

2B 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

rr~~~oo' 

662 

R 
1'=33 

~23 

H 
22 

Function 

P2.5JA13 

P2.6/A14 

P2.7/A15 

!'SEN 
ALE 

NC 

Eli 
PO.l/AD7 

PO.61AD6 

PO.5/AOS 

POA/AD< 

PO.3/A03 

PO.2fAD2 

PO.l/AD1 

PO.OIADO 

VOD 

NC 

Pl.0iT2 

Pl.11T2EX 

Pl.2 

Pl.3 

P1.4 
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BLOCK DIAGRAM 

I 

FREQUENCY 
REFERENCE , 

XTAL2 XTAU 

CPU 

INTERNAL 
INTERRUPTS 

,1mU, 1NTf, 

EXTERNAL 
INTERRUPTS 

November 30,1992 

CONTROL PARALLEL PORTS, 
ADDRESS/DATA BUS 

AND 110 PINS 

663 

COUNTERS 

.---'---1 
111 T1 

SHARED WiTH 
PORTa 
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PIN DESCRIPTION 
PIN NO. 

MNEMONIC DIP LCC aFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: circuit ground potential. 
VDD 40 44 38 I Power Supply: +5V power supply pin during normal operation, Idle mode and Power-down 

mode. 

PO.O-O.7 39-32 43-36 37-30 1/0 Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have Is written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. 

P1.O-Pl.7 1-8 2-9 40-44 110 Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups, except Pl.6 and Pl.7 
1-3 which have open drain. Port 1 pins that have 1 s written to them are pulled high by the 

internal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the internal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 can sink/source one TTL (4 LSTIL) inputs. 

1 2 40 I T2 (Pl.0): limer/counter 2 external count input (following edge triggered). 
2 3 41 I T2EX (Pl.l): TImer/counter 2 trigger input. 
7 8 2 110 SCL (Pl.6): I'C serial port clock line. 
8 9 3 110 SDA (Pl.7): 12C serial port data line. 

P2.O-P2.7 21-28 24-31 18--25 110 PorI 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the intemal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX@DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 II, 5, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have Is 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 
SC80C51 family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.l): Serial output port 
12 14 8 I IN1ll (P3.2): External interrupt 
13 15 9 I INTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): limer a external input 
15 17 11 I Tl (P3.5): limer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 RU (P3. 7): External data memory read strobe 

RST 9 10 4 110 Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to VDD. After a watchdog timer overflow, this pin is pulled high while the intemal 
reset signal is active. 

ALE 30 33 27 110 Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate 011/6 the 
oscillator frequency, and can be used for external timing or clocking. Note thaI one ALE 
pulse is skipped during each access to external data memory. 

PSEN 29 32 26 0 Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA 31 35 29 I External Access Enable: EA must be externally held low during RESET to enable the 
device to fetch code from external program memory locations OOOOH to 7FFFH. If EA is held 
high during RESET, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. EA is don't care after RESET. 

XTAL1 19 21 15 I erystall: Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. Internal and External Program Memory Access with Security Bit Set 

INSTRUCTION 

MOVC in internal program memory 

MOVC in external program memory 

ROM CODE PROTECTION 
By setting a mask programmable security bit, 
the ROM content in the 83C528 is protected, 
i.e., it cannot be read out by any test mode or 
by any instruction in the external program 
memory space. The MOVC instructions are 
the only ones which have access to program 
code in the internal or external program 
memory. The EA input is latched during 
RESET and is 'don't care' after RES ET (also 
if security bit is not set). This implementation 
prevents reading from internal program code 
by switching from external program memory 
to internal program memory during MOVC 
instruction or an instruction that handles 
immediate data. Table 1 lists the access to 
the internal and external program memory by 
the MOVC instructions when the security bit 
has been set to logical one. If the security bit 
has been set to a logical 0 there are no 
restrictions for the MOVC instructions. 

INTERNAL DATA MEMORY 
The internal data memory is divided into three 
physically separated segments: 256 bytes of 
RAM, 256 bytes 01 AUX-RAM, and a 128 
bytes special function area. These can be 
addressed each in a different way. 
- RAM 0 to 127 can be addressed directly 

and indirectly as in the SOCS1. Address 
pointers are RO and R 1 of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are RO and R 1 of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, Rl 01 the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 

An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO and Rl as address pointer. 
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ACCESS TO INTERNAL 
PROGRAM MEMORY 

YES 

NO 

TIMER 2 
Timer 2 is func~onally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1, it 
can operate either as a timer or as an event 
counter. This is selected by bit CfT2N in the 
special function register T2CON. It has three 
operating modes: caplure, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 
The watchdog timer consists of an ll-bit 
prescaler and an a-bit timer formed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1 MHz. The maximum 
tolerance on this frequency is -50% and 
+ 100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 

reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated at 
pin RST The intemal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 

The watchdog timer is controlled by one 
special function register WDCON with the 
direct address location ASH. WDCON can be 
read and written by software. A value of A5H 
in WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains A5H. 
Every value other than A5H in WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. limer T3 
can only be written if WOCON contains the 
value SAH. A successful write opera~on to 
T3 will clear the prescaler and WDCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 
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ACCESS TO EXTERNAL 
PROGRAM MEMORY 

YES 

YES 

program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler is cleared by 
hardware. 

Watchdog timer interval ~ 

[256-(T3)] X 204S 

on - chip oscillator frequency 

BIT-LEVEL 12C INTERFACE 
This bit-level serial 110 interface supports the 
12C-bus. Pl.6/SCL and Pl.7/SDA are the 
serial 1/0 pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-bus are 
supported: 
- master Iransmitter 

- master receiver 
- slave transmitter 

- slave receiver 

The advantages of the bit-level12C hardware 
compared with a full software 12C 
implementation are: 
- the hardware can generate the SCl pulse 

- Testing a single bit (RBF respectively, 
WBF) is sufficient as a check for error free 
transmission. 

The bit-level 12C hardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 

signals 

- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the SCl 
line 

- latching a serial bit on the SOA line (SDI) 

- stretching the SCl LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCl clock pulse has finished and Write Bit 
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Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 

- setting a serial clock Low-to-High detected 
(CLH) flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 

- generating an automatic clock if the single 
bit data register SI BIT is used in master 
mode. 

The following functions must be done in 
software: 
- handling the 12C START interrupts 

- converting serial to parallel data when 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the 12C status if RBF or WBF = O. 

Additionally, if acting as master: 
- generating START and STOP conditions 

- handling bus arbitration 

- generating serial clock pulses if SIBIT is 
not used. 

Three SFRs control the bit-level12C interface: 
SIINT, SI BIT and SISCS. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 

is left unconnected There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseoonds) plus two machine cycles. At 
power-up, the voltage on VOD and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU oontents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 

Table 2. External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE PSEN PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 
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a RESET in the same way as in the 8OC51 or 
in addition by one of two external interrupts, 
INTO or INTI. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt iNTll" or 1NTT 
must be switched to level-sensitive and must 
be enabled. The extemal interrupt input 
signaliNTll" and 1NTT must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puis 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of 1/0 ports during 
low current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

o to +70, or 
Operating temperature under bias -40 to +85, or 

-40 to +125 
°c 

Storage temperature range -65 to +150 °c 

Voltage on any other pin to Vss --{l.5 to Voo +0.5 V 

Input, output current on any two pins ±10 rnA 

Power dissipation 1.0 W 
(based on package heat transfer limitations, not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

DC ELECTRICAL CHARACTERISTICS 
T.rrb = DOC to +70oC (Voo = 5V ±20%), -400 C to +85°C (Voo = 5V ±20%), or-400C to + 125°C (Voo = 5V ±10%), Vss=OV 

TEST LIMITS 

SYMBOL PARAMETER PART TYPE CONDITIONS MIN MAX UNIT 

V'L Input low voltage, DoC to 70°C --{l.5 0.2Voo--{l·1 V 
except EA, P1.6/SCL, Pl.7/SDA -40oC to +8SoC --{l.S 0.2Vo~·15 V 

-40oC to + 12SoC 
--{l.5 0.2Vo~·25 V 

V'll Input low voltage to EA DoC to 70°C --{l.5 02Vo~3 V 

-40°C to +85°C --{l.5 0.2Vo~·35 V 

-40oC to + 125°C 
--{l.5 0.2Vo~·45 V 

V'L2 Input low voltage to Pl.6/SCL, Pl.7/SDA3 --{l.5 0.3VDD V 

V'H Input high voltage, DoC to 70°C 0.2Voo+0.9 VDD+O.5 V 
except XTAl1, RST, P1.6ISCL, Pl.7/SDA -40°C to +B5°C 0.2VOD+l.0 VOD+D·5 V 

-40oC to + 125°C 
0.2Voo+l.0 VoD+O.5 V 

V'HI Input high voltage, XTAL 1, RST OoC to 70°C 0.7VOD Voo+0.5 V 

-40oC to +B5°C O.7Voo+O.l VDD+0.5 V 

-40oC to + 125°C 
0.7VDO+0.l VDD+0.5 V 

V'H2 Input high voltage, Pl.6/SCL, P1.7/SDA3 0.7Voo 6.0 V 

VOL Output low voltage, ports I, 2, 3, except 
Pl.6/SCL, Pl.7/SDA' 

IOL = 1.6mA4 0.45 V 

Vall Output low voltage, port 0, ALE, PSElII' 10L = 3.2mA4 0.45 V 

VOL2 Output low voltage, P1.6/SCL, Pl.7/SDA IOL = 3.0mA' 0.4 V 

VOH Output high voltage, ports I, 2, 3 VOD = 5V ±10%, 
IOH = -60pA 2.4 V 

IOH = -25pA 0.75Voo V 
IOH = -10pA 0.9VDO V 

VOH1 Output high volta~e, Port 0 in external bus mode, VDo=5V±10%, 
ALE, PSElII, RS IOH =-800~A 2.4 V 

IOH =-300~A 
0.75Voo V 

IOH = -80pA 0.9Voo V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Tamb = oOC to +70oC (Voo = 5V ±20%), --40oC to +85°C (Voo = 5V ±20%), or--40°C to + 125°C (VOO = 5V ±10%), Vss=OV 

TEST LIMITS 

SYMBOL PARAMETER PART TYPE CONDITIONS MIN MAX UNIT 

I,L logical 0 input current, ports 1, 2, 3, OOC to 70°C Y,N =O.45V -50 ,.A 
except Pl.6ISCl, Pl.7/SDA --40oC to +85°C -75 ,.A 

--40oC to + 125°C 
-75 ,.A 

ITL logical l-to-O transition current, ports 1, 2, 3, OOC to 70°C See note 5 --tl50 ,.A 
except P1.6ISCl, Pl.7/SDA --40oC to +85°C -750 ,.A 

--40°C to + 125°C 
-750 ,.A 

I'll Input leakage current, port 0, Ell: 0.45<Vi<Voo ±10 ,.A 

I'L2 Input leakage current, Pl.6/SCl, Pl. 7/SDA OV<Vi<6.0V ±10 ,.A 
OV<Voo<6.0V ,.A 

IOD Power supply current: See notes 6, 7 
Activernode 35 rnA 
Idle mode 6 rnA 
Power down mode 100 ,.A 
Power down mode --40°C to + 125°C 150 ,.A 

RRST Internal reset pull-down resistor 50 150 kQ 

C,O Capacitance of I/O buffer Freq.=lMHz 10 pF 
Tamb = 25°C 

NOTES: 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the lOW level ouput voltage of ALE, Port 1 

and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-10-0 transition 
during bus operations. In the worst cases (capacitive loading> 100pF), the noise pulse on the ALE line may exceed 0.8Y In such cases it 
may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

2. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and !'SEN to momentarily fall below the O.9Voo 
specification when the address bits are stabilizing. 

3. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12C specification, so a voltage below 0.3Voo will be recognized as a logic 0 
while an input above O.7Voo will be recognized as a logic 1. 

4. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 
Maximum IOL per port pin: 10mA 
Maximum IOL per 8-bit port: -

PortO: 
Ports 1, 2, & 3: 

Maximum total IOL for all output pins: 

26mA 
15mA 
71mA 

If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

5. Pins of ports 1, 2, and 3 source a transition current when they are being externally driven from 1 to o. The transition current reaches its 
maximum value when Y,N is approximately 2V. 

6. See Figures 9 through 12 for 100 test conditions. 
7. looMAx at other frequencies can be derived from the figure below, where FREQ is the external oscillator frequency in MHz. 

IODMAX is given in mAo 
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AC ELECTRICAL CHARACTERISTICS1, 2 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/tCLCL 1 Oscillator frequency 1.2 16 MHz 

It.HLL 1 ALE pulse width 85 21cLcL-40 ns 

tAVLL 1 Address valid to ALE low 8 tCLCL--55 ns 

tLLAX 1 Address hold after ALE low 28 tCLCL-.35 ns 

tLLlV 1 ALE low to valid instruction in 150 41cLcL-l00 ns 

tLLPL 1 ALE low to l'SElIIlow 23 teLcL-40 ns 

tPLPH 1 l'SElII pulse width 143 31cLcL-45 ns 

Ipuv 1 PSEN low to valid instruction in 83 31cLcL-l05 ns 

tPXIX 1 Input instruction hold after PSEf\1 0 0 ns 

tpXIZ 1 Input instruction float after l'SElII 38 tCLCL-25 ns 

tAVN 1 Address to valid instruction in 208 5teLCL-l05 ns 

tpLAZ 1 PSEN low to address float 10 10 ns 

Data Memory 

tRLRH 2,3 RU pulse width 275 61cLcL-l00 ns 

tWLWH 2,3 WR pulse width 275 6teLCL-l00 ns 

tRLDV 2,3 RU low to valid data in 148 5teLCL-165 ns 

tRHDX 2,3 Data hold after RU 0 0 ns 

tRHDZ 2,3 Data float after RU 55 21cLcL-70 ns 

tLlDZ 2,3 ALE low to valid data in 350 8teLcL-150 ns 

tAvDV 2,3 Address to valid data in 398 9teLCL-165 ns 

lcLWL 2,3 ALE low to RU or WR low 138 238 3teLCL-50 3lcLcL +50 ns 

tAvwL 2,3 Address valid to WR low or FID low 120 4teLCL-130 ns 

tavwx 2,3 Data valid to WR transition 3 tCLcL~O ns 

tWHOX 2,3 Data hold after WR 13 IcLCL --50 ns 

tRLAZ 2,3 RU low to address float 0 0 ns 

tWHLH 2,3 RU or WR high to ALE high 23 103 tCLCL-40 teLCL +40 ns 

External Clock 

teHCX 6 High time 20 20 ns 

teLCX 6 Low time 20 20 ns 

tcLCH 6 Rise time 20 20 ns 

teHCl 6 Fall time 20 20 ns 

Shift Register 

tXlXL 4 Serial port dock cycle time 750 12tcLCL ns 

taVXH 4 Output data setup to dock rising edge 492 IOtcLCL-133 ns 

tXHOX 4 Output data hold after clock rising edge 8 21cLcL-117 ns 

tXHDX 4 Input data hold after clock rising edge 0 0 ns 

tXHDV 4 Clock rising edge to input data valid 492 1 OIcLCL -133 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and l'SElII ~ 1 OOpF, load capacitance for all other outputs ~ 80pF. 

November 30, 1992 670 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C528/83C528 

AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT FC SPECIFICATION 

SCl TIMING CHARACTERISTICS 

lHo; STA START condition hold time ~ 14lclCl1 Note 2 ~4.0J>S 

tLOw SCllOWtime ~ 16lcLcl Note 2 ~ 4.7~s 

IHIGH SClHIGH time ~ 14lclCl1 ~80 IclCl3 ~4.0J>S 

tRC SClrise time :,; I~S4 Note 5 :,; 1.0~s 

tFC SCl fall time :,; 0.3~S4 :,; 0.3~s 6 :';0.3~s 

SOA TIMING CHARACTERISTICS 

Isu; DATI Data set-up time ~ 250ns Note 2 ~ 250ns 

tHO; DAT Data hold time ~Ons Note 2 ~Ons 

Isu; STA Repeated START set-up time ~ 14lclCl 1 Note 2 ~4.hs 

Isu; STO STOP condition set-up time ~ 14lclCl1 Note 2 ~4.0~s 

tBUF Bus free time ~ 14lclCl1 Note 2 ~4.7~s 

tRD SDA rise time :,; l~s4 Note 5 :,; 1.0~s 

tFO SDA fall time :,; 0.3~S4 :,; 0.3~s 6 :';0.3~s 

NOTES: 
1. At fClK = 3.5MHz, this evaluates to 14 X 286ns = 4~s, i.e., the bit-level 12C interface can respond to the 12C protocol for fClK ~ 3.5MHz. 
2. This parameter is determined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meets the 12(; specification for the specified XTAl clock frequency range. Alternatively, the 

SCl pulse may be timed by software. 
4. Spikes on SDA and SCl lines with a duration of less than 4 X fClK will be filtered out. 
5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be:'; l~s. 
6. The maximum capacitance on bus lines SDA and SCl is 400pF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 'r (; time). The otiher 
characters, depending on their positions, 
indicate the name of a signal or tihe logical 
status of tihat signal. The designations are: 
A- Address 
C- Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - I'SE1iI 

ALE 

PORTO 

PORT 2 

ALE 

Q- Output data 
R - lID signal 
t - lime 
V - Valid 
w- WR" signal 
X - No longer a valid logic level 
Z - Float 
Examples: I.4VLL 

It.LPL 

lime for address valid 
to ALE low. 
lime for ALE low to 
"PSrnlow. 

Figure 1. External Program Memory Read Cycle 

tWHLH 

1------tLLDV -----l.~1 
tU.WL ----,....---tRLRH ----+I 

PORTO 

PORT 2 P2.G-P2.1 OR A8-A15 FROM DPH 

Figure 2. External Data Memory Read Cycle 
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AG-A1 

A8-A15 

AG-A1 FROM PCL INSTRIN 

A8-A15 FROM PCH 
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ALE '\ V 

-tWHLH-

-<--tllWl tWLWH 

WR 

tAVLl 
tLLAX 

4---00 tovwx -->0 .- tWHQX 

PORTO ~ AG-A7 

>< FROM RI OR DPl DATA OUT >( AO-A 7 FROM pel INSTRIN 

;+----- tAVWl ---

PORT 2 )< P2.0-P2.7 OR AS-AI 5 FROM DPF AS-A 1 5 FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

CLOCK 

OUTPUT DATA -----T"---_4__. ~----,. r-----,. r-----,. ~----,. r-----,. r-----,. ,-----. 
f 

WRITE TO SBUF 

INPUT DATA 

~' 
CLEAR RI 

SDA 
(INPUT/OUTPUT] 

sel 
(INPUT/OUTPUT] 

--+--!+----'I 

tHD;STA tLOW 
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tHIGH tSU;DAT1 lHD;DAT tSU;DAT2 

Figure 5. Timing SI01 (12C) Interface 
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VOo-O·S - - - - V. O·7VDD 
O.4SV O.2VOO-o'1 

- pHC~ 1'-
IcHCL ---- -tCLC~ IcLCH 

----- tCLCL --------.. 

Figure 6. External Clock Drive 

VOO-O·S =x >C O.2VOO""·" 

O.4SV"":: .o.::.2V:..!o!!o-O~ . ..:.' ____ _ 

VLOAO+C·1V 

VLOAO-----< 
nMING 

REFERENCE 
POINTS 

VofJ-ll·1V 

VOL+O·1V 

NOTE: 
AC inputs during testing are driven at VDO -0.5 for a logic '1' and O.45V for a logic '0'. 

Timing measurements are made at VIH min for a logic '1' and V1L for a logic '0'. 

Figure 7. AC Testing Input/Output 
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NOTE: 
For timing purposes, a port is no longer floating when a 100mV change from load 
voltage occurs, and begins to float when a 100mV change from tho loaded VOH' 

VOllevsl occurs. IOH/IoL ~ ± 20rnA. 

Figure 8. Float Waveform 
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VOD 

VDD 
Voo 

RST 
PO 

Vi 

(NC) PI.6 

CLOCK SIGNAL Pl.7 

Vss 

Figure 9. 100 Test Condition, Active Mode 
All other pins are disconnected 

VDo-O·5 ~ ~ ~ - ~O-.7:-:-VD-D""'" 

NOTE: 

O.4SV O.2VOo-O.l ''----'' 

Figure 11. Clock Signal Waveform for 
IDD Tests in Active and Idle Modes 

tCLCH = IcHCL = 5ns 
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Voo 

VOD 
RST 

PO 

(NC) XTAl2 PI.6 

CLOCK SIGNAL XTALl Pt.7 

VSS 

Figure 10. 100 Test Condition, Idle Mode 
All other pins are disconnected 

RST 

Ell: 
PO 

(NC) XTAl2 Pl.6 

XTALl P1.7 

Vss 

Figure 12. 100 Test Condition, Power Down Mode 
All other pins are disconnected. VDO = 2V to 5.SV 

Ports 1.6 and 1.6 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lou specifications. 

~ ..•. ; .•..•. § .•...••. '(.~ .••.•.•.•.•.•.. Y.'.' .. - Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The 87C528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 8OC51 
microcontrollerfamily. The 87C528 has the 
same instruction set as the 8OC51. Three 
versions of the derivative exist: 

• 83C528 - 32k bytes mask programmable 
ROM 

• 80C528 - ROMless version of the 83C528 

• 87C528 - 32k bytes EPROM 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 

The 87C528 contains a 32k X 8 EPROM, a 

512 X 8 RAM, four 8-bitl/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a 16-bit timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-Ievel, nested interrupt structure, 
two serial interfaces (UART and 12C-bus), 
and on-chip oscillator and timing circuits. 

In addition, the 87C528 has two software 
selectable modes of power reduction - idle 
mode and power-oown mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

January 7,1993 

FEATURES 
• 80C51 instruction set 

- 32k X 8 EPROM 

-512X8RAM 

- Memory addressing capability 

64k ROM and 64k RAM 

- Three 16-bit counter/timers 

- On-chip watchdog timer with oscillator 

- Full duplex UART 

- 12C serial interface 

• Power control modes: 

- Idle mode 

- Power-down mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Extended temperature ranges 

• EPROM code protection 

• OTP package available 

• Two speed ranges at Vce ~ 5V 

- 16MHz 

- 20MHz 
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PIN CONFIGURATIONS 

VDD 

PO.OIADO 

PO.l/ADl 

PO.21AD2 

PO.3IAD3 

PO.4fAD4 

PO.5/ADS 

PO.61AD6 

PO.7/AD1 

EX 

TxD/P3.1 ALE 

INT!JIP3.2 PSER 

IRTTfP3.3 P2.7/A15 

TO/P3.4 P2.61AI4 

T1/P3.5 P2.S/A13 

WRIP3.6 P2.41A12 

P2.31A11 

XTA1.2 P2.2/Al0 

XTAl1 P2.1/A9 

vss P2.0/AB 

40 

39 

17 29 

18 28 

44 34 

33 

11 23 

12 22 

853-168708658 
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CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK 
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS 

~ ~ ~ 
44 34 

7[/ 
0 pas 33 

LCC 

17[ P29 
11 23 

U ;; 18 12 22 

Pin Function Pin Function Pin Funcllon Pin Function 

1 NC 23 NC 1 P1.5 23 P2.5IA13 

P1.0iT2 24 P2.OJAS P1.6ISCL 24 P2.6IA14 

P1.1IT2EX 25 P2.lIA9 P1.7/SDA 25 P2.7/A15 

4 P1.2 26 P2.21A10 4 RST 26 PSER 
5 P1.3 27 P2.31A11 5 P3.QlRxD 27 ALE 

PH 28 P2.41A12 NC 28 NC 

P1.5 29 P2.51A13 P3.11TxD 29 Ell 

P1.6ISCL 30 P2.6.IA14 8 P3.2IIfrnl 30 PO.1IAD7 

9 P1.7iSDA 31 P2.7/A15 9 P3.3I1fITT 31 PO.6IAD6 

10 RST 32 PSER 10 P3.4iT0 32 PO.5IADS 

11 P3.OIRxD 33 ALE 11 P3.5iT1 33 PO.41AD4 

12 NC 34 NC 12 P3.&WR 34 PO.31AD3 

13 P3.11TxD 35 Ell 13 P3.1RU 35 PO.21AD2 

14 P3.2IIfrnl 36 PO.7/AD7 14 XTAL2 36 PO.1IAD1 

15 P3.3ilNTT 37 PO.6IADS 15 XTAL1 37 PO.OJADO 

16 P3.4ITD 38 PO.5IAD5 16 VSS 39 VDD 
17 P3.5iT1 39 PO.4/AD4 17 NC 39 NC 
1. P3.&WR 40 PO.31AD3 18 P2.D'A8 40 P1.0IT2 

19 P3.71RD 41 PO.21AD2 19 P2.1/A9 41 P1.1IT2EX 
20 XTAL2 42 PO.lIAD1 20 P2.21A10 42 P1.2 
21 XTAL1 43 PO.OIADO 21 P2.31A11 43 P1.3 
22 VSS 44 VDD 22 P2.41A12 44 PH 

LOGIC SYMBOL 

Voo Vss 

~ 
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ORDERING INFORMATION 
PHILIPS PHILIPS NORTH AMERICA 

PART ORDER NUMBER PART ORDER 
PART MARKING NUMBER 

ROM ROMless ROM 
Drawing TEMPERATURE"C RANGE FREQ 

ROMless Number AND PACKAGE MHz 

P80C528FBP P83C528FBP/xxx P80C528FBP N P83C528FBP N SOTl29 o to +70, Plastic Dual In-line Package 16 

PBOC528FBA P83C528FBAlxxx P80C528FBA A P83C528FBA A SOT187 o to +70, Plastic Leaded Chip Carrier 16 

P80C528FBB P83C528FBBlxxx P80C528FBB B P83C528FBB B SOT311 o to +70, Plastic Quad Flat Pack 16 

P80C528FFP P83C528FFP/xxx P80C52BFFP N P83C528FFP N SOTl29 -40 to +85, Plastic Dual In-line Package 16 

P80C528FFA P83C528FFAlxxx P80C528FFA A P83C528FFA A SOT187 -40 to +85, Plastic Leaded Chip Carrier 16 

P80C528FFB P83C528FFB/xxx P80C528FFB B P83C528FFB B SOT311 -40 to +85, Plastic Quad Flat Pack 16 

P80C528FHP P83C528FHP/xxx P80C528FHP N P83C528FHP N SOTl29 -40 to + 125, Plastic Dual In-line Package 16 

P80C528FHA P83C528FHAlxxx P80C528FHA A P83C528FHA A SOT187 -40 to + 125, Plastic Leaded Chip Carrier 16 

P80C528FHB P83C528FHBlxxx P80C528FHB B P83C528FHB B SOT311 -40 to + 125, Plastic Quad Flat Pack 16 

NOTE: 
1. xxx denotes the ROM code number. 
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EPROM Drawing TEMPERATURE·C RANGE FREQ 
Number AND PACKAGE MHz 

P87C528EBP N 0415C o to +70, Plastic Dual In-line Package 16 

P87C528EBF FA 0590B 
o to +70, Ceramic Dual In-line Package 

16 wlWindow 

P87C528EBA AA 0403G o to +70, Plastic Leaded Chip Carrier 16 

P87C528EBL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 16 wlWindow 

P87C528EBB B SOT311 o to +70, Plastic Quad Flat Pack 16 

P87C528EFP N 0415C -40 to +85, Plastic Dual In-line Package 16 

P87C528EFF FA 0590B 
-40 to +85, Ceramic Dual In-line Package 

16 w/Window 

P87C528EFF FA 0403G -40 to +85, Plastic Leaded Chip Carrier 16 

P87C528EFL KA 1472A 
-40 to +85, Ceramic Leaded Chip Carrier 

16 w/Window 

P87C528EFB B SOT311 -40 to +85, Plastic Quad Flat Pack 16 

PB7C528GBP N 0415C o to +70, Plastic Dual In-line Package 20 

PB7C52BGBF FA 0590B 
o to + 70, Ceramic Dual In-line Package 

20 w/Window 

PB7C528GBA A 0403G o to +70, Plastic Leaded Chip Carrier 20 

PB7C528GBL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 

20 wfWindow 

PB7C52GFP N 0415C -40 to +85, Plastic Dual In-line Package 20 

PB7C52GFF FA 0590B 
o to +70, Ceramic Dual In-line Package 

20 wfWindow 

P87C52GFAA 0403G o to +70, Plastic Leaded Chip Carrier 20 

PB7C52GFL KA 1472A 
o to +70, Ceramic Leaded Chip Carrier 

20 wfWindow 
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BLOCK DIAGRAM 
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CONTROL PARALLEL PORTS. 
ADDRESSJDATA BUS 

AND 110 PINS 

680 

COUNTERS 

r--'-----1 
TO 11 

SHARED WITH 
PORT 3 
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PIN DESCRIPTION 
PIN NO. 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: circuit ground potential. 
VDD 40 44 38 I Power Supply: +5V power supply pin during normal operation, Idle mode and Power-down 

mode. 

PO.O--O.7 39-32 43--36 37-30 1/0 Port 0: PortO is an open-drain, bidirectional 1/0 port PortO pins that have ls written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and dam bus during accesses to external program and data memory In this 
application, it uses strong internal pull-ups when emitting 1 s. 

P1.O-Pl.7 1-8 2-9 40-44 1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.6 and Pl.7 
1-3 which have open drain. Port 1 pins that have 1 s written to them are pulled high by the 

intemal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the intemal pull-ups. (See DC Electrical Characteristics: 
IILl. Port 1 can sink/source one TTL (4 LSTTL) inputs. Port 1 receives the low-order address 
byte during program memory verification. Port 1 also serves alternate functions for timer 2: 

1 2 40 I T2 (Pl.D): Timer/counter 2 external count input (following edge triggered). 
2 3 41 I T2EX (Pl.l): Timerlcounter 2 trigger input. 
7 8 2 1/0 SCL (P1.6): 12(; serial port clock line. 
8 9 3 1/0 SDA (Pl.7): 12C serial port data line. 

P2.O-P2.7 21-28 24-31 18--25 1/0 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX@DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 11, 5, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the 
SCOOC51 family, as listed below: 

10 11 5 I RxD (P3.D): Serial input port 
11 13 7 0 TxD (P3.l): Serial output port 
12 14 8 I INTO" (P3.2): External interrupt 
13 15 9 I mTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): Timer 0 external input 
15 17 11 I T1 (P3.5): Timer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 JlU (P3.7): External data memory read strobe 

RST 9 10 4 1/0 Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to VDD. After a watchdog timer overflow, this pin is pulled high while the internal 
reset signal is active. 

ALE 30 33 27 110 Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to external data memory. 

PSEN 29 32 26 0 Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSrn activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

~ 31 35 29 I External Access Enable: E7\: must be externally held low during RESET to enable the 
device to fetch code from external program memory locations OOOOH to 7FFFH. If E7\: is held 
high during RESET, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH, EA is don't care after RESET. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock genorator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. Internal and External Program Memory Access with Security Bit Set 

INSTRUCTION 

MOve in internal program memory 

MOVe in external program memory 

INTERNAL DATA MEMORY 
The internal data memory is divided into three 
physically separated segments: 256 bytes of 
RAM, 256 bytes of AUX-RAM, and a 128 
bytes special function area. These can be 
addressed each in a different way. 
- RAM 0 to 127 can be addressed direcdy 

and indirecUy as in the BOC51. Address 
pointers are RO and Rl of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51. Address 
pointers are RO and Rl of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirecUy addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, Rl of the selected register 
bank and OPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 

An access to external data memory locations 
higher than 255 will be performed with the 
MOVX OPTR instructions in the same way as 
in the B051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO and R 1 as address pointer. 

TIMER 2 
Timer 2 is functionally equal to the Timer 2 of 
the B052AH. Timer 2 is a 16-bittimer/counter. 
These 16 bits are formed by two special 
function registers Tl2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Uke Timer 0 and 1 , it 
can operate either as a timer or as an event 
counter. This is selected by bit CIT2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 
The watchdog timer consists of an ll-b~ 
prescaler and an 8-bit timer formed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1 MHz. The maximum 
tolerance on this frequency is -50% and 
+ 1 00%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 
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ACCESS TO INTERNAL 
PROGRAM MEMORY 

YES 

NO 

reset and a reset output pulse of 16 X 2048 
cycles of the on-chip oscillator is generated at 
pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2, 3 into the 
high state and port 0 into the high impedance 
state. 

The watchdog timer is controlled by one 
special function register WOCON with the 
direct address location ASH. WOCON can be 
read and written by software. A value of ASH 
in WOCON halts the on-chip oscillator and 
clears both the prescaler and timer Ta. After 
the RESET signal, WOCON contains ASH. 
Every value other than ASH in WOCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. Timer T3 
can only be written if WOCON contains the 
value SAH. A suocessful write operation to 
T3 will clear the prescaler and WOCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 
program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler is cleared by 
hardware. 

Watchdog timer interval; 

[256 - (T3)] x 2048 

on - chip oscillator frequency 

BIT-LEVEL 12C INTERFACE 
This bit-level serial 110 interface supports the 
12C-bus. Pl.6ISCL and Pl.7/S0A are the 
serial 110 pins. These two pins meet the 12C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the 12C-bus are 
supported: 
- master transmitter 

- master receiver 

- slave transmitter 

- slave receiver 

The advantages of the bit-level12e hardware 
compared with a full software 12e 
implementation are: 
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PROGRAM MEMORY 
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YES 

- the hardware can generate the SCL pulse 

- Testing a single bit (RBF respectively, 
WBF) is sufficient as a check for error free 
transmission. 

The bit-level 12C hardware operates on serial 
bit level and performs the following functions: 
- filtering the incoming serial data and clock 

signals 

- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the SCL 
line 

- latching a serial bit on the SOA line (SOl) 

- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SOA ; 0 while SOO ; 1) 

- setting a serial clock Low-to-High detected 
(CLH) flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 

- generating an automatic clock if the single 
bit data register SI BIT is used in master 
mode. 

The following functions must be done in 
software: 
- handling the 12C START interrupts 

- converting serial to parallel data when 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the 12C status if RBF or WBF ; O. 

Additionally, if acting as master: 
- generating START and STOP conditions 

- handling bus aribitration 

- generating serial clock pulses if SI BIT is 
not used. 
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Three SFRs control the bit-level12C interface: 
SIINT, SI BIT and SISCS. 

OSCILLATOR 
CHARACTERISTICS 
XTALI and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 

To drive the device from an external clock 
source, XTAl1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the SOC51 or 
in addition by one of two external interrupts, 
I NTO or INTI. A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt J1iITO or JliITf 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 

Table 2_ External Pin Status During Idle and Power-Down Modes 
MODE PROGRAM MEMORY ALE PSER PORTO 

Idle Internal I I Data 

Idle External I I Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 

ABSOLUTE MAXIMUM RATINGSI, 2, 3 

PARAMETER 

Operating temperature under bias 

Storage temperature range 

Voltage on any other pin to Vss 

Input, output current on any two pins 

Power dissipation 
(based on package heat transfer limitations, not device power consumption) 

NOTES: 
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signal J1iITO and lNTT must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of 1/0 ports during 
low current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

RATING UNIT 

o to +70, or 
-40 to +85, or °c 
-40 to +125 

~5 to +150 °c 
-{l.5 to Voo +0.5 V 

±IO mA 

1.0 W 

I. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its intemal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
Tant> =o°C to +70°C (Vee = 5V±20%),-40°C to +85°C (Vee = 5V±20%), or-40oC to+125°C (Vee =5V±10%), Vss=OV 

TEST LIMITS 

SYMBOL PARAMETER PART TYPE CONOmONS MIN MAX UNIT 

VIL Input low wltage, OoC to 70°C -{l.5 0.2Vcc-O·l V 
exceptEA", P1.6ISCL, P1.7ISDA -40o C to +85°C -{l.5 0.2Vcc-O.15 V 

VILl Input low voltage to EA" OOC to 70°C 0 0.2Vcc-O.3 V 

-40o C to +85°C 0 0.2Vcc-O.35 V 

VIl2 Input low voltage to Pl.6/SCL, Pl.7/SDA5 -{l.5 0.3V V 

VIH Input high voltage, OOCto700C 0.2Vcc+0.9 Vcc+O·5 V 
except XTAU, RST, Pl.6/SCL, Pl.7ISDA -40°C to +85°C 0.2Vee+1.0 Vcc+O·5 V 

VIH' Input high wltage, XTAL I, RST OOC to 70°C O.7Vee Vcc+O·5 V 

-40oC to +85°C 0·7Vcc+0.1 Vcc+O·5 V 

VIH2 Input high wltage, Pl.6ISCL, Pl.7/SDA5 3.0 6.0 V 

VOL Output low voltage, ports 1.2.3, except 
P1.6/scL, Pl.7ISDA' 

IOL = 1.6mA' 0.45 V 

VOLl Output low voltage, port 0, ALE, "PSEN' IOL =3.2mA' 0.45 V 

VOl2 Output low wltage, Pl.6/SCL, P1.7ISDA IOL = 3.0mA' 0.4 V 

VOH Output high wltage, ports 1, 2, 3 10H = -OOIIA 2.4 V 
IOH =-25IIA 0.75Vee V 

VOH' OutPu~~~ wltage, Port 0 in external bus mode, IOH = -a001lA 2.4 V 
ALE, ,RST 10H =--300jIA 0.75Vee V 

IlL Logical 0 input current, ports 1, 2, 3, OOC to 70°C VIN=0.45V -50 IIA 
except P1.61SCL, Pl.7/SDA -40°C to +85°C -75 IIA 

ITL Logicall-to-O transition current, ports I, 2, 3, O°C to 70°C See note 3 ~O IIA 
except Pl.61SCL, Pl.7/SDA -40oC to +85°C -750 IIA 

IILl Input leakage current, port 0 VIN = VIL orVIH ±10 IIA 
11L2 Input leakage current, Pl.61SCL, P1.7/SDA OV<Vi<6.0V ±10 IIA 

OV<Vcc<6.0V IIA 
Icc Power supply current: See note 4 

Active mode @ 16MHz OoC to 700C 25 rnA 
-4Q0C to +85°C 35 

Idle mode @ 16MHz DoC to 700C 5 rnA 
-400C to +85°C 6 

Power down mode 50 IIA 
RRST Internal reset pull-down resistor 50 300 kQ 

CIO Pin Capacitance 10 pF 

NOTES: 
1. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and ports 1 and 3. The 

noise is due to external bus capacitance discharging into the port and port 2 pins when these pins make 1-10-0 transactions during bus 
operations. In the worst cases (capacitive loading> loopF), the noise pulse on the ALE pin may exceed o.av. In such cases, it may be 
desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state 
(non-transient) conditions, IOL must be externally limited as follows: lOrnA per port pin, port 0 total (all bits) 26mA, ports I, 2, and total each 
(all bits) 15mA. 

2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and"PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

3. Pins of ports I, 2, and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

4. See Figures 10 through 13 lor Icc test conditions. 
5. The input threshold voltage of PI.6 and Pl.7 (SIOI) meets the 12C specification, so an input voltage below 1.5Vwili be recognized as a logic 

o while an input voltage above 3.0V will be recognized as a logic 1. 
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AC ELECTRICAL CHARACTERISTICS1, 2 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1IlcLcl 1 Oscillator frequency: Speed Versions 
87C528 P878C528EXX 3.5 16 MHz 

P878C528GXX 3.5 20 MHz 

It.HLl 1 ALE pulse width 85 2tclCl-40 ns 

~VLL 1 Address valid to ALE low 8 tclCL-05 ns 

It.LAX 1 Address hold after ALE low 28 tclCL-35 ns 

It.uv 1 ALE low to valid instruction in 150 4tclCl-l00 ns 

It.LPl 1 ALE low to PSEJil low 23 tclCl-40 ns 

IpLPH 1 PSI:R" pulse width 143 3tclCl-45 ns 

Ipuv 1 PSI:R" low to valid instruction in 83 31cLcl-l05 ns 

IpXIX 1 Input instruction hold after PSEIII 0 0 ns 

IpXIZ 1 Input instruction float after PSEIII 38 tclCL-25 ns 

~VIV 1 Address to valid instruction in 208 5tclCL-l05 ns 

IplAZ 1 PSI:R" low to address float 10 10 ns 

Data Memory 

lRlRH 2,3 RU pulse width 275 6tclCl-l00 ns 

tWlWH 2,3 WR pulse width 275 61cLcl-l00 ns 

tRlDV 2,3 RU low to valid data in 148 5tclcl-165 ns 

tRHDX 2,3 Data hold after RU 0 0 ns 

tRHDZ 2,3 Data float after RU 55 2tcLCl-70 ns 

hDZ 2,3 ALE low to valid data in 350 81cLcl-150 ns 

lAvov 2,3 Address to valid data in 398 91cLcL-165 ns 

hW!. 2,3 ALE low to RU or WR low 138 238 31cLCL-50 31cLcl+50 ns 

tAVW!. 2,3 Address valid to WR low or RU low 120 4tclCl-130 ns 

tavwx 2,3 Data valid to WR transition 3 tcLCl-€O ns 

tWHQX 2,3 Data hold after WR 13 tclCl-OO ns 

tRlAZ 2,3 RU low to address float 0 0 ns 

tWHlH 2,3 RU or WR high to ALE high 23 103 tclCl-40 tclCl+40 ns 

External Clock 

tcHCX 6 High time 20 20 ns 

lcLcx 6 Low time 20 20 ns 

lcLCH 6 Rise time 20 20 ns 

tcHCl 6 Fall time 20 20 ns 

Shift Register 

tXlXL 4 Serial port clock cycle time 750 12tcLcl ns 

taVXH 4 Output data setup to dock rising edge 492 1 OtclCL-I33 ns 

tXHQX 4 Output data hold after clock rising edge 8 2tclCl-l17 ns 

tXHDX 4 Input data hold after clock rising edge 0 0 ns 

tXHDV 4 Clock rising edge to input data valid 492 lOtcLCl-l33 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for portO, ALE, andPSEJil = l00pF, load capacitance for all other outputs = OOpF. 
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT IZ<: SPECIFICATION 

SCL TIMING CHARACTERISTICS 

lHo; STA START condition hold time ~ 14lcLCL1 Note 2 ~4.0l's 

It.ow SCllOWtime ~ 16lcLcL Note 2 ~ 4.71'8 

IHIGH SClHIGH time ~ 14lcLCL1 ~ 80 IcLCL3 ~4.0I's 

tAC SClrisetime S 11'84 NoteS S; 1.0l'S 

IFc SCl fall time S; 0.31'84 S; 0.31'8 6 s; 0.31's 

SOA TIMING CHARACTERISTICS 

Isu; DAT1 Data set-up time ~250ns Note 2 ~ 250ns 

lHo; DAT Data hold time ~Ons Note 2 ~Ons 

Isu; STA Repeated START set-up time ~ 14lcLCL 1 Note 2 ~4.7I's 

Isu; STO STOP condition set-up time ~ 14lcLCL1 Note 2 ~ 4.DI1s 

IsUF Bus free time ~ 14 tcLCL 1 Note 2 ~4.7I's 

tAD SDA rise lime S; 11'84 Note 5 S; 1.01'8 

lFo SDA fall time S; 0.31'84 SO.31'8 6 s; 0.3J.Ls 

NOTES: 
1. At hK = 3.5MHz, this evaluates to 14 x 286ns = 41'8, i.e., the bit-level12C interface can respond to the 12C protocol for fCLK ~ 3.SMHz. 
2. This parameter is determined by the user software, it has to comply with the 12C. 
3. This value gives the autoclock pulse length which meets the 12C specification for the specified XTAl clock frequency range. Alternatively, the 

SCl pulse may be timed by software. 

4. Spikes on SDA and SCl lines with a duration of less than 4 X fCLK will be filtered out. 

5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be S; 11'8. 
6. The maximum capacitance on bus lines SDA and SCl is 400pF. 
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EXPLANATION OF THE AC 
SYMBOLS 
Each timing symbol has five characters. The 
first character is always 'r (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A- Address 
C- Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 

ALE 

PORTO 

PORT 2 

ALE 

PSER 

P - PSER 
Q - Output data 
R - "RUsignal 
t - lime 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Float 
Examples: IAVLL lime for address valid 

to ALE low. 
lime for ALE low to 
PSERlow. 

Figure 1. External Program Memory Read Cycle 

tWHLH 

'-----tU.DV -----l .. ~1 

tU.WL -~~---IRLRH ---~ 
RD ______________ ~------~ 

PORTO 

PORT 2 P2.0-P2.7 OR A8-A'5 FROM DPH 

Figure 2. External Data Memory Read Cycle 
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ALE 

tWHLH 

tLLWL --'loI+---tWLWH ----+I 
WR _______ 1-____ .. 1 

PORTO 

PORT. 

INSTRucnON 0 

ALE 

CLOCK 

OUTPUT DATA 

t 
WRITE TO SBUF 

INPUT DATA 

~ 
CLEAR RI 

SCL 
(INPUT/OUTPUT) 

--+---tfL---iI 

'HD;STA 'LOW 
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tovwx 

DATA OUT 

P2.G-P2.7 OR A8-A15 FROM DPF 

Figure 3. External Data Memory Write Cycle 

Figure 4. Shift Register Mode Timing 

IiIGH tsU;DATt IHD;DAT 

Figure 5. Timing 5101 (I"C) Interface 
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A8-A15 FROII PCH 

t 
SET .. 

tsu;DAT' 
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VO"""·S - - - -
o·7Voo 

O.45V O.2VOO-O·1 
f.-1cHCX-> 

'---

1cHCL- I+-1cLCX-- i--1cLCH 

i+----1cLCl _.----

Figure 6. External Clock Drive 

VLOAO'-----< 
VOO-O.S -V o.2VOO.o·9 >C 

o.45V ~_o.=2:.V:!O~o-O.:....::.:.' _____ . 

VLOAO.o·1V 

NOTE: NOTE: 

TIlliNG 
REFERENCE 

POINTS 
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VQH-O.1V 

VOI...o.1V 

AC inputs during testing are drivoo at VDD -0.5 for a logic '1' and O.45V for a logic '0', 

liming measurements are made at VIH min for a logic '" and VIL for a logic '0', 

For timing purposes, a port is no longer floating when a 100mV change from load 
voltage occurs, and begins to float when a 100mV change from the loaded VaH' 

VOL level occurs. 10H''oL 2: ± 2OmA.. 

Figure 7. AC Testing InpulfOutput Figure 8. Float Waveform 

30 MAX ACTIVE MOOE 

25 

20 

IccmA .5 

10 

MAX IOLE MOOE 

l::d~::dt:=:J[:=jt=J TYPIOLE IIOIlE 

4MHz 811Hz 1211Hz 16MHz 2011Hz 

FREa AT XTALI 

Figure 9. Icc Vs. FREQ. 
Valid only within frequency specifications of the device under test 
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voo 

voo 
voo RST 

RST PO 

(NC) XTAl2 Pl.6 XTAL2 Pl.6 

CLOCK SIGNAL XTAL1 
Pl.7 XTAL1 Pl.7 

1 
vss Vss 

Figure 10. 100 Test Condition, Active Mode 
All other pins are disconnected 

Figure 11. 100 Test Condition, Idle Mode 
All other pins are disconnected 

vo~·s 
n.7VOD RST 

O.45V O.2VO~·1 Ell: 
PO 

(NC) XTAL2 P1.6 

XTAL1 PH 

VSS 

Figure 12. Clock Signal Waveform for 
100 Tests in Active and Idle Modes 

tCLcH = tcHCL = Sns 
Figure 13. 100 Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to S.SV 

NOTE: 
1. 'Ports 1.6 and 1.6 should be connected to VDD through resistors of sufficiently high value such that the sink current into these pins does not 

exceed the lou specifications. 

EPROM CHARACTERISTICS 
The 87C528 is programmed by using a 
modified Quick·Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEiPROG pulses. 

The 87C528 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C528 manufactured by Philips. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
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the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick·pulse 
programming is shown in Figure 14. Note that 
the 87C528 is running with a 4 to 6MHz 
oscillator The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 

690 

programmed into that location is applied to 
port O. RST, PSE1if and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALEiPROG is pulsed low 25 times as shown 
in Figure 15. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
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Bir levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ~pp pin must not be allowed 
to 90 above the maximum specified Vpp level 
for any amount of time. Even a narrOW glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports I, 2 and 3 as shown in Figure 
16. The other pins are held at the 'Verify 
Code Data' levels indicated in Table 3. The 
contents of the address location will be 
emined on port O. External pull ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exdusive NOR of the program byte with one 
of the encryption bytes. The user will have to 

know the encryption table contents in order to 
correcfly decode the verification data. The 
encryption table itself cannot be read out. 

Readinq the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 97H indicates 87C528 ; 

Program Lock Bits 
The 87C528 has 3 programmable lock bits 
that will providE! different levels of protecbon 
for the on-chip code and data (see Table 4). 

Erasing the EPROM also erases the 
encryption array and the program lock bits, 
returning the part to full functionality. 

ProgramNerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

TABLE 3. EPROM PROGAMMING MODES 
MODE RST PSEN ALEIPROG EJJVpp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O· Vpp 1 

Pgm lock bit 1 1 0 O· Vpp 1 

Pgm lock bit 2 1 0 O· Vpp 1 

Pgm lock bit 3 1 0 O' Vpp 0 

NOTES: 
1. '0' = Valid low for that pin, 'I' = valid high for that pin. 
2. Vpp = 12.75V ±O.25V. 
3. Vee = 5V ± 10% during programming and verification . 
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Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended Ihal an opaque label be 
placed over Ihe window. For elevated 
temperature or environments where solvents 
are oeing used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,ooOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 
Signetics Microcontroller Products CMOS 
single-chip 8-bit microcontroller 

P2.6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

1 0 1 

• ALEIPROG receives 25 programming pulses while Vpp is held at 12.75V Each programming pulse is low for 1001-'5 (±IOl-'s) and high for a 
minimum of 101-'5. 

TABLE 4. 
PROGRAM LOCK BITS,,2 

LB! LB2 LB3 PROTECTION DESCRIPTION 

1 U U U No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 

2 P U U MOVC instructions executed from external program memory are disabled from fetching code bytes 
from Internal memory, EA is jumped and latched on Reset, and further programming of the EPROM 
Is disabled. 

3 P P U Same as 2, also verify is disabled. 

4 P P P Same as 3, external execution is disabled. Internal data RAM is not accessable. 

NOTES: 
1. P - programmed. U - unprogrammed. 
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2. Any other combination of the lock bits is not defined. 

Vee 

PI PO 

RST EXlVpp 

Pal Al£iPIKla 

Pa7 87C528 PSER 

XTAL2 P2.7 

P2.1 

ITALl f>2.6.n.5 

Vss Pa' 

Figure 14. Programming Configuration 
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PGMDATA 

+12.75V 

25 100,.. PUlSES TO GROUND 

o 

o 

A8-A13 

A .. 

~1'~------------25PULSES ------------------~.I 
ALEJIIIRXl; 

~---

I 

'-- 10 ... liN --1 1 .. 4f-------- 10 ... ~ 10------~ .. 00!1 

ol~ _______________ ~rlL_ ______________ ~rl~ __ __ 

Figure 15. PROGWaveform 
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+5V 

Vee 

_7 PI 1'0 I'GMDATA 

RST EX/Vpp 

PU ALEIPRDG' 

"""7 .7Csa PSER o 

XTAl2 P2.7 o EUBlE 

P2.0 

XTALt 1'2.0-1'2.5 

Yss P3.4 All 

-

Figure 16. Program Verflcation 

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb=21°Cto +27"C Vcc=5V+l0% Vss =OV (See Figure 17) -

SYMBOL PARAMETER MIN MAX UNIT 

Vpp Programming supply voltage 12.5 13.0 V 

Ipp Programming supply current 50 rnA 

lItcLCL Oscillator frequency 4 6 MHz 

IAVGL Address setup to P"ROG low 48IcLCL 

IGHAX Address hold after P"ROG 48lcLcL 

tDVGL Data setup to PROO low 48lcLCL 

IGHOX Data hold after PROO 48lcLCL 

lEHSH P2.7 (EW\BIT) high to Vpp 48lcLcL 

lsHGL Vpp setup to PROO low 10 fJS 

IGHSL Vpp hold after PROO 10 fJS 

IGLGH PROOwidth 90 110 fJS 

tAVOV Address to data valid 48lcLCL 

tELQZ EJiIIffi[E low to data valid 48lcLCL 

lEHOZ Data float after EJiIIffi[E 0 48lcLCL 

IGHGL PROO high to PROO low 10 fJS 
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'1.11 .. '1.7 
~ 

PORTO 

IovGL 
~ IAVGl. 

Ica.GH .... 
IsHGL ... 

V 

/ 

PROGRAMMING" 

ADDRESS 

DATA IN 

I- -to 

~ Ic:HOI 
Ic:HAI 

~~ " 
It- .... ~ IaHGL 

IGHSL 

~ 
LOGIC 0 
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VERI_liON" 

ADIlIIESS "-
,/ - *- 'AVQ¥ 

DATA OUT 

LOGIC 1 LOGIC 1 

------------ ---------_ .... _-------------- ----------- -------------

P2.7 
DIUl:E 
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tEIISH ~~ fotgz 

"FOR PROGRAMMING VERIFICATION SEE FIGURE 14. I ., 
FOR VERIFICATION CONDITIONS SEE FIGURE 16. 

Figure 17. EPROM Programing and Verfication 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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8XC550 OVERVIEW 
The 8XC550 is a single-chip control oriented 
microcontroller in the 8OC51 family. The 
8XC550 has the same basic architecture and 
instruction set as the industry standard 
8OC51 , with the addition of an eight-channel 
mu Itiplexed 8-bit AID converter and a 
versatile watchdog timer. 

The part is available in three versions, 
collectively referred to as the 8XC550: the 
83CSSO with 4k bytes of masked ROM 
program memory; the 87CSSO with 4k bytes 
of EPROM program memory; and the 
8OCSSO with no on-chip program memory. 
The EPROM version of this device is 
available in both quartz-lid erasable and 
one-time programmable (OTP) packages. 
Once the EPROM array of the 87C550 is 
programmed, the part will generally be 
functionally equivalent to the masked ROM 
83C550. The watchdog timer setup, however, 
is accomplished in a different manner on the 
ROM part than it is on the EPROM and 
ROMless parts. Refer to the description of 
the watchdog timer for details. 

The 8XCSSO supports two power reduction 
modes of operation referred to as the idle 
mode and the power-down mode. The 
8XC550 features include: 

• 8OC51 based architecture 

• Eight-channel multiplexed 8-bit AID 
converter in the LCC package (six 
channels on the DIP package) 

• 4O-microsecond AID conversion time 
(when used with a 12MHz oscillator) 

• Separate AID power supply and references 
(LCC part only) 

• Watchdog timer 

• 4k byte ROM or EPROM program memory 

• 128-byte RAM 

• 40-pin DIP and 44-pin LCC packages 

• 24 1/0 lines + 8 input only lines on the LCC 
package (24 1/0 lines + 6 input only lines 
on the DIP package), port 1 is input only 

• Two 16-bit counterltimers 

• Two external interrupts 

• Extemal memory addressing capability of 
64k program memory and 64k data 
memory 

• Full duplex UART 
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• Low powerconsumpoon 

- Idle mode 

- Power-down mode 

Differences From the 80C51 

Special Function Registers 
The 8XC550 contains all of the special 
function registers (SFRs) that are present on 
the standard 8OC51. There are several SFRs 
that have been added as well as several 
others that have been modified somewhat in 
order to accommodate the additional 
functions of this chip. 

Table 1 contains a summary of all of the 
SFRs and their addresses. 

The AID control register (ADCON) and the 
AID data register (ADAT) have been added to 
allow access to the on-<:hip AID converter. 
ADCON contains all of the control and status 
bits required to operate the AID converter. 

Four other registers have been added to 
allow control of the watchdog timer function. 
The WDCON register controls watchdog 
timer operation, and WDL holds the watchdog 
timer reload value. The WFEED1 and 
WFEED2 registers, when properly 
manipulated, cause the watchdog timer to be 
reloaded from WDL The current watchdog 
counter value may also be read back from 
the WDL register address. 

1/0 Port Structure 
The 8XC550 has the same 1/0 ports as the 
standard 8OC51 with the following 
exceptions: the port 1 pins are shared with 
the AID converter inputs and are input only 
pins even when the AID is not being used; 
port 1 has only 6 pins on the DIP version of 
the part. 

AID Converter 
The LCC packaged versions of the 8XC550 
contain an eight-channel multiplexed 8-bit 
AID converter, while the DIP versions 
implement only six channels. The conversion 
requires 40 machine cycles (40l1s at 12MHz 
oscillator frequency). 

The AID converter is controlled by the AID 
control register, ADCON. Input channels are 
selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON 
register is not bit addressable. 

The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register, 
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and the result is stored in the special function 
register ADAT. 

An ADC conversion in progress is unaffected 
by an ADC start. The result of a completed 
conversion remains unaffected provided 
ADCI remains at a logic 1. While ADCS is a 
logic 1 or ADCI is a logic 1, a new ADC 
START will be blocked and consequen~y lost. 
An ADC conversion in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. See 
Figure 1 for an AID input equivalent circuit 

The analog input pins ADCO-ADC7 may still 
be used as digital inputs. The analog input 
channel that is selected by the 
ADDR2-ADDRO bits in ADCON cannot be 
used as a digital input. Reading the selected 
AID channel as a digital input will always 
return a 1. The unselected AID inputs may 
always be used as digital inputs. 

On RESET the AID port pins are set to the 
Digital mode and will work as a normal port 
and need no further initialization. To use the 
AID converter a single byte should be written 
to ADCON which selects the AID mux and 
concurrentiy sets the ADCS bit to start the 
AID conversion. The 40 machine cycles of 
the AID conversion include time for signal 
settling after the mux is selected and before 
the Sample and Hold procedure is completed. 

The circuitry which disables the digital buffer 
from the port pin is updated at the start of an 
AID conversion by setting the ADCS bit in 
ADCON. After powerup, problems will occur 
the first time that ADCON is written to if 
ADCS is not set; in this case, the digital 
signal disable registars contain random data 
and some 0 the 8 port pins will have their 
digital buffers disabled. When read, these 
disabled buffers will ignore their input and 
only return a 1. This condition will be 
corrected by writing a 1 to ADCS in ADCON 
which starts and AID conversion. 

Thus, there are two operating modes: 
1. DIGITAL ONLY - No Analog inputs are 

used and ADCON is never written to. In 
this case pins ADCO-ADC7 are configured 
as digital inputs. 

2. AID CONVERTER USED - The input 
multiplexer select field must be written to 
and ADCS must be set in ADCON. This 
allows un selected AID inputs to be used 
as digital inputs. 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

80C51 Family Derivatives 8XC550 Overview 

Table 1. 8XC550 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOl, OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

ACC" Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

ADAT# AID result C6H xxH 

ADCON# AID control C5H - I - I - I ADCI I ADCS I AADR2 I MDRI I MDRO xxxOOOOOB 

B" B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR: Data pointer 
(2 bytes): 

DPH High byte 83H OOH 
DPL Low byte 82H OOH 

BF BE BD BC BB SA B9 88 

Ip·# Interrupt priority B8H - I PWD I PAD I PS I Pll I PXl I PTO I PXO xOOOOOOOB 

AF AE AD AC AB AA A9 AS 

IE"# Interrupt enable A8H EA I EWD I EAD I ES I Ell 1 EXI I ETO I EXO OOH 

PO" PortO 80H 87 86 85 84 83 82 81 80 FFH 

PI" Portl 90H 97 96 95 94 93 92 91 90 FFH 

P2· Port 2 AOH A7 A6 A5 A4 A3 A2 Al AO FFH 

P3· Port 3 BOH B7 B6 B5 B4 B3 B2 Bl BO FFH 

PCON# Power control 87H SMOD I SIDL I - I - I GFI I GFO I PD I IDL OOxxOOOOB 

07 06 05 04 03 02 01 00 

PSW· Program status word OOH CY I AC I FO J RSI I RSO I ov I - I P OOH 

SBUF Serial data buffer 99H xxH 

9F 9E 9D 9C 9B 9A 99 98 

SCOW Serial port control 98H SMO I SMI I SM2 I REN I T88 I R88 I TI I RI OOH 

SP Stack pointer 81H 07H 

8F 8E 80 8C 8B 8A 89 88 OOH 

TCON" Timer counter/control 88H TFI I TRI I TFO I TRO I lEI I ITI I lEO I ITO OOH 

TMOO Timer/counter mode 89H GATE I CIT I Ml I MO I GATE I CIT I Ml I MO OOH 

THO Timer 0 high byte 8CH OOH 

THI Timer 1 hig h byte 80H OOH 

TLO Timer 0 low byte 8AH OOH 

TLl Timer 1 low byte BBH OOH 

C7 C6 C5 C4 C3 C2 Cl CO 

WDCON"# Watchdog timer COH PRE21 PREI I PREO I - I - I WDRUN I WOTOF I WOMOO OOOxxOOOB"· 
control 

WDL# Watchdog timer C1H FFW· 
reload 

WFEE01# Watchdog timer C2H xxH 
feed 1 

WFEE02# Watchdog timer C3H xxH 
feed 2 

" SFRs are bit addressable. 
# SFRs are modified from or added to the 8OC51 SFRs. 
"This value is not valid for a masked ROM part (83C550) when running from internal memory (EA = 1). See data sheet for details. 
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ADCON Register 

!.ISO LSD 

I X I X I x I ADell ADCS I AADR2\ AADR1\ AA~1I01 

ADCI 
o 

o 

ADCS 
o 

o 

Operation 
ADC not busy, a 
conversion can be 
started. 
ADC busy, start of a new 
conversion is blocked. 
Conversion completed, 
start of a new is blocked. 
Not possible. 

INPUT CHANNEL SELECTION 

ADDR2 ADDRI ADDRO INPUT 
PIN 

0 0 0 P1.0 
0 0 I PI.I 
0 I 0 PI.2 
0 I 1 Pl.3 
1 0 0 P1.4 
1 0 1 P1.5 
1 1 0 Pl.6-
1 1 1 pl.r . Not present on 40-pln DI P versIons . 

Symbol Position Function 
ADCI ADCON.4 ADC interrupt flag. 

This flag is set when 
an ADC conversion is 
complete. IflE.5 ~ I, 
an interrupt is 
requested when 
ADCI ~ 1. The ADCI 
flag must be cleared 
by sofiware after AID 
data is read, before the 
next conversion can 
begin. 

ADCS ADCON.3 ADC start and status. 
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Setting this bit starts 
an AID conversion. 
Once set, ADCS 
remains high 
throughout the 
conversion cycle. On 
completion of the 
conversion, it is reset 
at the same time the 
ADCI interrupt flag is 
set. ADCS cannot be 
reset by sofiware. 

AADR2 ADCON.2 Analog input selects. 
AADRI ADCON.l Binary coded address 
AADRO ADCON.O selects one of the five 

analog input port pins 
of PI to be input to the 
converter. It can only 
be changed when 
ADCI and ADCS are 
both low. AADR2 is the 
most significant bit. 

Sample AID Routines 
The following routines demonstrate two 
methods of operating the AID converter. The 
first method uses polling to determine when 
the AID conversion is complete. The second 
method uses the AID interrupt to flag the end 
of conversion. 

The routine ReadAD will start a read of the 
AID channel identified by R7, and wait for the 
conversion to complete, polling the AID 
interrupt flag. The result is returned in the 
accumulator. 

ReadAD:MOV A,#08h 

ORL A,R7 

MOV ADCON,A; 
ADLoop: MOV A,ADCON 

;Basic AID 
;start 
;command. 
;Add channel 
;# to be read. 
;Start AID. 
;GetAlD 
;status. 

JNB ACC.4,ADLoop;Wait for 
;ADCI 
;(AlD 
;finished). 

MOV A,ADAT ;Get 

MOV ADCON,#O 
RET 

;conversion 
;result 
;ClearADCI. 

The routine StartAD will start a read of the 
AID channel identified by R7 and exit back to 
the calling program. When the conversion is 
complete, the AID interrupt occurs, calling the 
AID interrupt service routine. The result of the 
conversion is returned in register R6. 
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StartAD: MOV A,#08h 

ORL A,R7 

MOV ADCON,A 
RET 

ORG 2Bh 

AD In!: MOV RS,ADAT 

MOV ADCON,#O 
RETI 

Watchdog limer 

;BasicAlD 
;start 
;command. 
;Add channel 
;# to be read. 
;StartAlD. 

;AlD interrupt 
;address. 
;Get 
;conversion 
;result. 
;ClearADCI 

The purpose of the watchdog timer is to reset 
the microcontroller within a reasonable 
amount of time if it enters an erroneous state, 
possibly due to a programming error, 
electrical noise, or RFI. When enabled, the 
watchdog circuit will generate a system reset 
if the user program fails to "feed" (or reload) 
the watchdog within a predetermined amount 
of time. 

The watchdog timer implemented on the 
8XC550 has a programmable interval and 
can thus be fine tuned to a particular 
application. If the watchdog function is not 
used, the timer may still be used as a 
versatile general purpose timer. 

The watchdog function consists of a 
programmable 13-bitprescaler, and an 8-bit 
main timer. The main timer is clocked by a 
tap taken from one of the top 8 bits of the 
prescaler. The prescaler is incremented once 
every machine cycle, or 1/12 of the oscillator 
frequency. Thus, the main counter can be 
clocked as often as once every 64 machine 
cycles or as seldom as once every 8192 
machine cycles. 

When clocked, the main counter decrements. 
If the main watchdog counter reaches zero, a 
system reset will occur. To prevent the 
watchdog timer from under-flowing, the 
watchdog must be fed before it counts down 
to zero. When the watchdog is fed, the 
contents of the WDL register are loaded into 
the main watchdog counter and the prescaler 
is cleared. 
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To Comparator 
--~~-+--+-------------

I I L _______ .J 

... tiple_ 

V ANALOG INPUT I 
..L Cc 

I 
Rm = 0.5 - 3 kohms 
CS + CC = 1SpF maximum 
RS = Recommended < 9.6 kohms for 1 lSB@ 12MHz 

NOTE: 
Because the analog to digital converter has a sampled-<Jata comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm doses for 8tcy (81'S @ 12MHz aystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 

WDCON Register 

IISB LSB 

IPRE21 PRE11 PRBlI x I x IWDRUNlwDTOFlwoMOOI 
Symbol Position 
WDCON.7 PRE2 

WDCON.6 PRE1 
WDCON.S PREO 

Function 
Prescaler select 
(read/write). 
These bits select the 
prescaler divide ratio 
according to the 
following table: 

PRE2 PREI PREO DIVISOR 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

WDCON.4 
WDCON.3 
WDCON.2 WDRUN 
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(FROMfosc) 

0 12 x64 
1 12x64x2 
0 12x64x4 
1 12x64x8 
0 12x64x16 
1 12x64x32 
0 12x64x64 
1 12x64x128 

Not used 
Not used 
Run control (read! 
write). This bit turns 
the timer on (WDRUN 
= 1) or off (WDRUN = 
0) if the timer mode 
has been selected. 

Figure 1. AID Input: Equivalent Circuit 

WDCON.1 WDTOF Timeout flag (read 
/Write). This bit is set 
when the watchdog 
timer underflows. It is 
cleared by an external 
reset and can be 
cleared by software. 

WDCON.O WDMOD Mode selection (read! 
write). When WDMOD 
= 1, the watchdog is 
selected; when 
WDMOD = 0, the timer 
is selected. Selecting 
the watchdog mode 
automatically disables 
power-down mode. 
WDMOD is cleared by 
external reset. Once 
the watchdog mode is 
selected, this bit can 
only be deared by 
writing a 0 to this bit 
and then performing a 
feed operation. 

A very specific sequence of events must take 
place to feed the watchdog timer; it cannot be 
fed accidentally by a runaway program. The 
following routines demonstrate setting up and 
feeding the watchdog timer. These routines 
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apply to all versions of the 8XCS50 except 
the ROM part when running from internal 
program memory. 

This routine sets up and starts the watchdog 
timer. This is not necessary for internal ROM 
operation, because setup of the watchdog 
timer on masked ROM parts is accomplished 
direcUy via ROM mask options. 

SetWD: MOV WDl,#OFFh ;Set watch
;dog 
;reload value. 

MOV WDCON,#OES ;Set up timer 
;prescaler, 
;mode, and 
;run bits. 

ACAll FeedWD ;Start watch
;dogwith a 
;feed 
;operation. 

RET 

This routine executes a watchdog timer feed 
operation, causing the timer to reload from 
WDl. Interrupts must be disabled during this 
operation due to the fact that the two feed 
registers must be loaded on consecutive 
instruction cydes, or a system reset will occur 
immediately. 
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FeedWD:CLR EA ;This 
;sequence 
;must not be 
;interruptcd. 

MOV WFEEDI,#OA5h;First 
;instruction 
;offccd 
;sequence. 

MOV WFEED2,#05Ah;Second 
;instruction 
;offeed 

SETB EA 

RET 

;sequence. 
;Turn 
;interrupts 
;backon. 

An interrupt is available to allow the 
watchdog timer to be used as a general 
purpose timer in applications where the 
watchdog function is not needed. The timer 
operates in the same manner when used as a 
general purpose timer except that the timer 
interrupt is generated on timer underflow 
instead of a chip reset. Refer to the 87C550 
data sheet for additional information on 
watchdog timer operation. 

Interrupts 
The 8XC550 interrupt structure is a 
seven-source, two-priority level interrupt 
system similar to that of the standard SOC51 
microcontroller. The interrupt sources are 
listed below in the order of their internal 
polling sequence. This is the order in which 
simUltaneous interrupts of the same priority 
level would be serviced. 

Interrupt Priorities 

PRIORITY SOURCE VECTOR FUNCTION 
ADDRESS 

Highest INTO 0OO3H External 
interrupt 0 

TFO OOOBH Counter! 
timer 0 
overflow 

INTI OOl3H External 
interruptI 

TFI OOIBH Counter! 
timer I 
overflow 

TI& RI 0023H Serial port 
transmiV 
receive 
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ADCI 002BH AID 
converter 
conversion 
complete 

Lowest WDTOF 0033H Watchdog 
timer 
overflow 
(only when 
not in 
watchdog 
mode) 

Interrupt Control Registers 
The standard BOC51 interrupt enable and 
priority registers have been modified slightly 
to take into account the additional interrupt 
sources of the 8XC550. 

Interrupt Enable Register 

MSB LSB 

1~I~ol~~~lml~I~I=1 
Symbol Position Function 
EA IE.7 Global interrupt enable 
EWD IE.6 Watchdog timer 

overflow 
EAD IE.5 AID conversion 

complete 
ES IE.4 Serial port transmit or 

receive 
ETI IE.3 Timer I overflow 
EXI IE.2 External interruptI 
ETO IE.I Timer 0 overflow 
EXO IE.O External interrupt 0 

Interrupt Priority Register 

MSB LSB 

I - I pwol PAD I ps PTl I PT, I pxo I PXO I 

Symbol 
PWD 
PAD 
PS 
PTI 
PXI 
PTO 
PXO 

Position 
IP6 
IP.5 
IP.4 
IP.3 
IP.2 
IP.I 
IP.O 

Function 
Watchdog timer 
AID conversion 
Serial port interrupt 
Timer I interrupt 
External interrupt I 
Timer 0 interrupt 
External interrupt 0 

Power-Down and Idle Modes 
The 8XC550 includes the standard BOC51 
power-down and idle modes of reduced 
power consumption. In addition, the 8XC550 
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includes an option to separately turn off the 
serial port for extra power savings when it is 
not needed. Also, the individual functional 
blocks such as the counter!timers are 
automatically disabled when they are not 
running. This actually turns off the clocks to 
the block in question, resulting in additional 
power savings. Note that when the watchdog 
timer is operating, the processor is inhibited 
from entering the power-<iown mode. This is 
due to the fact that the oscillator is stopped in 
the power-<iown mode, which would 
effectively tum off the watchdog timer. In 
keeping with the purpose of the watchdog 
timer, the processor is prevented from 
accidentally entering power-down due to 
some erroneous operation. 

Power Control Register 

MSB LSB 

I SMool SIOL I IGF' I GFO I PO I lOLl 

Symbol 
SMOD 

Symbol 
SIDL 

GFI 

GFO 

PD 

IDL 

Position Function 
PCON.7 Double baud rate bit. 

Position 
PCON.6 

PCON.5 
PCON.4 
PCON.3 

PCON.2 

PCON.I 

PCON.O 

When set to a I and 
Timer I is used to 
generate baud rate, 
and the serial port is 
used in modes I, 2, 
or3. 

Function 
Separately idles the 
serial port for 
additionalpower 
savings. 
Reserved 
Reserved 
General-purpose flag 
bit. 
General-purpose flag 
bit. 
Power-down bit. 
Starting this bit 
activates power-down 
operation. 
Idle mode bit. Setting 
this bit activates idle 
mode operation. 

If I s are written to PD and I DL at the same 
time, PD takes precedence. 
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CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 

DESCRIPTION 
The Philips BXC550 is a high-performance 
microcontroller fabricated with Philips 
high-density CMOS technology. This Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. Philips 
epitaxial substrate minimizes latch-up 
sensitivity. The CMOS 8XC550 has the same 
instruction set as the BOC51. 

The 6XC550 contains a 4k x II EPROM 
(B7C550)/ROM (63C550)lREIeSS (BOC550 
has no program memory on hip), a 128 x 8 
RAM 8 channels of 8-bit AID, r 8-bit ports 
(port'l is input only), a watchdog timer, two 
16-bit counter/timers, a seven-source, 
two-priority level nested interrupt structure, a 
serial 110 port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and an on-{;hip oscillator and clock 
circuits. 

In addition, the 8XC550 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

Decembr29,1992 

FEATURES 
• 80C51 based architecture 

- 4k x 8 EPROM (87C550)I 
ROM (83C550) 

- 128x8RAM 

- Eight channels of 8-bit AID 

- Two IS-bit counterltimers 

- Watchdog timer 

- Full duplex serial channel 

- Boolean processor 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 
- Idle mode 

- Power-down mode 

• CMOS and TIL compatible 

• One speed range at 
Vcc= 5V±10% 

- 3.5 to 16MHz 

• Four package styles 

• Extended temperature ranges 

• OTP package available 
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80C550/83C550/87C550 

PIN CONFIGURATIONS 

AVcCfl/ref+ 1 

AVsglVreJ- 2 

Pl.D1ADCO • 

P1.1/ADC1 4 

17 

18 

Pin Function Pin 
1 AVec '6 
2 Vref. 17 
3 Vref- '8 
4 AVss '9 
5 Pl.OIADCO 20 
6 P'.lIADCl 2' 
7 P1.21ADC2 22 
8 P1.3IADC3 23 
9 P1.4/ADC4 24 
10 Pl.51ADC5 25 
11 Pl,I"ADC6 26 
12 Pl.7/ADC7 27 
'3 RST 28 
'4 P3.OIRxD 29 
15 P3.11TxD 30 

40 

PII.31AD3 

PII.4IAD4 

PII.51AOS 

PII.6/AD6 

1'O.7/AD7 

1 'ElI'Npp 

AI.EIPROG 

P2.7/A1S 

7 P2.6IAI4 

P2.51AI3 

P2.21A.O 

P2.lIA. 

P2.01A9 

•• 

2. 
28 

FunctIon Pin FLnClion 
P3.2Im1l 31 P2.6IAI4 
P3.3I1I'ITf 32 P2.71AI5 
P3.4/TO 33 !'SEN 
pa5fT1 34 AlEil'ROG 
P3.6IWR 35 EJWpp 
P3.7/RD 36 PO.7/fJJJ7 
XTAl2 37 PO.61AD6 
XTAll 38 PO.51fJJJ5 
V .. 39 PO.41AD4 
P2.0IA8 40 PO.3IfJJJ3 
P2.lIAB 4' PO.21fJJJ2 
P2.21Al0 42 PO.lIfJJJl 
P2.3IA11 43 PO.OIfJDO 
P2.41A'2 44 V"" 
P2.51A'3 

853--1568 08602 
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with AID and watchdog timer 80C550/83C550/87C550 

ORDERING INFORMATION 

TEMPERATURE RANGE "C FREQ DRAWING 
ROMless ROM EPROM AND PACKAGE 1 MHz NUMBER 

P87C550EBF FA o to +70, Ceramic Dual In-Line Package, UV 3.5 to 16 0590B 

P87C550EBL KA o to +70, Ceramic Leaded Chip Carrier, UV 3.5 to 16 1472A 

PBOC550EBP N P83C550EBP N P87C550EBP N o to +70, Plastic Dual In-Line Package, OTP 3.5 to 16 0415C 

P80C550EBA A P83C550EBA A P87C550EBA A o to +70, Plastic Leaded Chip Carrier, OTP 3.5 to 16 0403G 

P80C550EFP N P83C550EFP N P87C550EFP N -40 to +85, Plastic Dual In-Line Package, OTP 3.5 to 16 0415C 

P80C550EFA A P83C550EFA A P87C550EFA A -40 to +85, Plastic Leaded Chip Carrier, OTP 3.5 to 16 0403G 

PB7C550EFL KA -40 to +85, Ceramic Leaded Chip Carrier, UV 3.5 to 16 1472A 

P87C550EFF FA -40 to +85, Ceramic Dual In-Line Package, UV 3.51016 0590B 

NOTES: 
1. OTP ~ One lime Programmable EPROM. UV ~ UV Erasable EPROM. 

BLOCK DIAGRAM 

i---------------r-1'u..1.u.Ju.., ,:lliittii;----------------., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
v££.J 
vss I 

.J:I 

PSER 
AlEII'ROO 

ElW .. 
RESET 
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P1.O-P1.7 
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80C550/83C550/87C550 

PIN DESCRIPTION 
PIN NO. 

MNEMONIC DIP LCC TYPE NAME AND FUNCTION 

Vss 20 24 I Ground: OV reference. 

Vee 40 44 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

AVee 1 1 I Analog Power Supply: Analog supply voltage. 

AVss 2 4 I Analog Ground: Analog OV reference. 

Vref+ 2 I Vref: ND converter reference level inputs. Note that these references are combined with AVec and 
Vref- 3 I AVss in the 40-pin DIP package. 

PO.O--O.7 39-32 43-36 1/0 Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low·<>rder address and 
data bus during accesses to external program and data memory. In this application, it uses strong 
intemal pull-ups when emitting 1 s. Port 0 also outputs the code bytes during program verification in 
the S87C550. External pull· ups are required during program verification. 

P 1.0-P 1.7 3--S 5-12 I Port 1: Port 1 is an 8-bit input only port (6-bit in the DIP package; bits Pl.6 and Pl.7 are not 
implemented). Port 1 digital input can be read out any time. 

ADCO-ADC7 3--S 5-12 AOCx: Inputs to the analog multiplexer input of the 8-bit ND. There are only six NO inputs in the 
DIP package. 

P2.O-P2.7 21-28 25-32 1/0 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1 s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that 
are externally being pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: lid. Port 2 emits the high-order address byte during fetches from external 
program memory and during accesses to external data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1 s. During accesses to 
external data memory that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 
special function register. 

P3.O-P3.7 10-17 14-21 1/0 Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that 
are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: lid. Port 3 also serves the special features of the SC80C51 family, as listed below: 

10 14 I RxD (P3.0): Serial input port 
11 15 a TxO (P3.1): Serial output port 
12 16 I IRTlJ (P3.2): External interrupt 
13 17 I IRT1 (P3.3): External interrupt 
14 18 I TO (P3.4): Timer 0 external input 
15 19 I 11 (P3.5): Timer 1 external input 
16 20 a WR" (P3.6): External data memory write strobe 
17 21 a RO (P3.7): External data memory read strobe 

RST 9 13 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal diffused resistor to Vss permits a power-on reset using only an external capacitor to Vee. 

ALEIPFlOO 30 34 I/O Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address 
during an access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE pulse is 
skipped during each access to external data memory. This pin is also the program pulse input 
(Pffim") during EPROM programming. 

l'SE'N 29 33 a Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, l'SE'N is activated twice each machine cycle, 
except that two PSEN activations are skipped during each access to external data memory. l'SE'N is 
not activated during fetches from internal program memory. 

FliNpp 31 35 I External Access EnablelProgramming Supply Voltage: EA must be externally held low to enable 
the device to fetch code from external program memory locations OOOOH to OFFFH. If EA is held 
high, the device executes from internal program memory unless the program counter contains an 
address greater than OFFFH. For the 80C550 ROMless part, EA must be held low for the part to 
operate properly. This pin also receives the 12.75V programming supply voltage (Vpp) during 
EPROM programming. 

XTALI 19 23 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

XTAL2 18 22 a Crystal 2: Output from the inverting oscillator amplifier. 

Decembr 29, 1992 702 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 

Table 1. Interrupt Priorities 

PRIORITY SOURCE VECTOR ADDRESS FUNCTION 

Highest Tfrnj 0OO3H 
TO OOOBH 
TNTf 0013H 
Tl 001BH 
SIO 0023H 
ADC 002BH 

Lowest WD 0033H 

INTERRUPTS 
The interrupt structure is a seven source, two 
level interrupt system similar to that of the 
BOC51. The interrupt sources are listed in 
Table 1 in order of polling sequence priority 
(highest to lowest). Note that the watchdog 
timer function is available only if the 
watchdog timer function is disabled and the 
watchdog timer is used as a general purpose 
timer. 

Interrupt Control Registers 

Extemal interrupt 0 
limerflag 0 
Extemal interrupt 1 
limerflag 1 
Serial port interrupt 
AID conversion complete 
Watchdog timer 

AID CONVERTER 
The analog input circuitry consists of an 
a-input analog multiplexer and an 
analog-to-digital converter with a-bit 
resolution. In the LCC package, the analog 
reference voltage and analog power supplies 
are connected via separate input pins; in the 
DIP package, Vref+ is combined with AVec 
and Vref~ is combined with AVss. The analog 
inputs are alternate functions to port 1, which 
is an input only port. Digital input to port 1 
can be read any time during an AID 
conversion. Care should be exercised in 
mixing analog and digital signals on port 1, 
because cross talk from the digital input 
signals can degrade the AID conversion 
accuracy of the analog input. An AID 
conversion requires 40 machine cycles. 
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register ADAT. The functions of the ADCI and 
ADCSare: 

ADCI ADCS 
o 0 

o 

o 

Operation 
ADC not busy. A conver
sion can be started. 
ADC busy. Start of a new 
conversion is blocked. 
Conversion completed. 
start of new conversion 
is blocked. 
Not possible. 

The interrupt enable and the interrupt priority 
registers have been modified to take into 
account the different interrupt sources of the 
aXC550. In all other respects, their operation 
is identical to that of the BOC51. Selling a bit 
in the I E register enables the interrupt; 
clearing the bit disables the interrupt. All bits 
are cleared by reset. See Figure 1 for 
interrupt register formats. 

SERIAL COMMUNICATIONS 
The serial port operation is identical to that of 
the aOC51. In order to conserve power, 
another bit (SIDL) has been added to the 
PCON register that idles the serial port when 
it is not being used. This bit is cleared by 
reset. See Figure 2. 

The AID converter is controlled by the 
ADCON special function register. The input 
channel to be converted is selected by the 
analog multiplexer by setting ADCON register 
bits, ADDR2~ADDRO (see Figure 3). These 
bits can only be changed when ADCI and 
ADCS are both low. 

An ADC conversion in progress is unaffected 
by a software ADC start. The result of a 
completed conversion remains unaffected 
provided ADCI remains at a logic 1. While 
ADCS is a logic 1 or ADCI is a logic 1, a new 
ADC START will be blocked and 
consequentiy lost. An AID conversion in 
progress will be aborted when the idle or 
power-down mode is entered. The result of a 
completed conversion (ADCI ~ logic 1) 
remains unaffected when entering the idle 
mode, but will be lost if power-down mode is 
entered. 

MSB 

The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register 
and the result is stored in the special function 

INTERRUPT ENABLE REGISTER OE) LSB MSB INTERRUPT PRIORITY REGISTER (IP) LSB 

EA EWDI EAD I ES I En I EX, I ETO I EXO I x I PWD I PAD I ps I PT, I px, I PTo pxo 

BIT 
IE.7 
1E.6 
IE.5 
IE.4 
IE.3 
IE.2 
IE., 
lE.O 

NOTE: 

SYMBOL 
EA 
EWD 
EAD 
ES 
ETl 
EX, 
ETO 
EXO 

FUNCTION 
GLDBAL INTERRUPT DISABLE WHEN EA _ 0 
WATCHDOG TIMER OVERFLOW 
AID COMPLETE 
SIO IN 
TIER, 
EXTE RRUPT, 
TIMER 0 LOW 
EXTERNAL INTERRUPT 0 

The interrupt priority register function is identical to that of the 80C51. A '1' sets that interrupt to the nigh 
priority level and a '0' sets the interrupt to the low priority level. 

Figure 1. Interrupt Registers 
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BIT SYMBOL 
IP.6 PWD 
IP.5 PAD 
IP.4 PS 
IP.3 PTl 
IP.2 PX, 
IP.' PTO 
IP.D PXD 

FUNCTION 
WATCHDOG TIMER 
ND CONVERTER 
SIO INTERRUPT 
T1 INTERRUPT 
NIT INTERRUPT 
TO INTERRUPT 
lI'ITOlNTERRUPT 
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MS8 LSB MSB LSB 

ISMOOI ~DL I x 
I 

X GF' GFD PO IDL I 
lilT SYMBOL FUNCTION INPUTCHA NNEL SELEC110N 

PCON.7 SMOD 
PCON.7 SIDL 
PCON.5 X 

ADDR2 ADDRI ADORO INPUT PIN 
0 0 0 ADCO 

PCONA X 0 0 1 ADCl 
PCON.3 GF1 0 1 0 ADC2 
PCON.2 GFO 
PCON.1 PO 
PCON.O IDl 

0 1 1 ADC3 
1 0 0 AIlC4 
1 0 1 ADC5 
1 1 0 ADC6 
1 1 1 ADC7 

NOTE: 
The PCON register is at SFR byte address B7H. Its contents following 
a reset are OOXXOOOO. lilT SYMBOl. 

ADCON.7 - NOT USED 
NOT USED 
NOT USED 

FUNC110N 

ADCON.6 -
ADCON.5 
ADCONA ADCI 

ADCON.3 ADCS 

ADCON2 ADDR2 
ADCON.l ADDR1 
ADCON.o ADORO 

ADC INTERRUPT FlAG. This flag is set when an ADC conversion 

r~~~!t~~==:=:r~==.I~~~':,~ 
l\bc"'ll'1~t AND STATUS. Sottir!g th~ .,_ an AID convers· 
ion. The lUX k?gic insures that this s.lgna~ hlah while the ADC Is 
~y. On corJ1)kjtlon of the conY8rslon, AOCS ii reset at the same 
~'m.t i !M~~121s set. ADCS cannot be ,..81 by ooftwaJe. 

ANAlOG SELECT 1 
ANALOG SELECT 0 

Figure 2. Power Control Register (PCON) Figure 3. AID Control Register (ADCON) 

WATCHDOG TIMER 
The watch clog timer is not directly loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 

To feed the watchdog, two instructions must 
be sequentially executed successfully. No 
intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog. The instructions should move 
A5H to the WFEED1 register and then 5AH 
to the WFEED2 register. If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset When the watchclog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count If the user does 
not employ the watchclog function, the 
watchclog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag which can be used to generate an 
interrupt. In most other respects, the timer 
mode possesses the characteristics of the 
watchclog mode. This is clone to protect the 
integrity of the watchdog function. 
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The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 
(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 

Programming the Watchdog Timer 
Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchclog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. 11 
the watchdog is masked programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchclog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
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changes from EPROM prototyping to ROM 
coded production parts. 

Watchdog Detailed Operation 

EPROM Device (and ROMless Operation: 
EA=O) 
In the ROMless operation (ROM part, EA = 0) 
and in the EPROM device, the watchclog 
operates in the following manner. 

Whether the watchclog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 

• Watchdog mode bit set to timer mode. 

• Watchdog run control bit set to OFF. 

• Autoload register set to FF (max count). 

• Watchdog time-out flag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watch clog 
(cause an autoload). The watchclog will now 
be starting at a known point. 

11 the watchdog is in the watchclog mode and 
running and happens to underflow at the time 
the external RESET is applied, the watchdog 
time-out flag will be cleared. 
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When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• TImer mode interrupt flag unchanged. 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaier tap unchanged. 

• All other device action same as external 
reset. 

Note that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

The timer mode interrupt flag is cleared when 
the interrupt routine is invoked. This bit can 
also be cleared directly by software without a 
software feed operation. 

Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. If the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation. 

Watchdog Function 
The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
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followed by a 13 stage counter with taps from 
stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 
autoload value of 0 is permissible since the 
prescalcr is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :Iose is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, !MIN is 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAX is the maximum 
time-out value (when the autoload value is 
FFH), tD is the design time-out value. 

tMIN; lose x 12 x64 

tMAX = !MIN x 128 x 256 

10 ; tMIN x 2PRESCALER x W 
(where prescaler ; 0, 1, 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A tMAX will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than tD. (If the watchdog were 
inadvertently to start lrom FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within !MAX). Then the 
value for the prescaler would be chosen from: 

prescaler ; log2 (tMAx i (Iosc x 12 x 256» - 6 

This then also fixes !MIN. An autoload value 
would then be chosen from: 

W = tDitMIN-1 

The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 
(Bit Addressable) Address CO 
The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
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bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 
WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally (see Figure 4). 

The parameters written into WDMOD, PREO, 
PRE1, and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
OSCillator, as shown in the Block Diagram, 
page 701). 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals except the 
AID stay active. the instruction to invoke the 
idle mode is the last instruction executed in 
the normal operating mode before the idle 
mode is activated. An AID conversion in 
progress will be aborted when idle mode is 
entered. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 
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LSO 

WDCON.7 PRE2 
WDCON.6 PRE1 
WDCON.5 PREO 

FUNCTION 
PRESCALER SELECT !READIWRlm 
PRESCALER SELECT READiWRITE 
PRESCAlER SELECT READlWRJ . These bits select the prescaler 
divide ratio according to the followirg table: 

DIVISOR 
PRE2 PRE1 PREO (FROM lose) 
a a 0 12X64 
0 0 1 12X64X2 
0 1 0 12X64X4 
a 1 1 12X64X8 
1 0 0 12X64X16 
1 0 1 12X64X32 
1 1 0 12X64X64 
1 1 1 12X64X 128 

Figure 4. Watchdog Control Register (WDCON) 

Programmable Idle Modes 
The programmable idle modes have been 
dispersed throughout the functional blocks. 
Each block has its own ability to be disabled. 
For example, if timer 0 is not commanded to 
be running (TR ~ 0), then the clock to the 
timer is disabled resulting in an idle mode 
power saving. An additional idle control bit 
has been added to the serial communications 
port. 

AID Operation in Idle Mode 
When in the idle mode, the AID converter will 
be disabled. However, the current through the 
Vref pins will be present and will not be 
reduced internally in either the idle or the 
power-down modes. It is the responsibility of 
the user to disconnect Vref to reduce power 
supply current. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a Reset in the same way as in the BOC51. 
The control bits for the reduced power modes 
are in the special function register PCON. 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 

Table 2. External Pin Status During Idle and Power-Down Modes 

MODE PROGRAM MEMORY ALE PSEfl PORTO 

Idle Internal 1 1 Data 

Idle External 1 1 Float 

Power-down Internal 0 0 Data 

Power-down External 0 0 Float 
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When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. Table 2 shows 
the state of I/O ports during low current 
operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip a-bit microcontroller 
with AID and watchdog timer 

80C550/83C550/87C550 

Encryption Table 
The encryption table is a feature of the 
83C550 and 87C550 that protects the code 
from being easily read by anyone other than 
the programmer. The encryption table is 32 
bytes of code that are exclusive NORed with 
the program code data as it is read out. The 
first byte is XNORed with the first location 
read, the second with the second read, etc. 

After the encryption table has been 
programmed, the user has to know its 
contents in order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 

For the EPROM (87C550) part, the 
encryption table is programmed in the same 
manner as the program memory, but using 
the "Pgm Encryption Table" levels specified in 
Table 4. After the encryption table is 

programmed, verification cycles will produce 
only encrypted information. 

For the ROM part (B3C550) the encryption 
table information is submitted with the ROM 
code as shown in Table 3. 

Lock Bits 
There are two lock bits on the B3C550 and 
87C550 that, when set, prevent the program 
data memory from being read out or 
programmed further. 

After the first lock bit is programmer, the 
external MOVC instruction is disabled, and 
for the B7C550, further programming of the 
code memory or tho encryption table is 
disabled. The other lock bit can of course still 
be programmed. With only lock bit one 
programmed, the memory can still be read 
out for program verification. After the second 
lock bit is programmed, it is no longer 

possible to read out (verify) the program 
memory. 

To program the lock bits for the 87C550, 
repeat the programming sequence using the 
'Pgm Lock Bit" levels specified in Table 4. For 
the masked ROM B3C550 the lock bit 
information is submitted with the ROM code 
as shown in Table 3. 

ROM Code Submission 
When submitting a ROM code for the 
83C550, the following must be specified: 
1. The 4k byte user ROM program. 

2. The 32 byte ROM encryption key. 

3. The ROM lock bits. 

4. The watchdog timer parameters. 

This information can be submitted in an 
EPROM (2764) or hex file with the format 
specified in Table 3. 

Table 3. ROM Code Submittal Requirements 

ADDRESS CONTENT BIT(s) COMMENT 

OOOOH to OFFFH Data 7:0 User ROM data 

1000H to 101FH Key 7:0 ROM encryption key; FFH ~ no encryption 

1020H Lock 0 ROM lock bit 1 

1020H Lock 1 ROM lock bit 2 
o ~ enable security feature 
1 ~ disable security feature 

1030H WMOD 0 Watchdog mode bit; 
OOH ~ timer mode 
01H ~watchdog mode 

1031H PRE2:0 2:0 Watchdog prescaler selection; 
OOH ~ divide by 12 x 64 
07H ~ divide by 12 x 64 x 12B 
(see specification) 

1032H WD 7:0 Watchdog autoload value 
(see specification) 

Decembr 29, 1992 707 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 

Electrical Deviations from Commercial Specifications for Extended Temperature Range 

Product specification 

80C550/83C550/87C550 

DC and AC parameters not included here are the same as in the commercial temperature range table. 

DC ELECTRICAL CHARACTERISTICS 
T rrb - -40°C to +85°C Vec - 5V ±10% (S7C550) Vcc = 5V +20% (80/S3C550) Vss = OV a - - -

TEST LIMITS 

SYMBOL PARAMETER CONDIllONS MIN MAX UNIT 

VIL Input low voltage, except EA -0.5 0.2Vec-O· 15 V 

VIL1 Input low voltage to EA 0 0.2Vcc-O.35 V 

VIH Input high voltage, except XTAL 1, RST O.2Vcc+1 Vec+0.5 V 

VIH1 Input high voltage to XTAL 1, RST 0.7Vec+0.l Vec+D·5 V 

IlL Logical 0 input current, ports 2, 3 VIN =0.45V -75 IIA 
ITL logical l-to-O transition current, ports 2, 3 VIN = 2.0V -750 IIA 
Icc Power supply current: Vcc = 4.5-5.5V, 

Active mode 35 rnA 
Idle mode 

Frequency range = 
6 rnA 

Power down mode 
3.5 to 16MHz 50 IIA 

ADC DC ELECTRCIAL CHARACTERISTICS 
AVec = 5V +10% AVss = OV Tarrb =-40°C to 85°C unless otherwise specified -

TEST LIMITS 

SYMBOL PARAMETER CONDIllONS MIN MAX UNIT 

AVec Analog supply AVec = Vcc ± 0.2 4.5 5.5 V 

Vre! Analog reference; AVref+ AVre!- AVss-0.2 AVec +0.2 V 

Alec Analog operating supply current See note 1 3.0 rnA 

AVIN Analog input voltage AVss-0.2 AVec + 0.2 V 

Ale, CIA Analog input capacitance 15 pF 

tAOS Sampling time Stcv 

tADC Conversion time 40lcv 

Ae Absolute voltage error ±1.5 LSB 

ERA Relative accuracy ±1 lSB 

oSe Offset error See note 1 ±10 mV 

Ge Gain error See note 1 0.4 % 

MeTC Channel-to-channel matching ±1 LSB 

Ct Crosstalk o -100kHz ~O dB 

Rref Resistance between AVref+ and AVref- 1.0 10.0 KQ 

Allo Idle mode supply current See note 4 50 IIA 
Alpo Power down supply current See note 4 50 IIA 

NOTES: 
1. Conditions; Vref+ = 4.99712V, Vref- = OV. Alcc value does not include the resistor ladder current. For the 40-pin package, where the Vref

inputs are connected to AVec and AVss , the current Alec will be increased by the register ladder current and may exceed the maximum 
shown here. 

2. The resistor ladder network is not disconnected in the power-down or idle modes. Thus to conserve power, the user must remove AVcc and 
Vref+. 

3. If the AID function is not required, or if the AID function is only needed periodically, AVcc can be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. Digital inputs Pl.0 to Pl.7will not function normally. No 
digital outputs are present on these pins. 

4. For this test, the Analog inputs must be at the supplies (either Voo or Vss). 
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ABSOLUTE MAXIMUM RATINGS1.2. 3 

PARAMETER RATING UNIT 

Operating temperature under bias -40 to +85 °C 

Storage temperature range --S5 to +150 °C 

Voltage on ~pp pin to Vss (87C550 only) Oto+13.0 V 

Voltage on any other pin to Vss -0.5 to +6.5 V 

Input, output current on any two 1/0 pins ±10 rnA 

Power dissipation (based on package heat transfer limitations, not device power consumption) 1.5 W 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to V ss unless otherwise 
noted. 

DC ELECTRICAL CHARACTERISTICS 
Tarrb = O°C to +70°C or -40°C to +85°C, Vee = SV ±10% (87CS50), Vec = SV +20% (80/83CSSO), Vss = OV -

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT 

VIL Input low voltage, except 8V -O.S 0.2Vec-O·l V 

VIL1 Input low voltage to 8V 0 0.2Vcc-O.3 V 

VIH Input high voltage, except XTAL 1, RST7 0.2Vee+0.9 Vee+0.5 V 

VIH1 Input high voltage, XTAL 1, RST7 O. 7Vee Vee+0.5 V 

VOL Output low voltage, ports 2, 3 IOL = I.SmA2 0.45 V 

VOL1 Output low voltage, port 0, ALE, PSElII 10L = 3.2mA2 O.4S V 

VOH Output high voltage. ports 2, 3, ALE, PSEJII3 10H=~IlA, 2.4 V 
10H = -251lA 0.7SVcc V 
10H = -101lA D.9Vee V 

VOH1 Output high voltage (port 0 in external bus mode) 10H = -8oollA, 2.4 V 
10H = -3oollA 0.75Vce V 
10H =-80fJ.A 0.9Vcc V 

IlL Logical 0 input current, ports " 2, 37 VIN =0.45V -50 fJ.A 
ITL Logical 1-10-0 transition current, ports " 2, 37 See note 4 -650 fJ.A 
III Input leakage current, port 0 VIN = VIL or VIH ±1O fJ.A 
Icc Power supply current (does not include Alcc):7 See note 6 

Active mode@ 16MHzs 11.5 25 rnA 
Idle mode@ 16MHz 1.3 5 rnA 
Power down mode 3 50 fJ.A 

RRST Internal reset pull-down resistor 50 300 kQ 

CIO Pin capacitance (1/0 pins only) 10 pF 
NOTES: 
1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed O.8V In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input 

3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSElII to momentarily fall below the O.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 2 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V 

5. IccMAX at other frequencies is given by: Active mode; IccMAX = 1.43 x FREO + 1.90: Idle mode; lee MAX =0.14 x FREO +2.31, 
where FREQ is the external oscillator frequency in MHz. IccMAX is given in rnA. See Figure 12. 

6. See Figures 13 through 16 for Icc test conditions. 
7. These values apply only to Tamb = OOG to +70oG. For Tamb = -40°C to +85°C. See table on previous page. 
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AC ELECTRICAL CHARACTERISTICS 
Tamb ~ O°C to +70°C or -40°C to +85°C Vcc ~ 5V +10% (87C550), VCC ~ 5V ±2O% (80/83C550), Vss; OV', 2 -

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/teLCL 5 Oscillator frequency: Speed Versions 
S8XC550 Exx 3.5 16 MHz 

tLHLL 5 ALE pulse width 85 21cLcL-40 ns 

tAvLl 5 Address valid to ALE low 7 IcLCl-55 ns 

tllAX 5 Address hold after ALE low 27 IcLCl-35 ns 

It.LlV 5 ALE low to valid instruction in ISO 4telCl-l00 ns 

It.lPl 5 ALE low to PSEN low 22 telCl-40 ns 

tplPH 5 PSEN pulse width 142 3teLCl-45 ns 

tpLiV 5 PSEN low to valid instruction in 82 31cLcl-l05 ns 

tpXIX 5 Input instruction hold after PSEfiI 0 0 ns 

tPXIZ 5 Input instruction float after PSEfiI 37 telCl-25 ns 

tAVIV 5 Address to valid instruction in 207 51cLcl-l05 ns 

tplAZ 5 PSEfillow to address float 10 10 ns 

Data Memory 

tRlRH 6,7 RU pulse width 275 6telCl-l00 ns 

tWlWH 6,7 WR pulse width 275 61cLcl-l00 ns 

tRlDV 6,7 RU low to valid data in 212 5telCl-165 ns 

tRHDX 6,7 Data hold after RU 0 0 ns 

tRHDZ 6,7 Data float after RU 55 2tclCl-70 ns 

It.LOV 6,7 ALE low to valid data in 350 8teLCl-t50 ns 

tAvDV 6, 7 Address to valid data in 397 9telCl-165 ns 

tllWl 6, 7 ALE low to RU or WR low 137 247 3telCl-50 3telCl +50 ns 

tAVWl 6, 7 Address valid to WR low or RU low 120 41cLcl-130 ns 

tavwx 6, 7 Data valid to WR transition 12 telcl-50 ns 

tWHOX 6,7 Data hold after WR 12 telCl-SO ns 

tRlAZ 6,7 RU law to address float 0 0 ns 

tWHlH 6,7 RU or WR high to ALE high 22 102 IcLCl-40 telCl +40 ns 

External Clock 

teHCX 9 High time 20 20 ns 

telCX 9 Low time 20 20 ns 

telCH 9 Rise time 20 20 ns 

IcHCl 9 Fall time 20 20 ns 

Shift Register 

tXLXl 8 Serial port clock cycle time 1.0 12lclCl fls 

toVXH 8 Output data setup to dock rising edge 492 10lclCl -133 ns 

tXHOX 8 Output data hold after clock rising edge 8 21clCl-117 ns 

tXHDX 8 Input data hold after dock rising edge 0 0 ns 

tXHDV 8 Clock rising edge to input data valid 492 10telCl -133 ns 
NOTES. 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSEN ; 100pF, load capacitance for all other outputs; 80pF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 'r (: time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - T'Srn 

ALE 

PORTO 

PORT 2 

a - Output data 
R - lmsignal 
t - Time 
V - Valid 
W- WRsignai 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL: Time for address valid 

to ALE low. 
ItLPL : Time for ALE low to 

T'Srnlow. 

Product specification 

80C550/83C550/87C550 

M-A7 

Figure 5. External Program Memory Read Cycle 

ALE 

tWHLH 

~-------t~Dv--------~'1 
t~WL ---+l_----- tRLRH -------+l 

~--------------~------~ 

PORTO DATAIH M-A7 FROMPCL INSTRIN 

PORT 2 P2.G-P2. 7 OR All-A15 FROM DPF M-A15 FROM PCH 

Figure 6. External Data Memory Read Cycle 

Decembr 29, 1992 711 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 

ALE 

tLLWl ---1--- tWlWH ---~ 

vm __________ ~--------~ 

Iovwx 

PORTO DATA OUT 

PORT 2 P2.G-P2.7 OR AB-A15 FROII DPF 
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tWHLH-

~------------------

N>-A7 FRail PCl INSTRIN 

AD-A15 FRail PCH 

Figure 7. External Data Memory Write Cycle 

INSTRUCTION o 5 8 

ALE 

CLOCK 

OUTPUT DATA , t ' 
WRITE TO SBUF 

INPUT DATA 

~ 
ClEARRI 

SETRI 

Figure 8. Shift Register Mode TIming 
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VCC--Q.5 

O.4SV 

NOTE, 

=X0.2VCC..o •• 

0.2VCc;-<l·1 

VC~.5 

O.4SV 
O.7Vcc 

O.2VSS-O·l 

Figure 9. External Clock Drive 

>C VLOAO..o·1V 

VLOAD 

VLOAo-O·1V 

NOTE, 

, liming 
/ VoorD·1V 

Reference 
¥ Points ""- VOl+O·1V 

AC inputs during testing are driven at Vee -O.S for a logic '1' and O.4SV for a logic '0', Fa timing purposes. a port is no longer floating when a l00mV change from load 

Timing measurements are made at VIH min for a logic ',. and VIL for a logic '0'. voltage occurs, and begins to float when a 100mV change from the loaded VOH' 

Figure 10. 

Decembr 29. 1992 

VOL leye! occurs. IOH/IoL 2.±.20mA. 

AC Testing Input/Output Figure 11. 

30 

25 

'cernA 20 

15 

10 

r-----t-----t-----r---~ MAX ACTIVE MODE 

r-----t-----h''---t---...,..f TYP ACTIVE MODE 

MAX IDLE MODE 

--, __ -. TYP IDLE MODE 

4MHz 8MHz 12MHz 16MHz 

FREQ at XTAl1 

Figure 12. Icc vs. FREQ (Commercial Temp. Range) 
Valid only within frequency specifications 

of the device under test 

713 

Float Waveform 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 
with AID and watchdog timer 

80C550/83C550/87C550 

vee 

vcc Vee 
Vcc RST 

RST 
PO PO 

u: - u: 
(NC) XTAU (NC) XTAU 

CLOCK SIGNAL XTAL1 CLOCK SIGNAL XTAL1 -

1 
Vss Vss 

Figure 13. Icc Test Condition, Active Mode 
All other pins are disconnected 

Figure 14. Icc Test Condition, Idle Mode 
All other pins are disconnected 
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VCc-O-5 - - - - '-O.7V=-ee"""'" 

O.45V O.2V~.1 1'---'1 

IcLCL 

Figure 15. Clock Signal Waveform for lee Tests in Active and Idle Modes 
tCLcH = IcHCL = 5ns 

RST 

- u: 
(NC) XTAL2 

XTAL1 -
vss 

Figure 16. Ice Test Condition, Power Down Mode 
All other pins are disconnected. 

Vee = 2V to 5.5V. 
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EPROM CHARACTERISTICS 
The B7C550 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEIF'ROO pulses. 

The B7C550 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
S87C550 manufactured by Philips. 

Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 17 and 18. Figure 19 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 17. Note that 
the 87C550 is running with a 4to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 2 and 3, as 
shown in Fig ure 17. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEliI and pins of ports 1 and 2 
specified in Table 4 are held at the 'Program 
Gode Data' levels indicated in Table 4. The 
ALEIF'ROO is pulsed low 25 times as shown 
in Figure 18. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH. using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed. 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bir levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the EJiNpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 2 and 3 as shown in 
Figure 19. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 4. EPROM Programming Modes 

MODE RST P5ER ALEIJ5ROO aNpp P2.7 

Read signature 1 a 1 1 0 

Program code data 1 0 O· Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O· Vpp 1 

Pgm security bit 1 1 0 o· Vpp 1 

Pgm security bit 2 1 0 o· Vpp 1 
NOTES. 
1. '0'; Valid low for that pin, '1' ; valid high for that pin. 
2. Vpp ; 12.75V ±O.25V. 
3. Vee; 5V±10% during programming and verification. 
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Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031H, exceptthat Pl.0 
and P 1.1 need to be pulled to a logic low. The 
values are: 
(030H); 15H indicates manufactured by 

Philips 
(031 H) ; 96H indicates S87C550 

ProgramlVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended thaI an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcrn2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 

P2.6 Pl.l Pl.0 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

ALE/'PROO receives 25 programming pulses while Vpp is held at 12. 75V. Each programming pulse is low for 100J-lS (±IOIlS) and high for a 
minimum of 10J-lS. 

T"Trademark phrase of Intel Corporation. 
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AG-A7 P3 

RST 

P1.0 

P1.1 87C550 

XTAL2 

XTAL1 

AVss 

Vss 

AVec 
Vcc 

PO 

EJWpp 

ALEIPROC 

PSEII 

P2.7 

P2.6 

P2.O-P2.4 

Figure 17. Programming Configuration 
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PGMDATA 

+12.7SV 

25 100,," PULSES TO GROUND 

Aa-Al1 

~1~~----------------------25PU~ES --------------------------~ 

ALEII'I!(lG; 

10,," WN ~ 11.<------- l00i!S± 10'--------~.1 
AlEiPRtm: °LI ____________ ~rlL __________ ~rl~ __ _ 

Figure 18. PROO Waveform 

+5V 

AVce 
vee 

AD-A7 P3 PO PGMData 

RST EJWpp 

Pl.O ALEiI'RllG 

Pt.1 87e5SO PSEII 

XTAL2 P2.7 o DilIIIl:E 

P2.6 

XTAL1 P2.G--P2.4 AS-All 

AVss 
Vss 

Figure 19. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb ~ 21°C to +27°C, Vee ~ 5V±10%, VSS ~ OV (See Figure 20) 

SYMBOL 

Vpp 

Ipp 

l/tcLCL 

tAVGL 

toHAX 

toVGL 

toHDX 

tEHsH 

IsHGL 

toHSL 

toLGH 

tAvav 

~Laz 

tEHaz 

toHGL 

P3.O-P3.7 
P2.D-P2.4 

PORTo 

ALEll'ROO 

ElINpp 

P2.7 
E!rolIT 

PARAMETER MIN 

Programming supply voltage 12.5 

Programming supply current 

Oscillator frequency 4 

Address setup to PROO low 48lcLcL 

Address hold after PROO 48tcLCL 

Data setup to PROO low 48tcLCL 

Data hold after PROO 48tcLCL 

P2.7 (E1iIABIT) high to Vpp 4BlcLcL 

Vpp setup to PROO low 10 

Vpp hold after PROO 10 

PROOwidth 90 

Address to data valid 

EI'JAB[E low to data valid 

Data float after EfiJABCE 0 

PROO high to PROO low 10 

PROGRAUPtlNG* 

ADDRESS 

~ 

DATA IN 

tDVGL - i-- --> - tGHDX 

tAVGL ~ ~ IGHAX 

~ r\ 
~LGH -+- i'- --to :.. IGHGL 

tSHGl ...... tGHSl 

/ 
/ 

'" lOGIC , 

lOGIC 0 ---_ ............. -- ... _-----_ .... _---_ .......... -----_ .. _-
t EHSH tElQV 

• FOR PROGRAMMING VERIFICATION, SEE FK3URE 17. 
FaR VERIFICATION CONDITIONS, SEE FIGURE 19. 
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MAX UNIT 

13.0 V 

50 mA 

6 MHz 

f's 

f'S 

110 f's 

4BtcLCL 

48tcLcL 

4BlcLcL 

f's 

VERIACATION* 

ADDRESS 

f.- tAVQV 

DATA OUT 

lOGIC' 

----------- --_ ... _---- ... - .. 
tEHQZ 

.. 'I 

Figure 20. EPROM Programming and Verification 
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8XC552 OVERVIEW 
The 8XC552 is a stand-alone 
high-performance microcontroller designed 
for use in real-time applications such as 
instrumentation, industrial control, and 
automotive control applications such as 
engine management and transmission 
control. The device provides, in addition to 
the 8OC51 standard functions, a number of 
dedicated hardware functions for these 
applications. 

The 8XC552 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 8OC51 
microcontroller family. The axC552 uses the 
powerful instruction set of the 80C51. 
Additional special function registers are 
incorporated to control the on-chip 
peripherals. Three versions of the derivative 
exist although the generic tann "8XC552" is 
used to refer to family members: 

83C552: 8k bytes mask-programmable 
ROM, 256 bytes RAM 

87C552: 8k bytes EPROM, 256 bytes RAM 

80C552: ROMless version of the 83C552 

The 8XC552 contains a nonvolatile 8k x 8 
reacklnly program memory, a volatile 256 x 8 
readlwrite data memory, five 8-bitllO ports 
and one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 8OC51), an additional 16-bit timer coupled 
to capture and compare latches, a 
fifteen-source, two-priority-Ievel, nested 
interrupt structure, an 8-input ADC, a dual 
DAC pulse width modulated interface, two 
serial interfaces (UART and 12C bus), a 
"watchdog" timer, and on-chip oscillator and 
timing circuits. For systems that require extra 
capability, the 8XC552 can be expanded 
using standard TTL compatible memories 
and logic 

The 8XC552 has two software selectable 
modes of reduced activity for further power 
reduction-Idle and Power-down. The idle 
mode freezes the CPU and resets Timer T2 
and the ADC and PWM circuitry but allows 
the other timers, RAM, serial ports, and 
interrupt system to continue functioning. The 
power-down mode saves the RAM contents 
but freezes the oscillator, causing all other 
chip functions to become inoperative. 

March 1993 

83C562 OVERVIEW 
The 83C562 has been derived from the 
8XC552 with the following changes: 

• The Sial (120) interface has been omitted. 

• The output of port lines P1.6 and Pl.7 
have a standard configuration instead of 
open drain. 

• The resolution of the AID converter is 
decreased from 10 bits to 8 bits. 

• The time of an AID conversion has 
decreased from 50 machine cycles to 24 
machine cycles. 

All other functions, pinning and packaging are 
unchanged. 

This chapter of the users' guide can be used 
for the 830562 by omitting or changing the 
following: 

• Disregard the description of Sial (12C). 

• The SFRs for the interface: SlADR, 
SlOAT, SlSTA, and SlCON are not 
implemented. The two Sial related flags 
ESl in SFR IENO and PS1 in SFR IPO are 
also not implemented. These two flag 
locations are undefined after RESET. The 
interrupt vector for Sial is not used. 

• Port lines Pl.6and Pl.7 are not open drain 
but have the same standard configuration 
and electrical characteristics as P 1 .O-P 1.5. 
Port lines Pl.S and Pl. 7 have alternative 
functions. 

• The AID converter has a resolution of 8 bits 
instead of 10 bits and consequenUy the two 
high-order bits 6 and 7 of SFR ADCON are 
not implemented. These two locations are 
undefined after RESET. The 8-bit resu~ of 
an AID conversion is present in SFR 
ADCH. The result can always be calculated 
from the formula: 

256 x VIN-AV,of
AV'e/+ -AVre/_ 

The AID conversion time is 24 machine 
cycles instead of 50 machine cycles, and 
the sampling time is 6 machine cycles 
instead of 8 machine cycles. The 
conversion time takes 3 machine cycles 
per bit. 

• The serial 110 function Sioo and its SFRs 
SOBUF and SOCON are renamed to SIO, 
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SBUF, and SCaN. The interrupt related 
flags ESO and PSO are renamed ES and 
PS. Interrupt source SO is renamed S. The 
serial 110 function remains the same. 

Differences From the 8OC51 

Program Memory 
The 8XC552 contains 8k bytes of on-chip 
program memory which can be extended to 
64k bytes with external memories (see 
Figure 1). When the at pin is held high, the 
8XC552 fetches instructions from internal 
ROM unless the address exceeds 1 FFFH. 
Locations 2000H to FFFFH are fetched from 
extemal program memory. When the at pin 
is held low, all instruction fetches are from 
extemal memory. ROM locations 0003H to 
0073H are used by interrupt service routines. 

Data Memory 
The internal data memory is divided into 3 
sections: the lower 128 bytes of RAM, the 
upper 128 bytes of RAM, and the 128-byte 
special function register areas. The lower 128 
bytes of RAM are directly and indirectly 
addressable. While RAM locations 128 to 255 
and the special function register area share 
the same address space, they are accessed 
through different addressing modes. RAM 
locations 128 to 255 are only indirecUy 
addressable, and the special function 
registers are only direcUy addressable. All 
other aspects of the internal RAM are 
identical to the 8051. 

The stack may be located anywhere in the 
internal RAM by loading the 8-bit stack 
pointer. Stack depth is 256 bytes maximum. 

Special Function Registers 
The special function registers (direcUy 
addressable only) contain all of the 8XC552 
registers except the program counter and the 
four register banks. Most of the 56 special 
function registers are used to control the 
on-chip peripheral hardware. Other registers 
include arithmetic registers (ACC, B, PSW), 
stack pointer (SP), and data pointer registers 
(DHP, DPL). Sixteen of the SFRs contain 128 
direcUy addressable bit locations. Table 14 
lists the 8XC552's special function registers. 

The standard 8OC51 SFRs are present and 
function identically in the 8XC552 except 
where noted in the following sections. 
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(FFFFH) 64k 

External! 

(2000H) 81 •• 

A Overlapped 

{ \ 
Space 

(IFFFH) 8'" 

(FFH) .55 

Internal External I (nId) (EX = 0) 

(OOOOH) 0 

\,. 
-v--

Program Memory 

TimerT2 
Timer T2 is a 16-bit timer consisting of two 
registers TMH2 (HIGH byte) and TML2 (LOW 
byte). The 16-bit timer/counter can be 
switched off or clocked via a prescaler from 
one of two sources: fosc/I2 or an external 
signal. When Timer T2 is configured as a 
counter, the pre sealer is clocked by an 
external signal on T2 (PI.4). A riSing edge on 
T2 increments the prescaler, and the 
maximum repetition rate is one count per 
machine cycle (I MHz with a 12MHz 
oscillator). 

The maximum repetition rate for Timer T2 is 
twice the maximum repetition rate for Timer a 
and Timer I. T2 (P1.4) is sampled at S2PI 
and again at S5PI (i.e., twice per machine 
cycle). A rising edge is detected when T2 is 
LOW during one sample and HIGH during the 
next sample. To ensure that a rising edge is 
detected, the input signal must be LOW for at 
least 112 cycle and then HIGH for at least 112 
cycle. If a rising edge is detected before the 
end of S2PI, the timer will be incremented 
during the following cycle; otherwise it will be 
incremented one cycle later. The prescaler 
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(7FH) 127 - - - - - - -

Internal 
Data RAM 

(DOH) 0 

.I \,. -...r 
Internal 

Data Memory 

Figure 1. Memory Map 

has a programmable division factor of I, 2, 4, 
or 8 and is cleared if its division factor or 
input source is changed, or if the 
timer/counter is reset. 

Timer T2 may be read "on the fly" but 
possesses no extra read latches, and 
software precautions may have to be taken to 
avoid misinterpretation in the event of an 
overflow from least to most significant byte 
while Timer T2 is being read. Timer T2 is not 
loadable and is reset by the RST signal or by 
a rising edge on the input signal RT2, if 
enabled. RT2 is enabled by setting bit T2ER 
(TM2CON.5). 

When the least significant byte of the timer 
overflows or when a 16-bit overflow occurs, 
an interrupt request may be generated. Either 
or both of these overflows can be 
programmed to request an interrupt. In both 
cases, the interrupt vector will be the same. 
When the lower byte (TML2) overflows, flag 
T2BO (TM2CON) is set and flag T20V 
(TM2IR) is set when TMH2 overflows. These 
flags are set one cycle after an overflow 
occurs. Note that when T20V is set, T2BO will 
also be set. To enable the byte overflow 
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(FFFFH) 64k 

Special 

J 
FlMlCtion 
Regiatera 

(OOOOH)O 

/ '-y-J 
Extemal 

Data Memory 

interrupt, bits ET2 (IENI.7, enable overflow 
interrupt, see Figure 2) and T21SO 
(TM2CON.6, byte overflow interrupt select) 
must be set. Bit TWBO (TM2CONA) is the 
Timer T2 byte overflow flag. 

To enable the 16-bit overflow interrupt, bits 
ET2 (IEI.7, enable overflow interrupt) and 
T21S1 (TM2CON.7, 16-bit overflow interrupt 
select) must be set. Bit T20V (TM21R. 7) is 
the Timer T2 16-bit overflow flag. All interrupt 
flags must be reset by software. To enable 
both byte and 16-bit overflow, T21SO and 
T21S1 must be set and two interrupt service 
routines are required. A test on the overflow 
flags indicates which routine must be 
executed. For each routine, only the 
corresponding overflow flag must be cleared. 

Timer T2 may be reset by a rising edge on 
RT2 (P1.5) if the Timer T2 external reset 
enable bit (T2ER) in T2CON is set. This reset 
also clears the prescaler. In the idle modo, 
the timer/counter and prescaler are reset and 
halted. Timer T2 is controlled by the 
TM2CON special function register (see 
Figure 3). 
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Table 1. 8XC552 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

ACC" Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

ADCH# AID converter high C6H xxxxxxxxB 

ADCON# Adccontrol C5H ADC.l I ADC.O I ADEX I ADCI I ADCS I MDR2 I MDRl I MDRO xxOOOOOOB 

B" B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

CTCON# Capture control EBH CTN3 I CTP3 I CTN2 I CTP2 I CTNl I CTPl I CTNO I CTPO OOH 

CTH3# Capture high 3 CFH xxxxxxxxB 
CTH2# Capture high 2 CEH xxxxxxxxB 
CTH1# Capture high 1 COH xxxxxxxxB 
CTHO# Capture high 0 CCH xxxxxxxxB 
CMH2# Compare high 2 CBH OOH 
CMH1# Compare high 1 CAH OOH 
CMHO# Compare high 0 C9H OOH 
CTL3# Capture low 3 AFH xxxxxxxxB 
CTL2# Capture low 2 AEH xxxxxxxxB 
CTL1# Capture low 1 AOH xxxxxxxxB 
CTLO# Capture low 0 ACH xxxxxxxxB 
CML2# Compare low 2 ABH OOH 
CML1# Compare low 1 MH OOH 
CMLO# Compare low 0 A9H OOH 

DPTR: Data pointer 
(2 bytes) 

DPH Data pointer high B3H OOH 
DPL Data pointer low 82H OOH 

AF AE AD AC AB M A9 AB 

IENO"# Interrupt enable 0 ABH EA I EAO I ESl I ESO I En I EXl I ETO I EXO OOH 

EF EE ED EC EB EA E9 EB 

IEN1"# Interrupt enable 1 EBH ET2 I ECM2 I ECMl I ECMO I ECT3 I ECT2 I ECTl I ECTO OOH 

BF BE BD BC BB SA B9 BB 

IPO"# Interrupt priority 0 BBH - I PAD I PSl I PSO I pn I PXl I PTO I PXO xOOOOOOOB 

FF FE FO FC FB FA F9 FB 

IP1"# Interrupt priority 1 F8H PT2 I PCM2 I PCMl I PCMO I PCT3 I PCT2 I PCTI I PCTO OOH 

P5# Port 5 C4H ADC7 I ADC6 I ADC5 I ADC4 I AOC3 I ADC2 I ADCl I ADCO xxxxxxxxB 

C7 C6 C5 C4 C3 C2 Cl CO 

P4# Port 4 COH CMTI I CMTO I CMSR5 I CMSR4 I CMSR3 I CMSR2 I CMSRI I CMSRO FFH 

B7 B6 B5 B4 B3 B2 Bl SO 

P3" Port 3 SOH mimi n I TO I INTI I Tfrnj I TXD I RXD FFH 

A7 A6 A5 A4 A3 A2 Al AO 

P2" Port 2 AOH A15 I A14 I A13 I A12 I All I Al0 1 A9 I AB FFH 

97 96 95 94 93 92 91 90 

PI" Port 1 90H SDA I SCL I RT2 I T2 I CT31 I CT21 I CTll I CTOI FFH 

87 B6 B5 84 B3 B2 Bl BO 

PO' PortO BOH AD7 I A06 I AD5 I AD4 I AD3 I AD2 I ADl I ADO FFH 

PCON# Power control 87H SMOOI - I - I WLE I GFI I GFO I PO I IDL OOxxOOOOB 

07 D6 05 D4 03 D2 Dl DO 

PSW" Program status word DOH CY I AC I FO I RSl I RSO I ov I Fl I P OOH 

" SFRs are bit addressable. 
# SFRs are modified from or added to the BOC51 SFRs. 
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Table 1. 8XC552 Special Function Registers (Continued) 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

PWMP# PWM prescaler FEH OOH 
PWM1# PWM register 1 FDH OOH 
PWMO# PWM register 0 FCH OOH 

RTE# Reset/toggle enable EFH TP47 I TP46 I RP45 I RP44 I RP43 I RP42 I RP41 I RP40 OOH 

SP Stack pointer 81H 07H 

SOBUF Serial 0 data buffer 99H xxxxxxxxB 

9F 9E 9D 9C 9B 9A 99 98 

SOCON' Serial 0 control 98H SMO 1 SM1 1 SM2 1 REN 1 TBB 1 RB8 1 TI 1 RI OOH 

S1ADR# Serial 1 address DBH SLAVE ADDRESS I GC OOH 

SIDAT# Serial 1 data DAH OOH 

S1STA# Serial 1 status D9H SC41 SC31 SC2 J SCl 1 sco J 0 1 0 1 0 F8H 

DF DE DD DC DB DA D9 DB 

SICON#* Serial 1 control D8H CR2 I ENSl J STA I STO I SI I AA 1 CR1 J CRO OOH 

STE# Set enable EEH TG47 I TG46 I SP45 I SP44 I SP43 I SP42 I SP41 I SP40 COH 

THl limer high 1 BDH OOH 
THO limer high 0 aCH OOH 
TLl limer low 1 aBH OOH 
TLO limer low 0 8AH OOH 
TMH2# limer high 2 EDH OOH 
TML2# limer low 2 ECH OOH 

TMOD limermode B9H GATE 1 ciT 1 Ml J MO J GATE 1 CiT J Ml 1 MO OOH 

aF BE 8D BC 8B 8A 89 88 

TCON' limer control a8H TFl -' TRl J TFO l TRO I IEl I III J lEO J ITO OOH 

TM2CON# limer 2 control EAH T21S1 I T21S0 I T2ER J T280 1 T2Pl J T2PO J T2MSl J T2MSO OOH 

CF CE CD CC CB CA C9 ca 

TM2IR# limer 2 int flag reg CaH T20V I CMI2 I CMll I CMIO I CTI3 I CTI2 I CTll I CTIO OOH 

T3# limer3 FFH OOH 

SFRs are bit addressable. 
# SFRs are modified from or added to the aOC51 SFRs. 

IENI (EBH ET2 ECM21 ECM11 ECMIl I Ecn Ecnl ECT1 I EeTa 

(MSB) (LSB) 

Bit Symbol Function 

IEN1.1 ET2 Enable Timer T2 overflow interrupt(s) 

IENI •• ECM2 Enable T2 Comptrator 2 intelTupt 

IEN1.5 ECMI Enable T2 Comparator 1 interrupt 

IEN1.4 ECMO Enable T2 Comparator 0 intemJPt 

IEN1.3 ECT3 Enable T2 C8pue register 3 interrupt 

IEN1.2 ECT2 Enable 12 Capture register 2 interrupt 

IEN1.1 ECn Enable 12 Capture register 1 interrupt 
IEN1.0 ECTO Enable T2 Capture register 0 interrupt 

Figure 2. Timer T21nterrupt Enable Register (IEN1) 
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l1oI2CON 

(EAH) 

T2I51 

(MSB) 

Bit 

TM2CON.7 

TM2CON.6 

TM2CON.5 

TM2CONA 

TM2CON.3 

TM2CON.2 

TM2CON.l 

TM2CQN.2 

limerT2 Extension: When a 12MHz 
oscillator is used, a 16-bit overflow on Timer 
T20ccurs every 65.5, 131,262, or 524 ms, 
depending on the prescaler division ratio; Le., 
the maximum cycle time is approximately 0.5 
seconds. In applications where cycle times 
are greater than 0.5 seconds, it is necessary 
to extend Timer T2. This is achieved by 
selecting fosc/12 as the clock source (set 
T2MSO, reset T2MSI), setting the prescaler 
division ration to 1/8 (set T2PO, set T2PI), 
disabling the byte overflow interrupt (reset 
T2ISO) and enabling the 18-bit overflow 
interrupt (set T2ISI). The following software 
routine is written for a three-byte extension 
which gives a maximum cycle time of 
approximately 2400 hours. 

OVINT: PUSH 
PUSH 
INC 

MOV 
JNZ 
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ACC ;save accumulator 
PSW ;save status 
TIMEXI ;increment first 

;byte (low order) 
;of extended timer 

A,TIMEXI 
INTEX ;jump to INTEX if 

;there is no 
;overflow 

8XC5521562 overview 

6 

T21SO T2ER T2BO T2Pl T2PO I T2MSl I T2MSO I 
(LSB) 

Symbol Function 

T2tSl Timer T216-bit overflow Interrupt select 

T21SO Timer 12 byte overflow interrupt aeIect 

T2ER Timer 12 edema' reset enable. When this bit is 
set, Timer 12 may be reset by • rising edge on 
RT2(Pl.5~ 

T2BO Timer T2 byte overflow interrupt flag 

T2Pl } 
T2PO 

Timer T2 preacaler select 

T2Pl T2PO Timer T2 Clock 

0 0 ClocksolH'ce 

0 1 Clock eourcel2 

1 0 Clock sourceJ4 
1 1 Clock sourcef8 

T2MSl } 
T2MSO Timer T2 mode select 

T2MSl T2MSO Mode Selected 

0 0 Timer 12 halted (off) 

0 1 12 clock source = foacf12 
1 0 Teat mode; do not U8e 

1 1 T2 clock source = pin T2 

Figure 3. T2 Control Register (TM2CON) 

INC TIMEX2 ;increment second 
;byte 

MOV A,TIMEX2 
JNZ INTEX ;jump to INTEX if 

;there is no 
;overflow 

INC TIMEX3 ;increment third 

INTEX: CLR 

POP 
POP 

RETI 

T20V 

PSW 
ACC 

;byte (high order) 

;reset interrupt 
;flag 
;restore status 
;restore 
accumulator 
;return from 
;interrupt 

Timer T2, Capture and Compare Logic: 
Timer T2 is connected to four 16-bit capture 
registers and three 16-bit compare registers. 
A capture register may be used to capture 
the contents of Timer T2 when a transition 
occurs on its corresponding input pin. A 
compare register may be used to set, reset, 
ar toggle port 4 output pins at certain 
pre-programmable time intervals. 
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The combination of Timer T2 and the capture 
and compare logic is very powerful in 
applications involving rotating machinery, 
automotive injection systems, etc. Timer T2 
and the capture and compare logic are shown 
in Figure 4. 

Capture Logic: The four 16-bit capture 
registers that Timer T2 is connected to are: 
CTO, CTI, CT2, and CT3. These registers 
are loaded with the contents of Timer T2, and 
an interrupt is requested upon receipt of the 
input signals CTOI, CTII, CT21, or CT31. 
These input signals are shared with port I. 
The four interrupt flags are in the Timer T2 
interrupt register (TM2IR special function 
register). If the capture facility is not required, 
these inputs can be regarded as additional 
external interrupt inputs. 

Using the capture control register CTCON 
(see Figure 5), these inputs may capture on a 
rising edge, a falling edge, or on either a 
rising or falling edge. The inputs are sampled 
during SIPI of each cycle. When a selected 
edge is detected, the contents of Timer T2 
are captured at the end of the cycle. 
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R 

R 

R 

T 

T 

RTE 
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P4.0 

P4.1 
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P4.3 

P4A 

P4.S 

PO.6 

P4.7 

Measuring Time Intervals Using Capture 
Registers: When a recurring external event 
is represented in the form of rising or falling 
edges on one of the four capture pins. the 
time between two events can be measured 
using Timer T2 and a capture register. When 
an event occurs, the contents of Timer T2 are 
copied into the relevant capture register and 
an interrupt request is generated. The 
interrupt service routine may then compute 
the interval time if it knows the previous 
contents of limer T2 when the last event 
occurred. With a 12MHz oscillator, limer T2 
can be programmed to overflow every 
524ms. When event interval times are shorter 
than this, computing the interval time is 
simple, and the interrupt service routine is 
short. For longer interval times, the limer T2 
extension routine may be used. 

Compare Logic: Each time Timer T2 is 
incremented, the contents of the three 16-bit 
compare registers CMO, CM1, and CM2 are 
compared with the new counter value of 
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cnl INT CT2t INT CT3I INT 

a-bit overftow ilterrupt 

16-bit overflow interrupt 

1/0 port 4 

S = set 

R == retet 

T == toggle 

TG = toggle status 

Figure 4. Block Diagram of TImer 2 

limer T2. When a match is found, the 
corresponding interrupt flag in TM21R is set at 
the end of the following cycle. When a match 
with CMO occurs, the controller sets bits 0-5 
of port 4 if the corresponding bits of the sot 
enable register STE are at logic 1. 

When a match with CMl occurs, the 
controller resets bits 0-5 of port 4 if the 
corresponding bits of the reset'toggle enable 
register RTE are at logic 1 (see Figure 6 for 
RTE register function). If RTE is "0", then 
P4.n is not affected by a match between CMl 
or CM2 and limer 2. When a match with 
CM2 occurs, the controller 'toggles" bits 6 
and 7 of port 4 if the corresponding bits of the 
RTE are at logic 1 . The port latches of bits 6 
and 7 are not toggled. Two additional 
flip-flops store the last operation, and it is 
these flip-flops that are toggled. 

Thus, if the current operation is "set," the next 
operation will be "reset" even if the port latch 
is reset by software before the "reset" 
operation occurs. The first "toggle" after a 
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T2 SFR addreu: TMU = lower 8 bite 

TMH2 = higher 8 bits 

chip RESET will set the port latch. The 
contents of these two flip-flops can be read at 
STE.6 and STE.7 (corresponding to P4.6 and 
P4.7, respectively). Bits STE.6 and STE.7 
are read only (see Figure 7 for STE register 
function). A logic 1 indicates that the next 
toggle will set the port latch; a logic 0 
indicates that the next toggle will reset the 
port latch. CMO, CM 1, and CM2 are reset by 
the RST signal. 

The modified port latch information appears 
at the port pin during S5Pl of the cycle 
following the cycle in which a match 
occurred. If the port is modified by software, 
the outputs change dun ng SIP 1 olthe 
following cycle. Each port 4 bit can be set or 
reset by software at any time. A hardware 
modification resulting from a comparator 
match takes precedence over a software 
modification in the same cycle. When the 
comparator results require a "set" and a 
"reset" at the same time, the port latch will be 
reset. 
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TImer T2 Interrupt Flag Register TM2IR: 
Eight of the nine limer T2 interrupt flags are 
located in special function register TM21R 
(see Figure 8)_ The ninth flag is TM2CON.4. 

The CTOI and CTlI flags are set during S4 of 
the cycle in which the contents of limer T2 
are captured. CTOI is scanned by the 
interrupt logic during S2, and CTll is 
scanned during S3. CT21 and CT31 are set 
during S6 and are scanned during S4 and S5. 
The associated interrupt requests are 
recognized during the following cycle. If these 

flags are polled, a transition at CTOI or CTll 
will be recognized one cycle before a 
transition on CT21 or CT31 since registers are 
read during S5. The CMIO, CMll, and CMI2 
flags are set during S6 of the cycle following 
a match. CMIO is scanned by the interrupt 
logic during S2; CMll and CMI2 are scanned 
during S3 and S4. A match will be recognized 
by the interrupt logic (or by polling the flags) 
two cycles after the match takes place. 

The l6-bit overflow flag (T20V) and the byte 

8XC5521562 overview 

overflow flag (T2BO) are set during S6 of the 
cycle in which the overflow occurs_ These 
flags are recognized by the interrupt logic 
during the next cyciR 

Special function register IP 1 (Figure 8) is 
used to determine the Timer T2 interrupt 
priority. Setting a bit high gives that function a 
high priority, and setting a bit low gives the 
function a low priority. The functions 
controlled by the various bits of the IPl 
register are shown in Figure 8. 

4 o 

~~~)N , CTN3' CTP3' CTN2' CTP2' CTN', CTP', CTNo' CTPO , (~:~) 'TP47 , TP46' RP45' RP44' RP43' RP42' ROO', RP40 , 

(USB) (LSB) (USB) (LSB) 

Bit Symbot Capturel1nterrupt on: Bit Symbol Function 

CTCON.7 CTNl Capture Regielet' 3 triggered by a falling edge on CT3I RTE.l TP47 If "1" then P4.7 toggles on _ match betweenCM2 and Timer T2 
CTCON.6 CTP3 Capture Register 3 triggered by a rieing edge on CT31 RTE.6 TP46 If "1" then P4.6 toggles on _ match between CM2 and Timer T2 

CTCON.S CTN2 Capture Register 2 triggered by • falling edge on CT21 RTE.s RP4S If "1" then P4.5 is reset on .. mBtch between CM1 and Timer T2 
CTCON.4 CTP2 Capture Register 2 trigget'1!d by a rising edge on CT2I RTE.4 RP44 If "1" then P4.4 i. reset on • match between eM1 and Timer T2 

CTCON.3 CTNI Capture Register 1 triggered by a falling edge on CHI RTE.3 RP43 If "1" then P4.3 i. reset on • match between eMl .nd Timer T2 

CTCON.2 CTP1 Capture Register 1 triggered by a rising edge on CHI RTE.2 RP42 If "1" then P4.2 Is reeet on • match between CMl and Timer T2 

CTCON.1 CTNo Capture Register 0 triggered by a falling edge on em RTE.l RP41 If "1" then P4.1 i. reMton a match between CM1 and Timer T2 

CTCON.O CTPO Capture Register 0 triggered by a rising edge on eTOI RTE.O RP40 If "1" then P4.0 i. reset on .. malch between CMl and Timer T2 

Figure S. Capture Control Register (CTCON) Figure 6. ResetIToggle Enable Register (RTE) 

STE(EEH) 'T~I~'S~IS~'s_'S~I~'SP401 
(USB) (LSB) 

Bit Symbol Function 

STE.7 TG47 Toggle flip-flops 

STE.6 TG46 Toggle flip-flops 
STE.s SP45 If "1" then P4.5 i. Rt on • match between eMIl M1d Timer T2 
STE.4 SP44 If "1" then P4.4 i. set on. match between eM:) and Timer T2 

STE.3 SP43 If "1" then P4.3 i. sel on. match between eMU and Timer T2 

STE.2 SP42 If "1" then P4.2 i. eel on • match between eMIl and Timer T2 

STE.l SP41 If "1"then P4.1 is seton a match between eMIl and TimerT2 

STE.O SP40 If "1"then P4.0 i. eet on a match between eMIl and TimerT2 

Figure 7. Set Enable Register (STE) 
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76543210 

TM2IR (C8H) I nov I CMI·I CMI. I CMID I CTI31 en21 en. I em I 
Bit 

TM2IR.7 

TM2IR.6 

TM2IR.S 
TM2IR.4 

TM2IR.3 

TM2IR.2 

TM21R.. 

TM2IR.O 

IP. (F8H) 

Bit 

Ip,.7 

IP1.6 

IP1.5 

IP1.4 

IP1.3 

IP1.2 

IP1.1 

IP1.D 

(USB) (LSB) 

Symbol 

nov 
eMl2 

eMi. 
CMlO 

CTI. 

CTl2 

Cnt 
eTio 

Function 

Timer T2 16-bit overflow interrupt flag 

CM2 interrupt flag 

CM1 interrupt flag 

ClIO interrupt nag 
CT3 interrupt flag 

CT2 interrupt ftag 

en interrupt flag 
eTO intemJpt flag 

Interrupt Flag Register (TM2IR) 

6543210 

I pn 'PCM2' PCM.' PCMO' PCTa' PCT2' PCT! , PCTO I 
(MSB) (LS8) 

Symbol 

PT2 

PCM> 
PCM. 
PCMO 
peT3 

PCT2 
pen 
PCTO 

Function 

Timer T2 overflow interrupt(s) priority level 

limer T2 comparator 2 interrupt priority level 

Timer T2 comperetor 1 interrupt priQrity level 

Timer T2 comparator 0 Interrupt priority level 

Timer T2 capture register 3 interrupt priority level 

Timer T2 capture register 2 interrupt priority level 

Timer T2 capture regia\er 1 interrupt priority level 

Timer T2 capture register 0 interrupt priority level 

Timer 2 Interrupt Priority Register (IP1) 

Figure 8. Interrupt Flag Register (TM2IR) and Timer T21nterrupt Priority Register (IP1) 

Timer T3, The Watchdog Timer 
In addition to Timer T2 and the standard 
timers, a watchdog timer is also incorporated 
on the 8XC552. The purpose of a watchdog 
timer is to reset the microcontroller if it enters 
errOneOUS processor states (possibly caused 
by electrical noise or RFI) within a reasonable 
period of time. An analogy is the 'dead man's 
handle" in railway locomotives. When 
enabled, the watchdog circuitry will generate 
a system reset if the user program fails to 
reload the watchdog timer within a specified 
length of time known as the "watchdog 
interval." 

Watchdog Circuit Description: The 
watchdog timer (Timer T3) consists of an 
S-bit timer with an 11-bit prescaler as shown 
in Figure 9. The prescaler is fed with a signal 
whose frequency is 1/12 the oscillator 
frequency (1 MHz with a 12MHz oscillator). 
The 8-bit timer is incremented every "t" 
seconds, where: 

t = 12 x 2048 x 1/fosc 
(= 1.5ms allose = 16MHz; 
= 1 ms at fosc = 24MHz) 
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If the S-bit timer overflows, a short internal 
reset pulse is generated which will reset the 
8XC552. A short output reset pulse is also 
generated at the RST pin. This short output 
pulse (3 machine cycles) may be destroyed if 
the RST pin is connected to a capacitor. This 
would not, however, affect the internal reset 
operation. 

Watchdog operation is activated when 
external pin "EW is tied low. When EW is tied 
low. it is impossible to disable the watchdog 
operation by software. 

How to Operate the Watchdog Timer: The 
watchdog timer has to be reloaded within 
periods that are shorter than the programmed 
watchdog interval; otherwise the watchdog 
timer will overflow and a system reset will be 
generated. The user program must therefore 
continually execute sections of code which 
reload the watchdog timer. The period of time 
elapsed between execution of these sections 
of code must never exceed the watchdog 
interval. When using a 16MHz oscillator. the 
watchdog interval is programmable between 
1.5ms and 392ms. When using a 24MHz 
oscillator. the watchdog interval is 
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programmable between 1 ms and 255ms. 

In order to prepare software for watchdog 
operation, a programmer should first 
determine how long his system can sustain 
an erroneous processor state. The result will 
be the maximum watchdog interval. As the 
maximum watchdog interval becomes 
shorter. it becomes more difficult for the 
programmer to ensure that the user program 
always reloads the watchdog timer within the 
watchdog interval, and thus it becomes more 
difficult to implement watchdog operation. 

The programmer must now partition the 
software in such a way that reloading of the 
watchdog is carried out in accordance with 
the above requirements. The programmer 
must determine the execution times of all 
software modules. The effect of possible 
conditional branches, subroutines, external 
and internal interrupts must all be taken into 
account. Since it may be very difficult to 
evaluate the execution times of some 
sections of code, the programmer should use 
worst case estimations. In any event, the 
programmer must make sure that the 
watchdog is not activated during normal 
operation. 
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Overflow U I 
foscI12 Prescaler (11-bit) TImer T3 (8-biI) t------~r:> 

Write T3 

The watchdog timer is reloaded in two stages 
in order to prevent erroneous software from 
reloading the watchdog. First PCON.4 (WLE) 
must be set. The T3 may be loaded. When 
T3 is loaded, PCON.4 (WLE) is automatically 
reset. T3 cannot be loaded if PCON.4 (WLE) 
is reset. Reload code may be put in a 
subroutine as it is called frequently. Since 
Timer T3 is an up-counter, a reload value of 
DOH gives the maximum watchdog interval 
(51 Oms with a 12MHz oscillator), and a 
reload value of OFFH gives the minimum 
watchdog interval (2ms with a 12MHz 
oscillator). 

In the idle mode, the watchdog circuitry 
remains active. When watchdog operation is 
implemented, the power-down mode cannot 
be used since both states are contradictory. 
Thus, when watchdog operation is enabled 
by tying external pin EW low, it is impossible 
to enter the power-down mode, and an 
attempt to set the power-down bit (PCON.l) 
will have no effee!. PCON.l will remain at 
10gicO. 

During the early stages of software 
developmenVdebugging, the watchdog may 
be disabled by tying the EW pin high. At a 
later stage, EW may be tied low to complete 
the debugging process. 

Watchdog Software Example: The following 
example shows how watchdog operation 
might be handled in a user program. 
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LOAD LOADEN 

Intemal~ 

reset '~k---------; 

Internal Bus 

Figure 9. Watchdog Timer 

;at the program start: 

T3 EQU OFFH ;address of 
;watchdog 
;timerT3 

PCON EQU OS?H ;address of 
;PCON SFR 

WATCH-INTV EQU 156 ;watchdog 
;interval 
;(e.g.,2xl00ms) 

;to be inserted at each watchdog reload 
;Iocation within the user program: 

LCALL WATCHDOG 

;watchdog service routine: 

WATCHDOG: ORL PCON.#10H ;set 
;condition 
;flag 
(PCON.4) 

MOV T3,WATCH-INV ;Ioad T3 
;with 
;watchdog 
;interval 

RET 

If it is possible for this subroutine to be called 
in an erroneous state, then the condition flag 
WLE should be set at different parts of the 
main program. 

Serial 1/0 
The 8XC552 is equipped with two 
independent serial ports: Sioo and Sial. 
SIOO is a full duplex UART port and is 
identical to the SOC51 serial port. Sial 
accommodates the 12C bus. 
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5100: Sioo is a full duplex serial 1/0 port 
identical to that on the BOC51. Its operation is 
the same, including the use of timer 1 as a 
baud rate generator. 

5101, 12C Serial 1/0: The 12C bus uses two 
wires {SDA and scq to transfer information 
between devices connected to the bus. The 
main features of the bus are: 
- Bidirectional data transfer between masters 

and slaves 

- Multimaster bus (no central master) 

- Arbitration between simultaneously 
transmitting masters without corruption of 
serial data on the bus 

- Serial clock synchronization allows devices 
with different bit rates to communicate via 
one serial bus 

- Serial clock synchronization can be used 
as a handshake mechanism to suspend 
and resume serial transfer 

- The 12C bus may be used for test and 
diagnostic purposes 

The output latches of Pl.6 and Pl.? must be 
set to logic 1 in order to enable SIO 1. 

The 8XC552 on-chip 12C logic provides a 
serial interface that meets the 12C bus 
specification and supports all transfer modes 
(other than the low-speed mode) from and to 
the 12C bus. The Sial logic handles bytes 
transfer autonomously. It also keeps track of 
serial transfers, and a status register (SlSTA) 
reflects the status of Sial and the 12C bus. 
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The CPU interfaces to the 12C logic via the 
following four special function registers: 
SICON (SIOI control register), SISTA (SIOI 
status register), SI DAT (SIOI data register), 
and SIADR (SIOI slave address register). 
The SIOI logic interfaces to the extemal 12C 
bus via two port 1 pins: Pl.6/SCL (serial 
clock line) and Pl.7/SDA (serial data line). 

A typical12C bus configuration is shown in 
Figure 10, and Figure 11 shows how a data 
transfer is accomplished on the bus. 
Depending on the state of the direction bit 
(RIW), two types of data transfers are 
possible on the 12C bus: 
1. Data transfer from a master transmitter to 

a slave receiver. The first byte transmitted 
by the master is the slave address. Next 
follows a number of data bytes. The slave 
returns an acknowledge bit after each 
received byte. 

2. Data transfer from a slave transmitter to a 
master receiver. The first byte (the slave 
address) is transmitted by the master. The 
slave then returns an acknowledge bit. 
Next follows the data bytes transmitted by 
the slave to the master. The master 
returns an acknowledge bit after all 
received bytes other than the last byte. At 
the end of the last received byte, a "not 
acknowledge" is returned. 

The master device generates all of the serial 
clock pulses and the START and STOP 
conditions. A transfer is ended with a STOP 
condition or with a repeated START 
condition. Since a repeated START condition 
is also the beginning of the next serial 
transfer, the 12C bus will not be released. 

Modes of Operation: The on-chip SIOI logic 
may operate in the following four modes: 

1. Master Transmitter Mode: 

Serial data output through PI. 7/SDA while 
P 1.6/SCL outputs the serial clock. The 
first byte transmitted contains the slave 
address of the receiving device (7 bits) 
and the data direction bit. In this case the 
data direction bit (RIW) will be logic 0, and 
we say that a "W" is transmitted. Thus the 
first byte transmitted is SLA+W. Serial 
data is transmitted 8 bits at a time. After 
each byte is transmitted, an acknowledge 
bit is received. START and STOP 
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conditions are output to indicate the 
beginning and the end of a serial transfer. 

2. Master Receiver Mode: 

The first byte transmitted contains the 
slave address of the transmitting device (7 
bits) and the data direction bit. In this case 
the data direction bit (RIW) will be logic I, 
and we say that an "R" is transmitted. 
Thus the first byte transmitted is SLA+R. 
Serial data is received via Pl.7/SDA while 
PI .6/SCL outputs the serial clock. Serial 
data is received a bits at a time. After 
each byte is received, an acknowledge bit 
is transmitted. START and STOP 
conditions are output to indicate the 
beginning and end of a serial transfer. 

3. Slave Receiver Mode: 

Serial data and the serial clock are 
received through Pl.7/SDA and 
Pl.6/SCL. After each byte is received, an 
acknowledge bit is transmitted. START 
and STOP conditions are recognized as 
the beginning and end of a serial transfer. 
Address recognition is performed by 
hardware after reception of the slave 
address and direction bit. 

4. Slave Transmitter Mode: 

The first byte is received and handled as 
in the slave receiver mode. However, in 
this mode, the direction bit will indicate 
that the transfer direction is reversed. 
Serial data is transmitted via Pl.7/SDA 
while the serial clock is input through 
Pl.6/SCL. START and STOP conditions 
are recognized as the beginning and end 
of a serial transfer. 

In a given application, SIOI may operate as a 
master and as a slave. In the slave mode, the 
SIOI hardware looks for its own slave 
address and the goneral call address. If one 
of these addresses is detected, an interrupt is 
requested. When the microcontroller wishes 
to become the bus master, the hardware 
waits until the bus is free before the master 
mode is entered so that a possible slave 
action is not interrupted. If bus arbitration is 
lost in the master mode, SIOI switches to the 
slave mode immediately and can detect its 
own slave address in the same serial 
transfer. 
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SIOI Implementation and Operation: 
Figure 12 shows how the on-chip 12C bus 
interface is implemented, and the following 
text describes the individual blocks. 

Input Filters and Output Stages 

The input filters have 12C compatible input 
levels. If the input voltage is less than 1.5V, 
the input logic level is interpreted as 0; if the 
input voltage is greater than 3.0V, the input 
logic level is interpreted as 1. Input signals 
are synchronized with the internal clock 
(fosc/4), and spikes shorter than three 
oscillator periods are filtered out. 

The output stages consist of open drain 
transistors that can sink 3mA at VOUT < O.4V. 
These open drain outputs do not have 
clamping diodes to Voo. Thus, if the device is 
connected to the 12C bus and Voo is switched 
off, the 12C bus is not affected. 

Address Register, SIADR 

This a-bit special function register may be 
loaded with the 7-bit slave address (7 most 
significant bits) to which SIOI will respond 
when programmed as a slave transmitter or 
receiver. The LSB (Ge) is used to enable 
general call address (OOH) recognition. 

Comparator 

The comparator compares the received 7-bit 
slave address with its own slave address (7 
most significant bits in SI ADR). It also 
compares the first received a-bit byte with the 
general call address (OOH). If an equality is 
found, the appropriate status bits are set and 
an interrupt is requested. 

Shift Register, SlOAT 

This a-bit special function register contains a 
byte of serial data to be transmitted or a byte 
which has just been received. Data in SI DAT 
is always shifted from right to left; the first bit 
to be transmitted is the MSB (bit 7) and, after 
a byte has been received, tihe first bit of 
received data is located at the MSB of 
SI DAT. While data is being shifted out, data 
on the bus is simultaneously being shifted in; 
SI DAT always contains the last byte present 
on the bus. Thus, in the event of lost 
arbitration, the transition from master 
transmitter to slave receiver is made witih the 
correct data in SI DAT. 
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Pl.7/sDA Pl.6/scL 

8XC552 

8XC5521562 overview 

VDD 

I 
Rp I) Rp 

Other Device wi1h Other Device with 
)2C Interface 12c Interface 

Figure 10. Typicall'C Bus Configuration 

Acknowledgment 
Signal from Receiver Clock Une Held Low While 

Interrupts Are Serviced 

Repeated if mOle bytes 
are transferred 

Figure 11. Data Transfer on the 12C Bus 
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Figure 12. 12<: Bus Seriallnlerface Block Diagram 
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SDA 

SCI. ... JaLJ7L 
ACK 

1. Another device transmits identical eeria' data 

2. An01her device OYel'ruIee a logic 1 (dotted fine) tranamiHeel by 5101 (master) by pulling the SDA fine low. Arbitrdon Ia Ioat, and Sl01 ......... the ... ve 
receiver mode. 

a $101 is in the .. ave receiver mode but atill generales clock puleee until the current byte has been transmitted. 8101 will not generate dock puI_ for 
the next byte. 0.. .. on SDA orfalna1ea trom the new muter once it ha. won arbitration. 

Figure 13. Arbitration Procedure 

SDA ____________ ~x _____________ x== 
(1) (3) (1) 

SCL 

~ (2) _ 

I-- Mark Space Du-ation 
Duration 

1. Another aetvic:e pulls the SClline low before 1he Sl01 ''mark'' duration is complete. The aerial dock generator i. immeclately reset and 
commenc:ee with the "space" ckuation by pulling SCL low. 

2. Ano1her device .lin pull. the SClline low after Sl01 releases SCL The aerial cfock generator i. forced into the wait etate until the SCL line 
1a_.MeI. 

3. The SCl line is reIeaaed, and the eerial clock generator commence. with the .... rk duratiOfL 

Figure 14. Serial Clock Synchronization 
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Arbitration and Synchronization logic 

In the master transmitter mode, the 
arbitration logic checks that every transmitted 
logic 1 actually appears as a logic 1 on the 
12C bus. If another device on the bus 
overrules a logic 1 and pulls the SOA line low, 
arbitration is lost, and 5101 immediately 
changes from master transmitter to slave 
receiver. 5101 will continue to output clock 
pulses (on SCl) until transmission of the 
current serial byte is complete. 

Arbitration may also be lost in the master 
receiver mode. loss of arbitration in this 
mode can only occur while 5101 is returning 
a "not acknowledge: (logic 1) to the bus. 
Arbitration is lost when another device on the 
bus pulls this Signal lOW. Since this can 
occur only at the end of a serial byte, 5101 
generates no further clock pulses. Figure 13 
shows the arbitration procedure. 

The synchronization logic will synchronize the 
serial clock generator with the clock pulses 
on the SCl line from another device. If two or 
more master devices generate clock pulses, 
the "mark" duration is determined by the 
device that generates the shortest "marks," 
and the 'space" duration is determined by the 
device that generates the longest "spaces.' 
Figure 14 shows the synchronization 
procedure. 

A slave may stretch the space duration to 
slow down the bus master. The space 
duration may also be stretched for 
handshaking purposes. This can be done 
after each M or after a complete byte 
transfer. SIOI will stretch the SCl space 
duration after a byte has been transmitted or 
received and the acknowledge bit has been 
transferred. The serial interrupt flag (SI) is 
set, and the stretching continues until the 
serial interrupt flag is cleared. 

Serial Clock Generator 

This programmable clock pulse generator 
provides the SCl clock pulses when Sial is 
in the master transmitter or master receiver 
mode. It is switched off when SIOI is in a 
slave mode. The programmable output clock 
frequencies are: fosc'l20, foscl9600, and the 
Timer 1 overflow rate divided by eight. The 
output clock pulses have a 50% duty cycle 
unless the clock generator is synchronized 
with other SC l clock sources as described 
above. 

Timing and Control 

The timing and control logic generates the 
timing and control signals for serial byte 
handling. This logic block provides the shift 
pulses for SlOAT, enables the comparator, 
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generates and detects start and stop 
conditions, receives and transmits 
acknowledge bits, controls the master and 
slave modes, contains interrupt request logic, 
and monitors the 120 bus status. 

Control Register, SlCON 

This 7-bit special function register is used by 
the microcontroller to control the following 
Sial functions: start and restart of a serial 
transfer, termination of a serial transfer, bit 
rate, address recognition, and 
acknowledgment 

Status Oecoder and Status Register 

The status decoder takes all of the internal 
status bits and compresses them into as-bit 
code. This code is unique for each 12C bus 
status. The 5-bit code may be used to 
generate vector addresses for fast 
processing of the various service routines. 
Each service routine processes a particular 
bus status. There are 26 possible bus states 
if all four modes of SIOl are used. The S-bit 
status code is latched into the five most 
significant bits of the status register when the 
serial interrupt flag is set (by hardware) and 
remains stable until the interrupt flag is 
cleared by software. The three least 
significant bits of the status register are 
always zero. If the status code is used as a 
vector to service routines, then the routines 
are displaced by eight address locations. 
Eight bytes of code is sufficient for most of 
the service routines (see the software 
example in this section). 

The Four SI01 Special Function 
Regfsters: The microcontroller interfaces to 
SIOl via four special function registers. 
These four SFRs (SlAOR, SlOAT, SlCON, 
and SlSTA) are described individually in the 
following sections. 

The Address Register, S1ADR: The CPU 
can read from and write to this 8-bit, directly 
addressable SFR. SlAOR is not affected by 
the Sial hardware. The contents of this 
register are irrelevant when 5101 is in a 
master mode. In the slave modes, the seven 
most significant bits must be loaded with the 
microcontroller's own slave address, and, if 
the least significant bit is set, the general call 
address (OOH) is recognized; otherwise it is 
ignored. 

765432 

51ADR(DBH)g xl x I x I xl Qj acl 
own ... veadd .... 

The most significant bit corresponds to the 
first bit received from the 120 bus after a start 
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condition. A logic 1 in SlAoR corresponds to 
a high level on the 12C bus, and a logic 0 
corresponds to a low level on the bus. 

The Data Register, S1DAT: SlOAT contains 
a byte of serial data to be transmitted or a 
byte which has just been received. The CPU 
can read from and write to this 8-bit, directiy 
addressable SFR while it is not in the process 
of shifting a byte. This occurs when SIOI is in 
a defined state and the serial interrupt flag is 
set. Oata in SlOAT remains stable as long as 
51 is set. Oata in SlOAT is always shifted 
from right to left: the first bit to be transmitted 
is the MSB (bit 7), and, after a byte has been 
received, the first bit of received data is 
located at the MSB of SlOAT. While data is 
being shifted out, data on the bus is 
simultaneously being shifted in; SlOAT 
always contains the last data byte present on 
the bus. Thus, in the event of lost arbitration, 
the transition from master transmitter to slave 
receiver is made with the correct data in 
SlOAT. 

4 

SlDAT (DAH) I 5D71 SD61 SD51 SD41 Sool SD3 SDll sool 

- ehfftdirection ---

S07-S00: 

Eight bits to be transmitted or just received. A 
logic 1 in S1 OAT corresponds to a high level 
on the 12C bus, and a logic 0 corresponds to 
a low level on the bus. Serial data shifts 
through SlOAT from right to left. Figure 15 
shows how data in SlOAT is serially 
transferred to and from the SOA line. 

SlOAT and the ACK flag form a 9-bit shift 
register which shifts in or shifts out an 8-bit 
byte, followed by an acknowledge bit. The 
ACK flag is controlled by the Sial hardware 
and cannot be accessed by the CPU. Serial 
data is shifted through the ACK flag into 
S10AT on the rising edges of serial clock 
pulses on the SCl line. When a byte has 
been shifted into SlOAT, the serial data is 
available in SlOAT, and the acknowledge bit 
is returned by the control logic during the 
ninth clock pulse. Serial data is shifted out 
from SlOAT via a buffer (BS07) on the falling 
edges of clock pulses on the SCl line. 

When the CPU writes to SlOAT, BS07 is 
loaded with the content of SlOAT.7, which is 
the first bit to be transmitted to the SOA line 
(see Figure 16). After nine serial clock 
pulses, the eight bits in SlOAT will have been 
transmitted to the SOA line, and the 
acknowledge bit will be present in ACK. Note 
that the eight transmitted bits are shifted back 
into SlOAT. 
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The Control Register, SlCON: The CPU 
can read from and write to this 8-bit, directly 
addressable SFR. Two bits are affected by 
the SIOl hardware: the SI bit is set when a 
serial interrupt is requested, and the STO bit 
is cleared when a STOP condition is present 
on the 12C bus. The STO bit is also cleared 
when ENSl ; "0". 
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ENS1,the SIOl Enable Bit 

ENSl ; "0": When ENSl is "0", the SOA and 
SCl outputs are in a high impedance state. 
SOA and SCl input signals are ignored, SIOl 
is in the "not addressed" slave state, and the 
STO bit in S 1 CON is forced to "0". No other 
bits are affected. Pl.6 and Pl.7 may be used 
as open drain 1/0 ports. 

ENSl ; "1": When ENSl is "1", 5101 is 
enabled. The Pl.6 and Pl.7 port latches 
must be set to logic 1. 

ENSl should not be used to temporarily 
release SIOl from the 12C bus since, when 
ENSl is reset, the 12C bus status is lost The 
AA flag should be used instead (see 
description of the AA flag in the following 
text). 

In the following text, it is assumed that 
ENSl ; "1". 

STA, the START Flag 

STA ; "1": When the STA bit is set to enter a 
master mode, the 5101 hardware checks the 
status of the 12C bus and generates a START 
condition if the bus is free. If the bus is not 
free, then SIOl waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a half clock 
period of the internal serial clock generator. 

If STA is set while SIOl is alreadY in a master 
mode and one or more bytes are transmitted 
or received, SIOl transmits a repeated 
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Figure 15. SeriallnputlOutput Configuration 

START condition. STA may be set at any 
time. STA may also be set when SIOl is an 
addressed slave. 

STA ; "0": When the STA bit is reset, no 
START condition or repeated START 
condition will be generated. 

STO, the STOP Flag 

STO ; "I": When the STO bit is set while 
SIOI is in a master mode, a STOP condition 
is transmitted to the 12C bus. When the STOP 
condition is detected on the bus, the SIOI 
hardware clears the STO flag. In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the 12C bus. 
However, the 5101 hardware behaves as if a 
STOP condition has been received and 
switches to the defined "not addressed" slave 
receiver mode. The STO flag is automatically 
cleared by hardware. 

If the STA and STO bits are both set, the a 
STOP condition is transmitted to the 12C bus 
if SIOI is in a master mode (in a slave mode, 
SIOl generates an internal STOP condition 
which is not transmitted). SIOI then transmits 
a START condition. 

STO ; "0": When the STO bit is reset, no 
STOP condition will be generated. 

SI, the Serial Interrupt Flag 

51 ; "1": When the 51 flag is se~ then, if the 
EA and ESI (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of 25 of the 26 
possible 5101 states is entEired. The only 
state that does not cause SI to be set is state 
F8H, which indicates that no relevant state 
information is available. 

While 51 is set, the low period of the serial 
clock on the SCl line is stretched, and the 
serial transfer is suspended. A high level on 
the SCl line is unaffected by the serial 
interrupt flag. 51 must be reset by software. 
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SI ; "0": When the 51 flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCl line. 

AA, the Assert Acknowledge Flag 

AA; "I": If the AA flag is set, an 
acknowledge (low level to SOA) will be 
returned during the acknowledge clock pulse 
on the SCl line when: 
- The "own slave address" has been 

received 

- The general call address has been 
received while the general call bit (GC) in 
SIAORisset 

- A data byte has been received while SIOI 
is in the master receiver mode 

- A data byte has been received while SIOI 
is in the addressed slave receiver mode 

AA ; "0": if the AA flag is rese~ a not 
acknowledge (high level to SOA) will be 
returned during the acknowledge clock pulse 
onSClwhen: 
- A data has been received while SIOI is in 

the master receiver mode 

- A data byte has been received while 5101 
is in the addressed slave receiver mode 

When WIOI is in the addressed slave 
transmitter mode, state C8H will be entered 
aller the last serial is transmitted (see Figure 
20). When 51 is cfeared, SIOI leaves state 
CSH, enters the not addressed slave receiver 
mode, and the SOA line remains at a high 
level. In state CSH, the AA flag can be set 
again for future address recognition. 

When 5101 is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored. Consequently, no 
acknowledge is returned, and a serial 
interrupt is not requested. Thus, SIOI can be 
temporarily released from the 12C bus while 
the bus status is monitored. While 5101 is 
released from the bus, START and STOP 
conditions are detected, and serial data is 
shifted in. Address recognition can be 
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resumed at any time by setting the AA flag. If 
the AA flag is set when the part's own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 

CRO, CR1, and CR2, the Clock Rate Bits 

These three bits determine the serial clock 
frequency when SIOl is in a master mode. 
The various serial rates are shown in Table 2. 

A 12.5kHz bit rate may be used by devices 
that interface to the 12C bus via standard 110 
port lines which are software driven and slow. 
100kHz is usually the maximum bit rate and 
can be derived from a 16MHz, 12MHz, or a 
6MHz oscillator. A variable bit rate (O.5kHz to 
62.5kHz) may also be used if Timer 1 is not 
required for any other purpose while SIOl is 
in a master mode. 

The frequencies shown in Table 2 are 
unimportant when SIOl is in a slave mode. In 
the slave modes, SIOl will automatically 
synchronize with any clock frequency up to 
100kHz. 

The Status Register, SlSTA: SlSTA is an 
8-bit read-only special function register. The 
three least significant bits are always zero. 
The five most significant bits contain the 
status code. There are 26 possible status 
codes. When SlSTA contains F8H, no 
relevant state information is available and no 
serial interrupt is requested. All other S 1 STA 
values correspond to defined SIOl states. 
When each of these states is entered, a 
serial interrupt is requested (SI = "1"). A valid 
status code is present in Sl STA one machine 
cycle after SI is set by hardware and is still 
present one machine cycle after SI has been 
reset by software. 
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More Information on SIOl Operating 
Modes: The four operating modes are: 
- Master Transmitter 

- Master Receiver 

- Slave Receiver 

- Slave Transmitter 

Data transfers in each mode of operation are 
shown in Figures 17~7. These figures 
contain the following abbreviations: 

Abbreviation 
S 
SLA 
R 
W 
A 

Data 
p 

Explanation 
Start condition 
7 -bit slave address 
Read bit (high level at SDA) 
Write bit (low level at SDA) 
Acknowledge bit (low level at 
SDA) 
Not acknowledge bit (high 
level at SDA) 
8-bit data byte 
Stop condition 

In Figures 17-37, circles are used to indicate 
when the serial interrupt flag is set. The 
numbers in the circles show the status code 
held in the SlSTA register. At these points, a 
service routine must be executed to continue 
or complete the serial transfer. These service 
routines are not critical since the serial 
transfer is suspended until the serial interrupt 
flag is cleared by software. 

When a serial interrupt routine is entered, the 
status code in SlSTA is used to branch to the 
appropriate service routine. For each status 
code, the required software action and details 
of the following serial transfer are given in 
Tables 15-18. 

Master Transmitter Mode: In the master 
transmitter mode, a number of data bytes are 
transmitted to a slave receiver (see 
Figure 17). Before the master transmitter 
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mode can be entered, Sl CON must be 
initialized as follows: 

6 5 4 3 2 

CRO, CR1, and CR2 define the serial bit rate. 
ENSl must be set to logic 1 to enable S101. 
If the AA bit is reset, SIOl will not 
acknowledge its own slave address or the 
general call address in the event of another 
device becoming master of the bus. In other 
words, if AA is reset, Sioo cannot enter a 
slave mode. STA, STO, and SI must be reset. 

The master transmitter mode may now be 
entered by setting the STA bit using the 
SETB instruction. The SIOllogicwili now 
test the 12C bus and generate a start 
condition as soon as the bus becomes free. 
When a START condition is transmitted, the 
serial interrupt flag (SI) is set, and the status 
code in the status register (SlSTA) will be 
08H. This status code must be used to vector 
to an interrupt service routine that loads 
SlOAT with the slave address and the data 
direction bit (SLA+W). The SI bit in SlCON 
must then be reset before the serial transfer 
can continue. 

When the slave address and the direction bit 
have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (SI) is set again, and a 
number of status codes in SlSTA are 
possible. There are 18H, 2OH, or38H for the 
master mode and also 68H, 7BH, or SOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 3. 
Atter a repeated start condition (state 10H). 
SIOl may switch to the master receiver mode 
by loading Sl OAT with SLA+R). 
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SDA 07 Os 05 0. 03 02 01 DO A 

SCl 

Shift ACK & 81 OAT 
Shift In 

ACK (2) (2) (2) (2) (2) (2) (2) (2) A 

SlOAT I (1) I (2) (2) (2) (2) (2) (2) (2) (2) (1) 

Shift BS07 
Shift Out 

BSD7 l 07 os OS 0. 03 02 01 DO (3) 

loaded by the CPU 

(1) Valid data in SlOAT 

(2) Shifting data in SlOAT and ACK 

(3) High level on SOA 

Figure 16. Shift·in and Shift-out TIming 

Table 2. Serial Clock Rates 

BIT FREQUENCY (kHz) AT fosc 

CR2 CR1 CRO 6MHz 12MHz 16MHz fosc DIVIDED BY 

0 0 0 23 47 63 256 
0 0 1 27 54 71 224 
0 1 0 31 63 83 192 
0 1 1 37 75 100 160 
1 0 0 6.25 12.5 17 960 
1 0 1 50 100 - 120 
1 1 0 100 - - 60 
1 1 1 0.25 < 62.5 0.5 < 62.5 0.67 < 56 96 x (256 - reload value Timer 1) 

(Reload value range: 0 - 254 in mode 2) 
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Successful Transmission 
to a Slave Receiver 

Next Transfer Started with 
• Repeated Start Condition 

Not Acknowledge Received 
after the Slave Address 

Not Acknowledge Received 
after • Data Byte 

Arbitration Lost in Slave 
Address or Data Byte 

Arbijtration lost and 
Addressed .a Slave 

1'\ """ """ """ "'j 
.:::"<:::'<:;""':::""':::'1

'_ 

From Master to Slave 

D From Slave to Master 

~ 
~J 

Any Number of Data Bytes and Their 
Associated Acknowtedge Bits 

lhis Number (Contained in 51 STA) Corresponds to a 
Defined State of the 12C Bus. See Table 3. 

lIT 

Figure 17. Format and States in the Master Transmitter Mode 
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To Corresponding 
SIdes in Slave Mode 

To MSTIREC Mode 
Enky = MR 
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Successful Reception 
from a SI."e 
Transmitter 

Next Transfer 5tarled with 
a Repeated Start Condition 

Not Acknowledge Received 
after the Slave Address 

Arbitration Lost in Slave Address 
or Acknowledge Bit 

Arbitration Lost and 
Addressed as Slave 

8<>,:" ' ..,i From Master to Slave 

o From Slave to Master 

MR 

Data !",::"'(~"",:: A$$ocia1ed Acknowledge Bits G~" I" 'I, Any Number of Data Bytes and Their 

'1, ',,' 

~ This Number (Contained in SlSTA) Corresponds to a 
~ Defined State of the ,2c Bus. See Table 4. 

Data 

O_MST 
Continues 

To Corresponding 
States in Slave Mode 

Figure 18. Format and States in the Master Receiver Mode 
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OIherMST 
Continues 

To MSTfTRX Mode 
Entry=MT 
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Reception of the Own Slave 
AddreM and One or More Data B,- AI, Are Acknowledged. 

Lu. DOIa Byte _ ...... 
No. Adm.-clged 

Arbitration Lollt .. lIST and 
Adchsaed as Slave 

Reception of .... Genend 
Call Add .... and One or 
-'Data8ytoe 

L ... Data Byte .. Not 
Acknowledged 

Arbib'ation Loa. a. MST ItI1d __ Slave by Genero' Col' 

D 
From Muller to Slave 

From Slave to Master 

Any Number of Data Bytes and Their 
Aseociated Adm.-clge Bi .. 

~ 1I1Ia Number (Contained in S1STA) Correaponda.o. 
~ Daflned SlBte of 1he 12C _ see Table 5. 

Figure 19. Format and States In the Slave Receiver Mode 
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Reception of the Own 
Slave AcIdreIIa and 
Tron_n of One 
or More Data Bytes 

A "" .. 

Arbitration lout .. MST and 
A Adc:Ireaeed .. Slave 

From Ma ..... to Slave 

From Slave to Master 

Arry Number of "" .. Bytes and ll1eir 
Associ.ted Acknowledge Bite 

SOH 

This Number (Contained In SISTAI CorreapoMa to • 
Defined S .... of the 12C Sua. See Table &. 

wt "" .. Byte T .............. SWitched to Not __ 

Slave (AA Bit In SICON = '"0"' 

8XC5521562 overview 

All "1 "a 

Figure 20_ Format and States of the Slave Transmitter Mode 

Master Receiver Mode: In the master 
receiver mode, a number of data bytes are 
received from a slave transmitter (see 
Figure 18). The transfer is initialized as in the 
master transmitter mode. When the start 
condition has been transmitted, the interrupt 
service routine must load SlOAT with the 
7-bit slave address and the data direction bit 
(SLA+R). The SI bit in SlCON must then be 
cleared before the serial transfer can 
continue. 

When the slave address and the data 
direction bit have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (51) is set again, and a 
number of status codes in SlSTA are 
possible. These are 40H, 48H, or 38H for the 
master mode and also 68H, 78H, or BOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 4. 
ENS1, CR1, and CRO are not affected by the 
serial transfer and are not referred to in 
Table 4. After a repeated start condition (state 
10H), Sial may switch to the master 
transmitter mode by loading SlOAT with 
SLA+W. 
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Slave Receiver Mode: In the slave receiver 
mode, a number of data bytes are received 
from a master transmitter (see Figure 19). To 
initiate the slave receiver mode, S lAOR and 
SlCON must be loaded as follows: 

7 6 5 4 3 

SIADR(DBHII x I xl x I x I xl xlj Gel 
-- own slave address 

The upper 7 bits are the address to which 
5101 will respond when addressed by a 
master. If the LSB (GC) is set, 5101 will 
respond to the general call address (OOH); 
otherwise it ignores the general call address. 

6 3 2 o 

SICON (D8H)ICR21 ENSII STAI 5101 SlIAAICRIICROI 

x OOOIXX 

CRO, CR1, and CR12 do not affect 5101 in 
the slave mode. ENSl must be set to logic 1 
to enable 5101. The AA bit must be set to 
enable Sial to acknowledge its own slave 
address or the general call address. STA, 
STO, and 51 must be reset. 
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When SIAOR and SICON have been 
initialized, Sial waits until it is addressed by 
its own slave address followed by the data 
direction bit which must be "0" (W) for 5101 
to operate in the slave receiver mode. After 
its own slave address and the W bit have 
been received, the serial interrupt flag (I) is 
set and a valid status code can be read from 
SISTA. This status code is used to vector to 
an interrupt service routine, and the 
appropriate action to be taken for each of 
these status codes is detailed in Table 5. The 
slave receiver mode may also be entered if 
arbitration is lost while 5101 is in the master 
mode (see status 68H and 7BH). 

If the AA bit is reset during a transfer, Sial 
will return a not acknowledge (logic 1) to SOA 
after the next received data byte. While AA is 
reset, 5101 does not respond to its own slave 
address or a general call address. However, 
the 12C bus is still monitored and address 
recognition may be resumed at any time by 
setting AA. This means that the AA bit may 
be used to temporarily isolate 5101 from the 
12C bus. 
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Table 3. Master Transmitter Mode 

STATUS STATUS OF THE APPUCATION SOFTWARE RESPONSE 

CODE 12C BUS AND TOIFROM SlDAT TOS1CON NEXT ACTION TAKEN BY SIOl HARDWARE 

(SlSTA) SIOl HARDWARE STA STO SI AA 

08H A START condition has LoadSLA+W X 0 0 X SLA+W will be transmitted; 
been transmitted ACK bit will be received 

10H A repeated START Load SLA+W or X 0 0 X As above 
condition has been LoadSLA+R X 0 0 X SLA+W will be transmitted; 
transmitted SIOl will be switched to MST/REC mode 

18H SLA+W has been Load data byte or 0 0 0 X Data byte will be transmitted; 
transmitted; ACK has ACK bit will be received 
been received no S 1 DAT action or 1 0 0 X Repeated START will be transmitted; 

no SlDATaction or 0 1 0 X STOP condition will be transmitted; 
STO flag will be reset 

no SlOAT action 1 1 0 X STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 

20H SLA+W has been Load data byte or 0 0 0 X Data byte will be transmitted; 
transmitted; NOT ACK ACK bit will be received 
has been received no S 1 DAT action or 1 0 0 X Repeated START will be transmitted; 

no S 1 DAT action or 0 1 0 X STOP condition will be transmitted; 
STO flag will be reset 

no SlOAT action 1 1 0 X STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 

28H Data byte in Sl DAT has Load data byte or 0 0 0 X Data byte will be transmitted; 
been transmitted; ACK ACK bit will be received 
has been received no Sl DATaction or 1 0 0 X Repeated START will be transmitted; 

no SlDAT action or 0 1 0 X STOP condition will be transmitted; 
STO flag will be reset 

no SlOAT action 1 1 0 X STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 

30H Data byte in Sl DAT has Load data byte or 0 0 0 X Data byte will be transm itted; 
been transmitted; NOT ACK bit will be received 
ACK has been received no Sl DATaction or 1 0 0 X Repeated START will be transmitted; 

no Sl DAT action or 0 1 0 X STOP condition will be transmined; 
STO flag will be reset 

no SlOAT action 1 1 0 X STOP condition followed by a 
START condition will be transmitted; 
STO flag will be reset 

38H Arbitration lost in No Sl DAT action or 0 0 0 X 12C bus will be released; 
SLA+RiWor not addressed slave will be entered 
Data bytes No Sl DAT action 1 0 0 X A START condition will be transmitted when the 

bus becomes free 
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Table 4. Master Receiver Mode 

STATUS STATUS OF mE APPUCATION SOFTWARE RESPONSE 

CODE 12C BUS AND TO/FROM SlOAT TOS1CON NEXT ACTION TAKEN BY SIOl HARDWARE 

(SlSTA) SIOl HARDWARE STA STO SI AA 

a8H A START condition has LoadSLA+R X a a x SLA+R will be transmitted; 
been transm illed ACK bit will be received 

10H A repeated START Load SLA+R or X a 0 x As above 
condition has been LoadSLA+W X 0 a X SLA+W will be transmitted; 
transmitted SIOl will be switched to MSTITRX mode 

38H Arbitration lost in No Sl DAT action or 0 a a X 12C bus will be released; 
NOT ACKbit SIOl will enter a slave mode 

No Sl DAT action 1 0 a X A START condition will be transmitted when the 
bus becomes free 

4aH SLA+R has been No Sl DAT action or 0 a 0 a Data byte will be received; 
transmitted; ACK has NOT ACK bit will be retumed 
been received no SWAT action a 0 a 1 Data byte will be received; 

ACK bit will be returned 

48H SLA+R has been No Sl DAT action or 1 0 a X Repeated START condition will be transmitted 
transmitted; NOT ACK 
has been received no SlDATaction or a 1 0 X STOP condition will be transmitted; 

STO Hag will be reset 
no SWAT action 1 1 a x STOP condition followed by a 

START condition will be transmitted; 
STO Hag will be reset 

SOH Data byte has been Read data byte or a a 0 a Data byte will be received; 
received; ACK has been NOT ACK bit will be returned 
returned read data byte a 0 0 1 Data byte will be received; 

ACK bit will be returned 

58H Data byte has been Read data byte or 1 a 0 X Repeated START condition will be transmitted 
received; NOT ACK has 
been returned read data byte or a 1 0 X STOP condition will be transmitted; 

STO flag will be reset 
read data byte 1 1 0 X STOP condition followed by a 

START condition will be transmitted; 
STO Hag will be reset 
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Table 5. Slave Receiver Mode 

STATUS STATUS OF THE APPUCATION SOFTWARE RESPONSE 

CODE IlIC BUS AND TOIFROM SlOAT TOS1CON NEXT ACTION TAKEN BY SIOl HARDWARE 

(SlSTA) SI01 HARDWARE STA STO SI AA 

SOH Own 5LA+W has No 51 OAT action or X 0 0 0 Data by1e will be received and NOT ACK will be 
been received; ACK returned 
has been returned no 51 OAT action X 0 0 1 Data by1e will be received and ACK will be retumed 

6SH Arbitration lost in No 51 OAT action or X 0 0 0 Data by1e will be received and NOT ACK will be 
SLA+RIW as master; returned 
Own SLA+W has no SlOAT action X 0 0 1 Data by1e will be received and ACK will be returned 
been received, ACK 
returned 

70H General call address No SlOAT action or X 0 0 0 Data by1e will be received and NOT ACK will be 
(OOH) has been returned 
received; ACK has no 51 OAT action X 0 0 1 Data by1e will be received and ACK will be returned 
been returned 

7SH Arbitration lost in No SlOAT action or X 0 0 0 Data by1e will be received and NOT ACK will be 
SLA+RIW as rnaster; returned 
General call address no SlOAT action X 0 0 1 Data by1e will be received and ACK will be returned 
has been received, 
ACKhas been 
returned 

SOH Previously addressed Read data by1e or X 0 0 0 Data by1e will be received and NOT ACK will be 
with own SLV returned 
address; DATA has read data byte X 0 0 1 Data by1e will be received and ACK will be returned 
been received; ACK 
has been returned 

SSH Previously addressed Read data by1e or 0 0 0 0 Switched to not addressed SLV mode; no 
with own SLA; DATA recognition of own SLA or General call address 
byte has been read data by1e or 0 0 0 1 Switched to not addressed SLV mode; Own SLA will 
received; NOT ACK be recognized; General call address will be 
has been returned recognized if SlADR.O = logic 1 

read data by1e or 1 0 0 0 Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transrnitted when the bus 
becomes free 

read data byte 1 0 0 1 Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmit1ed when the bus becomes free. 

90H Previously addressed Read data by1e or X 0 0 0 Data byte will be received and NOT ACK will be 
with General Call; returned 
DATA by1e has been read data byte X 0 0 1 Data byte will be received and ACK will be returned 
received; ACK has 
been returned 

9SH Previously addressed Read data by1e or 0 0 0 0 Switched to not addressed SLV mode; no 
with General Call; recognition of own SLA or General call address 
DATA by1e has been read data byte or 0 0 0 1 Switched to not addressed SLV mode; Own SLA will 
received; NOT ACK be recognized; General call address will be 
has been returned recognized if 51ADR.O = logic 1 

read data byte or 1 0 0 0 Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 

read data byte 1 0 0 1 Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SlADR.O = logic 1. A START condition 
will be transmit1ed when the bus becomes free. 
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Table 5. Slave Receiver Mode (Continued) 
STATUS STATUS OF THE APPUCATION SOFTWARE RESPONSE 

CODE 12C BUS AND TOIFROM SlOAT TOS1CON NEXT ACTION TAKEN BY SIOl HARDWARE 

(SlSTA) SIOl HARDWARE STA STO SI AA 

AOH A STOP condition or Read data byte or 0 0 0 0 Switched to not addressed SLY mode; no 
repeated START recognition of own SLA or General call address 
condition has been read data byte or 0 0 0 1 Switched to not addressed SLY mode; Own SLA will 
received while still be recognized; General call address will be 
addressed as recognized if SlADR.O ~ logic 1 
SLVlREC or SLVITRX read data byte or 1 0 0 0 Switched to not addressed SLY mode; no 

recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 

read data byle 1 0 0 1 Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if Sl ADR.O ~ logic 1. A START condition 
will be transmitted when the bus becomes free. 

Table 6. Slave Transmitter Mode 
STATUS STATUS OF THE APPUCATION SOFTWARE RESPONSE 

CODE 12C BUS AND TOIFROM SlOAT TOS1CON NEXT ACTION TAKEN BY SIOl HARDWARE 

(SlSTA) 5101 HARDWARE STA STO SI AA 

ASH Own SLA+R has been Load data byte or X 0 0 0 Last data byte will be transmitted and 
received; ACK has ACK bit will be received 
been returned load data byte X 0 0 1 Data byte will be transmitted; ACK will be received 

BOH Arbitration lost in Load data byte or X 0 0 0 Last data byte will be transmitted and ACK bit will 
SLA+RIW as master; be received 
Own SLA+R has been load data byte X 0 0 1 Data byte will be transmitted; ACK bit will be 
received, ACK has received 
been returned 

BSH Data byle in Sl DAT Load data byte or X 0 0 0 Last data byte will be transmitted and 
has been transmitted; ACK bit will be received 
ACKhas been load data byte X 0 0 1 Data byte will be transmitted; ACK bit will be 
received received 

COH Data byte in Sl DAT No Sl DAT action or 0 0 0 0 Switched to not addressed SLY mode; no 
has been transmitted; recognition of own SLA or General call address 
NOT ACK has been no Sl DAT action or 0 0 0 1 Switched to not addressed SLY mode; Own SLA will 
received be recognized; General call address will be 

recognized if SlADR.O ~ logic 1 
no S 1 DAT action or 1 0 0 0 Switched to not addressed SLY mode; no 

recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 

no Sl DAT action 1 0 0 1 Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized if Sl ADR.O ~ logic 1. A START condition 
will be transmitted when the bus becomes free. 

CSH Last data byle in No Sl DATaction or 0 0 0 0 Switched to not addressed SLY mode; no 
SlOAT has been recognition of own SLA or General call address 
transmitted (AA ~ 0); no S1DAT action or 0 0 0 1 Switched to not addressed SLY mode; Own SLA will 
ACKhas been be recognized; General call address will be 
received recognized if SlADR.O = logic 1 

no S1DAT action or 1 0 0 0 Switched to not addressed SLY mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 

no Sl DAT action 1 0 0 1 Switched to not addressed SLY mode; Own SLA will 
be recognized; General call address will be 
recognized il SlADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 
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Slave Transmitter Mode: In the slave 
transmitter mode, a number of data bytes are 
transmitted to a master receiver (see 
Figure 20). Data transfer is initialized as in 
the slave receiver mode. When SlADR and 
Sl CON have been initialized, SIOl waits 
until it is addressed by its own slave address 
followed by the data direction bit which must 
be "1" (R) for SIOl to operate in the slave 
transmitter mode. After its own slave address 
and the R bit have been received, the serial 
interrupt flag (SI) is set and a valid status 
code can be read from SI STA. This status 
code is used to vector to an interrupt service 
routine, and the appropriate action to be 
taken for each of these status codes is 
detailed in Table 6. The slave transmitter 
mode may also be entered if arbitration is lost 
while SIOl is in the master mode (see state 
BOH). 

If the AA bit is reset during a transfer, SIOl 
will transmit the last byte of the transfer and 
enter state COH or C8H. SIO 1 is switched to 
the not addressed slave mode and will ignore 
the master receiver if it continues the transfer. 
Thus the master receiver receives all 1 s as 
serial data. While AA is reset, SIOI does not 
respond to its own slave address or a general 
call address. However, the 12C bus is still 
monitored, and address recognition may be 
resumed at any time by setting AA. This 
means that the AA bit may be used to 
temporarily isolate SIOI from the 12C bus. 

Miscellaneous States: There are two 
SISTA codes that do not correspond to a 
defined SIOI hardware state (see Table 7). 
These are discussed below. 

SISTA= F8H: 

This status code indicates that no relevant 
information is available because the serial 
interrupt flag, SI, is not yet set. This occurs 
between other states and when SIOI is not 
involved in a serial transfer. 

SISTA=OOH: 

This status code indicates that a bus error 
has occurred during an SIOI serial transfer. 
A bus error is caused when a START or 
STOP condition occurs at an illegal position 
in the format frame. Examples of such illegal 
positions are during the serial transfer of an 
address byte, a data byte, or an acknowledge 
bit. A bus error may also be caused when 
extemal interference disturbs the internal 
SIOI signals. When a bus error occurs, SI is 
sel. To recover from a bus error, the STO flag 
must be set and SI must be cleared. This 
causes SIOI to enter the "not addressed" 
slave mode (a defined state) and to clear the 
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STO Hag (no other bits in SlCON are 
affected). The SDA and SCl lines are 
released (a STOP condition is not 
transmitted). 

Some Special Cases: The SIOI hardware 
has facilities to handle the following special 
cases that may occur during a serial transfer: 

Simultaneous Repeated START Conditions 
from Two Masters 

A repeated START condition may be 
generated in the master transmitter or master 
receiver modes. A special case occurs if 
another master simultaneously generates a 
repeated START condition (see Figure 21). 
Until this occurs. arbitration is not lost by 
either master since they were both 
transmitting the same data. 

I! the SIOl hardware detects a repeated 
START condition on the 12C bus before 
generating a repeated START condition itsel!, 
it will release the bus, and no interrupt 
request is generated. I! another master frees 
the bus by generating a STOP condition, 
SIOl will transmit a normal START condition 
(state 08H), and a retry of the total serial data 
transfer can commence. 

Data Transfer After loss of Arbitration 

Arbitration may be lost in the master 
transmitter and master receiver modes (see 
Figure 13). loss of arbitration is indicated by 
the following states in SISTA; 38H, 68H, 
78H, and SOH (see Figures 17 and 18). 

I! the STA flag in SI CON is set by the 
routines which service these states, then, if 
the bus is free again. a START condition 
(state 08H) is transmitted without intervention 
by the CPU, and a retry of the total serial 
transfer can commence. 

Forced Access to the 12C Bus 

In some applications, it may be possible for 
an uncontrolled source to cause a bus 
hang-up. In such situations, the problem may 
be caused by interference, temporary 
interruption of the bus or a temporary 
short-circuit between SDA and SCL 

I! an uncontrolled source generates a 
superfluous START or masks a STOP 
condition, then the 12C bus stays busy 
indefinitely. If the STA flag is set and bus 
access is not obtained within a reasonable 
amount of time, then a foroed access to the 
12C bus is possible. This is achieved by 
setting the STO flag while the STA flag is still 
set. No STOP condition is transmitted. The 
SIOI hardware behaves as if a STOP 
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condition was received and is able to transmit 
a START condition. The STO Hag is cleared 
by hardware (see Figure 22). 

12C Bus Obstructed by a Low Level on SCl 
orSDA 

An 12C bus hang-up occurs if SDA or SCl is 
pulled lOW by an uncontrolled source. I! the 
SCl line is obstructed (pulled lOW) by a 
device on the bus, no further serial transfer is 
possible, and the SIOI hardware cannot 
resolve this type of problem. When this 
occurs, the problem must be resolved by the 
device that is pulling the SCl bus line lOW. 

If the SDA line is obstructed by another 
device on the bus (e.g., a slave device out of 
bit synchronization), the problem can be 
solved by transmitting additional clocIk pulses 
on the SCl line (see Figure 23). The SlOt 
hardware transmits additional clocIk pulses 
when the STA flag is set, but no START 
condition can be generated because the SDA 
line is pulled lOW while the 12C bus is 
considered free. The SIOI hardware 
attempts to generate a START condition after 
every two additional cloclk pulses on the SCl 
line. When the SDA line is eventually 
released, a normal START condition is 
transmitted. state OSH is entered, and the 
serial transfer continues. 

I! a forced bus access occurs or a repeated 
START condition is transmitted while SDA is 
obstructed (pulled lOW), the SIOI hardware 
performs the same action as described 
above. In each case. state OSH is entered 
after a successful START condition is 
transmitted and normal serial transfer 
continues. Note that the CPU is not involved 
in solving these bus hang-up problems. 

Bus Error 

A bus error occurs when a START or STOP 
condition is present at an illegal position in 
the format frame. Examples of illegal 
positions are during the serial transfer of an 
address byte, a data or an acknowledge bit. 

The SIOl hardware only reacts to a bus elTor 
when it is involved in a serial transfer either 
as a master or an addressed slave. When a 
bus error is detected, SIOl immediately 
switches to the not addressed slave mode, 
releases the SDA and SCl lines, sets the 
interrupt flag, and loads the status register 
with OOH. This status code may be used to 
vector to a service routine which either 
attempts the aborted serial transfer again or 
simply recovers from the error condition as 
shown in Table 7. 
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Table 7. Miscellaneous States 

STATUS STATUS OF THE APPUCATION SOFTWARE RESPONSE 

CODE I2CBUSAND TOIFROM S1DAT TOS1CON NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) SI01 HARDWARE STA STO SI AA 

F8H No relevant state No SlOAT action No Sl CON action Wait or proceed current transfer 
information available; 
SI ;0 

OOH Bus error during MST or No SlOAT action 0 1 0 X Only the internal hardware is affected in the 
selected slave modes, MST or addressed SLV modes. In all cases, 
due to an illegal START the bus is released and Sial is switched to the 
or STOP condition. State not addressed SLV mode. STO is reset. 
OOH can also occur 
when interference 
caUseS Sial to enter an 
undefined state . 

.--.----~----~~------r_--r_~----------~~~_r---

SLA W I A I Oa .. Other MST Continues SLA 

~~ ____ ~ __ L-~~ ______ ~~~~----------L-~~~---
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DIller Maater Send. R __ 1ed 
START Condition Earlier 

Retry 

Figure 21. Simultaneous Repealed START Conditions from 2 Masters 
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~ nnw LiRit ==l 
STAflag ~------I-+-------

STOftag __ ~Il~ ________________ _ 
SDAline 

SCLline 

Start Condition ~l 

Figure 22. Forced Access to a Busy 12C Bus 

STAfiag ~ 
---,~_(I) ____ ~L-(I_) __ ---'r IL..-(3) __ _ SOAline 

SCLUne 

(1) Unsuccessful attempt to send • Start condition 

(2) SOA line released 

Start Condition 

(3) Successful attempt to send. Start condition; state D8H is entered 

Figure 23. Recovering from a Bus Obstruction Caused by a Low Level on SOA 

Software Examples of SI01 Service 
Routines: This section consists of a software 
example for: 
- Initialization of SIOI after a RESET 

- Entering the SIOI interrupt routine 

- The 26 state service routines for the 

- Master transmitter mode 

- Master receiver mode 

- Slave receiver mode 

- Slave transmitter mode 

Initialization 

In the initialization routine. SIOI is enabled 
for both master and slave modes. For each 
mode, a number of bytes of internal data 
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RAM are allocated to the SIO to act as either 
a transmission or reception buffer. In this 
example. B bytes of internal data RAM are 
reserved for different purposes. The data 
memory map is shown in Figure 24. The 
initialization routine performs the following 
functions: 
- SIADR is loaded with the part·s own slave 

address and the general call bit (GC) 

- Pl.6 and P1.7 bit latches are loaded with 
logic Is 

- RAM location HADD is loaded with the 
high-order address byte of the service 
routines 

- The SIOI interrupt enable and interrupt 
priority bits are set 
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- The slave mode is enabled by 
simultaneously setting the ENSI and AA 
bits in SICON and the serial clock 
frequency (for master modes) is defined by 
loading CRO and CRI in SI CON. The 
master routines must be started in the main 
program. 

The SIOI hardware now begins checking the 
12C bus for its own slave address and general 
call. If the general call or the own slave 
address is detected. an interrupt is requested 
and SI STA is loaded with the appropriate 
state information. The following text 
describes a fast method of branching to the 
appropriate service routine. 
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SIOI Interrupt Routine 

When the SIOI interrupt is entered, the PSW 
is first pushed on the stack. Then SI STA and 
HADD (loaded with the high-order address 
byte of the 26 service routines by the 
initialization routine) are pushed on to the 
stack. SI STA contains a status code which is 
the lower byte of one of the 26 service 
routines. The next instruction is RET, which is 
the retum from subroutine instruction. When 
this instruction is executed, the high and low 
order address bytes are popped from stack 
and loaded into the program counter. 

The next instruction to be executed is the first 
instruction of the state service routine. Seven 
bytes of program code (which execute in 
eight machine cycles) are required to branch 
to one of the 26 state service routines. 
SI PUSH PSW Save PSW 

PUSH SISTA Push status code 
(low order 
address byte) 

PUSH HADD Push high order 
address byte 

RET Jump to state 
service routine 

The state service routines are located in a 
256-byte page of program memory. The 
location of this page is defined in the 
initialization routine. The page can be located 
anywhere in program memory by loading 
data RAM register HADD with the page 
number. Page 01 is chosen in this example, 
and the service routines are located between 
addresses 01 OOH and 01 FFH. 

The State Service Routines 

The state service routines are located 8 bytes 
from each other. Eight bytes of code are 
sufficient for most of the service routines. A 
few of the routines require more than 8 bytes 
and have to jump to other locations to obtain 
more bytes of code. Each state routine is part 
of the SIOI interrupt routine and handles one 
of the 26 states. It ends with a RETI 
instruction which causes a return to the main 
program. 
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Master Transmitter and Master Receiver 
Modes 

The master mode is entered in the main 
program. To enter the master transmitter 
mode, the main program must first load the 
intemal data RAM with the slave address, 
data bytes, and the number of data bytes to 
be transmitted. To enter the master receiver 
mode, the main program must first load the 
intemal data RAM with the slave address and 
the number of data bytes to be received. The 
RIW bit determines whether SIOI operates in 
the master transmitter or master receiver 
mode. 

Master mode operation commences when the 
STA bit in SI CION is set by the SETB 
instruction and data transfer is controlled by 
the master state service routines in 
accordance with Table 3, Table 4, Figure 17, 
and Figure 18. In the example below, 4 bytes 
are transferred. There is no repeated START 
condition. In the event of lost arbitration, the 
transfer is restarted when the bus becomes 
free. If a bus error occurs, the 12(; bus is 
released and SIOI enters the not selected 
slave receiver mode. If a slave device retums 
a not acknowledge, a STOP condition is 
generated. 

A repeated START condition can be included 
in the serial transfer if the STA flag is set 
instead of the STO flag in the state service 
routines vectored to by status codes 28H and 
58H. Additional software must be written to 
determine which data is transferred after a 
repeated START condition. 

Slave Transmitter and Slave Receiver Modes 

After initialization, SIOI continually tests the 
12C bus and branches to one of the slave 
state service routines if it detects its own 
slave address or the general call address 
(see Table 5, Table 6, Figure 19, and Figure 
20). If arbitration was lost while in the master 
mode, the master mode is restarted after the 
current transfer. If a bus error occurs, the 12C 
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bus is released and SIOI enters the not 
selected slave receiver mode. 

In the slave receiver mode, a maximum of 8 
received data bytes can be stored in the 
intemal data RAM. A maximum of 8 bytes 
ensures that other RAM locations are not 
overwritten if a master sends more bytes. If 
more than 8 bytes are transmitted, a not 
acknowledge is retumed, and SIOI enters 
the not addressed slave receiver mode. A 
maximum of one received data byte can be 
stored in the intemal data RAM after a 
general call address is detected. If more than 
one byte is transmitted, a not acknowledge is 
retumed and SIOI enters the not addressed 
slave receiver mode. 

In the slave transmitter mode, data to be 
transmitted is obtained from the same 
locations in the intemal data RAM that were 
previously loaded by the main program. After 
a not acknowledge has been returned by a 
master receiver device, SIOI enters the not 
addressed slave mode. 

Adapting the Software for Different 
Applications 

The following software example shows the 
typical structure 01 the interrupt routine 
including the 26 state service routines and 
may be used as a base for user applications. 
II one or more 01 the four modes are not 
used, the associated state service routines 
may be removed but, care should be taken 
that a deleted routine can never be invoked. 

This example does not include any time-out 
routines. In the slave modes, time-out 
routines are not very useful since, in these 
modes, SIOI behaves essentially as a 
passive device. In the master modes, an 
internal timer may be used to cause a 
time-out il a serial transfer is not complete 
after a defined period 01 time. This time 
period is defined by the system connected to 
the 12C bus. 
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Special Function Register. 

SlADR 

SlOAT 

S.STA 

SleON CR2 , ENS.' STA , STO , 51 

PSW I 
IPO I PSI 

IENO I EA I ES. 

P'l p1.71 p •. 61 

t 

Internal Data RAM 

I 
Backup Origin" Value of NUMBYTMST 

NUMBYTMST Number of Bytes .a Master 

SLA SLA+RiW to be Transmitted to SLA 

HADD Higher Address Byte ""errupt Routine 

I GC 

I o I 0 I 0 

I AA I CRI , CRO 

f 
DB 

DA 

DO 

D8 

100 

loo 

lAB 

I~ 
Iso 

17F 

53 

5. 

50 

4F t Slave Tranarmtter Data RAM I 
STD 11--------1 48 

T Slave Receiver Data RAM T 
~l l~ 

T Master Receiver Data RAM T 
~l l~ 

t Master Transmitter Data RAM I 
~l~ 

rI : r: 
~ _________________________ ~Ioo 

Figure 24. SI01 Data Memory Map 
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0008 
0009 
OOOA 
OOOB 

OOAS 
00B8 

0000 
OOBO 

0005 

OOC5 

OOCl 

OOE5 

0031 

OOAO 

0001 
OOCO 
OOCl 
0018 

0030 
0038 
0040 
0048 

0053 

0052 

0051 

0050 
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!"''''**.'''.'''** ............. ********* •• ***.** ••••••••••••• _* ...... "''''''' ... ** ••••••••••••••• _*** •• **** •••• *** ••• 1t 

! SIOl EQUATE LIST 
, ••••••• *** ••• iIr •• * •••• *_ ••••• *.**** •••• * •• "' ••••••••• _ •• "' .................. _* .............................. . 
!"'.**fr •• **** ••••••• ****_** •• **** •••••••••••• **."'** •• *** •••• _ ••• _ • ..-* •• __ •••••••••••••••••••••••••••• "'. 

! LOCATIONS OF THE SIOl SPECIAL FUNCTION REGISTERS 

SlCON --{)xd8 

SlSTA --{)xd9 

SlOAT --{)xda 
SlAOR --{)xdb 

IENO --{)xa8 
IPO --{)2b8 

! BIT LOCATIONS 
, ••••••••••••••• ** •••• ***** •• ,,* •• **.*****.**.****.**._",**.****",.",.***.* ... fr.*"' •• ***._**** ••••• * •••• ***.** 

STA --{)xdd I STA bit in SlCON 
SI01HP --{)xbd ! IPO, SIOl Priority bit 

,**********1r"'****.****.****.*"'.".*.fI**1t****iIt*"' ••• W •• **1t************* •• "'*"'********* •• ****** ••• *** ••• ****** 

! IMMEDIATE DATA TO WRITE INTO REGISTER SlCON 
!**** .............................. *.*********************** .. * •• **.**********.**********-******************** 

ENS l_NOTSTA_STO _NOTSLAA_ CRO --{)xd5 ! Generates STOP 
! (CRO = 100kHz) 

ENS l_NOTSTA_NOTSTO _NOTSLAA_CRO --{)xc5 I Releases BUS and 
!ACK 

ENS1_NOTSTA_NOTSTO _NOTSI_NOTAA_ CRO --{)xcl ! Releases BUS and 
!NOTACK 

ENS1_STA_NOTSTO_NOTSI_AA_CRO --{)xe5 ! Releases BUS and 
!setSTA 

!**********************************.*"'*.**.******.***-***.***.***** .. *-***.****-******.*****.**** •• ** •• ** 

! GENERAL IMMEDIATE DATA 
!**.**** ..... * ... ** ... **************************"'.*"'** •••• "'-"'."'**"'''' ••• '''''''''.** •• '''****** ..... _ ....... ***.*.****.*.*. 

OWNSLA --{)x31 ! Own SLA+General Call 
! must be written intoS1AOR 

ENSIOl --{)xaO ! EA+ES1, enable SIOl interrupt 
! must be written into IENO 

PAGl --{)xOl ! select PAGl as HAOO 
SLAW --{)xcO I SLA+W to be transmitted 
SLAR --{)xcl I SLA+R to be transmitted 
SELRB3 --{)x18 ! Select Register Bank 3 

!*.********.***** ...... *-******.** ••• ** .. * •• *.*******.******** ••• ******** .. *** •••••• *******"'.* ..... *.* •• *.*. 

! LOCATIONS IN DATA RAM 
!*** ••••• ** •••• ** ••• * •• *.* •• ***.******.****.*.***** •• ** •••••• * ••••••••••••• * ••• *"'**"' •••••• ************.** 

MTD --{)x30 ! MSTITRXlOATA base address 
MRO --{)x38 I MST/REC/OATA base address 
SRO --{)x40 ! SLVlRECIDATA base address 
STD --{)x48 ! SLVITRXlOATA base address 

BACKUP --{)x53 I Backup from NUMBYTMST 
! To restore NUMBYTMST in case 
! of an Arbitration Loss. 

NUMBYTMST --{)x52 ! Number of bytes to transmit 
! or receive as MST. 

SLA --{)x51 ! Contains SLA+RIW to be 
! transmitted. 

HAOO --{)x5O ! High Address byte for STATE 0 
! till STATE 25. 
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0000 

0200 

0203 
0205 
0207 
020A 
0200 

020F 

0212 
0215 
0218 

021A 
0210 
0220 

4100 

750831 

0296 
0297 
755001 
43A8AO 
C2BO 

7508C5 

755204 
7551 CO 
0200 

755204 
7551Cl 
0200 

March 1993 

8XC5521562 overview 

, .... ** ••••••• ****** •• **_.*** ••••••• ****** ........... "***** .... ******* ••••• ** ............................... "'* 

! INITIALIZATION ROUTINE 
! Example to initialize IIC Interface as slave receiver or 
! slave transmitter and start a MASTER TRANSMIT or a MASTER 
! RECEIVE function. 4 bytes will be transmitted or received . 

. sect slrt 

.base OxOO 
ajmp INIT !RESET 

.sect initial 

.base Ox200 
IN IT: mov S lAOR,#OWNSLA ! Load own SLA + enable 

1 general call recognition 
setb Pl(S) 1 Pl .S High level. 
setb Pl(7) 1 Pl.7 High level. 
mov HAOO,#PAGl 
or! IENO,#ENSIOl 1 Enable SIOl interrupt 
clr SI01HP 1 SIO 1 interrupt low 

1 priority 
mov SlCON, #ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 

1 Initialize SLV tunc!. 

!""'" •• " .................................................. "* ......... "' •• 1r ...... ,, ...... "' ••••••• ** •• *****.***.**** 

~------------------------------------------------
1 START MASTER TRANSMIT FUNCTION 

~------------------------------------------------

mov NUMBYTMST,#Ox4 
mov SLA,#SLAW 
setb STA 

1 Transmit 4 bytes. 
1 SLA+W, Transmit tuncl. 
1 set STA in Sl CON 

1-------------------------------------------------
1 START MASTER RECEIVE FUNCTION 

~------------------------------------------------
mov NUMBYTMST,#Ox4 1 Receive 4 bytes. 
mov SLA,#SLAR ! SLA+R, Receive tunc!. 
setb STA ! set STA in Sl CON 
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oo2B 
0020 
oo2F 
0031 

COOO 
C009 
COSO 
22 

0100 750805 

0103 DODO 
0105 32 
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!'*"' ... ***** •• ****_ ........................... * ................ " .. _ ............................ * ........ _* •• "t<t ..... "' ...... '*.**. 

I SIOl INTERRUPT ROUTINE 

.sect intvec 

.base OXOO 
! SIOl interrupt vector 

! Sl STA and HAOO are pushed onto the stack. They serve as 
! retum address for the RET instruction. 
! The RET instruction sets the Program Counter to address 
! HAOO, Sl STA and jumps to the right subroutine. 

push psw 
push SlSTA 
push HAOO 
ret 

! save psw 

! JMP to address 
! HAOO,SlSTA. 

~------------------------------------------------
! STATE : 00, Bus error. 
! ACTION: Enter not addressed SLV mode and release bus. 

STOrase!. 

~------------------------------------------------
.sect stO 
.base Oxloo 

750 

mov SlCON,#ENSl NOTSTA STO NOTSI AA CRO I cirSI 
- - !set STO,AA 

pop psw 
reti 
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010S 
010B 

85510A 
7508C5 

010E 01AO 

0110 8551DA 
01t3 7508C5 

010E 01AO 

OOAO 750018 
OOA3 7930 
OOA5 7838 
OOA7 855253 
OOAA DODO 
OOAC 32 
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1********** .. ***· .. ······_········· .... ·**·············_··· ................................................ . 
! MASTER STATE SERVICE ROUTINES 

! State 08 and State 10 are both for MSTrrRX and MSTIREC. 
I The RIW bit decides whether the next state is within 
! MSTrrRX mode or within MST/REC mode. 

~------------------------------------------------
I STATE : OS, A, START condition has been transmitted. 
! ACTION: SLA+RIW are transmitted, ACK bit is received. 

~------------------------------------------------
.sect mlS8 
.base OxlOS 

mov S1DAT,SLA ! Load SLA+RIW 
mov SlCON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 

!clr SI 
ajmp INITBASEl 

~------------------------------------------------
! STATE: 10, A repeated START condition has been 
! transmitted. 
! ACTION: SLA+RIW are transmitted, ACK bit is received. 

~------------------------------------------------
.sec! mlSl0 
.base Oxll0 

mov S1DAT,SLA I Load SLA+RIW 
mov SlCON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 

Iclr SI 
ajmp INITBASEl 

.sect ibasel 

.base OxaO 
INITBASE1: mov psw,#SELRB3 

mov rl,#MTO 
mov rO,#MRO 
mov BACKUP,NUMBYTMST ! Save initial value 
pop psw 
reti 
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0118 
011B 
0110 

750018 
870A 
0185 

0120 750805 

0123 DODO 
0125 32 

0128 055285 
012B 750805 

012E 0189 

0080 750018 
0083 870A 
0085 7508C5 

0088 09 
OOB9 DODO 
OOBB 32 
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!.******************* ••••••••••••••• *****.****.***** .... ********************** ••• ***_*******iIr.**.IIr.*****. 

1· .. ···················**···························· .. ·· ............................................... . 
I MASTER TRANSMITTER STATE SERVICE ROUTINES 
!**************** •• _.******.""._*--******-****_. __ ._***-*. __ .•.•.. _ .. __ .....•.. _-_ ............. _._._ .. '" 
!**.*******.******.***.*** ••••••••• ****.************ .... ************************** •• _ ••••• ******* •••• **** 

~------------------------------------------------
I STATE 18, Previous state was STATE 8 or STATE 10, 
I SLA+W have been transmitted, ACK has 
I been received. 
! ACTION: First DATA is transmitted, ACK bit 
I is received. 

~------------------------------------------------
.sect mts18 
.base Ox118 

mov psw.#SElR83 
mov SlOAT.@rl 
ajmp CON 

~------------------------------------------------
I STATE : 20. SLA+W have been transmitted. NOT ACK 
! has been received 
! ACTION: Transmit STOP condition. 

~------------------------------------------------
.sect mts20 
.base Oxll0 

mov SICON.#ENSI NOTSTA STO NOTSI AA CRO 
- !set STO. dr-SI -

pop psw 
reti 

~------------------------------------------------
I STATE : 28. DATA of SlOAT have been transmitted. 
I ACK received. 
! ACTION: If Transmitted DATA is last DATA then 
I transmit a STOP condition. else transmit 

next DATA. 

1-------------------------------------------------
.sect mts28 
.base Ox128 

.sect mts28sb 

.base OxObO 
NOTlOATl: 

CON: 

RETmt 
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djroz 
mov 

ajmp 

mov 
mov 
mav 

inc 
pop 
reti 

NU MBYTMST, NOTLDATl I JMP if NOT last DATA 
SICON.#ENS1_NOTSTA_STO_NOTSLAA_CRO 

I clr SI, set AA 
RETmt 

psw,#SElRB3 
SlOAT,@rl 
SICON.#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 

I clr SI, set AA 
rl 
psw 
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0130 

0133 
0135 

0138 
013B 
013E 

0140 

0143 

0148 

014B 
0140 

750805 

DODO 
32 

75D8E5 
855352 
01B9 

75D8C5 

01CB 

750805 

DODO 
32 
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~------------------------------------------------
! STATE : 30, DATA of SlOAT have been transmitted, 
! NOT ACK received. 
! ACTION: Transmit a STOP condition. 

~------------------------------------------------
.sect mts30 
.base Ox13O 

mov SlCON,#ENS1_NOTSTA_STO_NOTSLM_CRO 
! set STO, elr SI 

pop psw 
reti 

~------------------------------------------------
! STATE : 38, Arbitration lost in SLA+W or DATA. 
! ACTION: Bus is released, not addressed SLV mode is 

entered. A new START condition is transmitted 
when the IIC bus is free again. 

~------------------------------------------------
.sect mts38 
.base Oxl38 

mov SlCON,#ENS1_STA_NOTSTO_NOTSLM_CRD 
mov NUMBYTMST,BACKUP 
ajmp RETmt 

!"""' •••••••• ""*.******".*************************************************.********************************** 
,.:It ........................................... "' .... " ..... *1t.1t ••• "",*****.,*.1t"' ••• 1Ir._* ••• **" ... **,************", 

! MASTER RECEIVER STATE SERVICE ROUTINES 
!******_."'************** •• ****-"''''** •• ***..-******''''._****.*.** ••• ","' ........ "'._ ••• _ ••• "'._._*._ ... -.* ...• "' •.. _--
' •• **********************"'* •••• ** •• **"'* •• **********11"* ••• *."'.**iII"***"'*.** ••••••••• ***.*************."'*** ••• 

~------------------------------------------------
! STATE : 40, Previous state was STATE 08 or STATE 10, 
I SLA+R have been transmitted, ACK received. 
! ACTION: DATA will be received, ACK returned. 

~------------------------------------------------
.sect mts40 
.base Ox14O 

mov SlCON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRD 
! elr STA, STO, SI set M 

pop psw 
reti 

~------------------------------------------------
! STATE : 48, SLA+R have been transmitted, NOT ACK 
! received. 
! ACTION: STOP condition will be generated. 
~------------------------------------------------
.sect mts48 
.base Oxl48 

753 

mov SlCON,#ENSl NOTSTA STO NOTSI M CRD 
- Iset STO, elr-SI -

pop psw 
reti 
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~------------------------------------------------
! STATE : SO, DATA have been received, ACK returned. 
! ACTION: Read DATA of Sl DAT. 
! DATA will be received, if it is last 

DATA then NOT ACK will be returned else ACK 
! will be returned. 

~------------------------------------------------
.sect mrsSO 
.base OxlSO 

.sect mrsSOs 

.base OxeO 

REC1: 

NOTLDAT2: 

RETmr: 

mav psw,#SELRB3 
mov @rO,SlDAT 
ajmp RECI 

! Read received DATA 

djnz NUMBYTMST,NOTlDAT2 
mov SlCON,#ENSI NOTSTA NOTSTO NOTSI NOTAA CAO 

- 'clr SI,AA- - -

sjmp RETmr 
mav SlCON,#ENSI NOTSTA NOTSTO NOTSI AA CRO 

- !clr SI, set AA - -

inc rO 
pop psw 
reti 

~------------------------------------------------
! STATE : 58, DATA have been received, NOT ACK 
I returned. 
! ACTION: Read DATA of SlOAT and generate a STOP 
! condition. 

!-------------------------------------------------
.sect mrs58 
.base Oxl58 
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mav psw,#SElRB3 
mav @O,SlDAT 
sjmp STOP 
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1******·· ... ****** ... ******···· ... ** ... ••• ... ····,..****······***· ..... **** •••• ** ...................... **** ••• ** •• * .... . 

!"'."' ••••••••••••••••••• _ •••••••• "'_ •••••••• "' ••••••••••• **** .... *.** ••• ****.* ......... ****.******* ••••••• ***.* 

! SLAVE RECEIVER STATE SERVICE ROUTINES 
, •• ** •••••• **.*********_ •••••••• **********.***.********** •••••••••••••••••••••••••• ** •• ***** •• *** •• **.** 
, ••••••••• *** ••• **** ..... *** ••••••••• *****.*** ••••••••• - •••••••••• ** ••••• *** ................. *.*** ••• **.** •• 

~------------------------------------------------
! STATE : 50, Own SLA+W have been received, ACK 

returned. 
I ACTION: DATA will be received and ACK returned. 

~------------------------------------------------
.sect srs60 
.base Oxl60 

mov SlCON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
I clr SI, set AA 

mav psw,#SELRB3 
ajmp INITSRO 

.sect insrd 

.base OxdO 

INITSRO: mov rO,#SRO 
mov rl,#8 
pop psw 
reti 

1-------------------------------------------------
I STATE : 68, Arbitration lost in SLA and RIW as MST 
! Own SLA+W have been receiVed, ACK returned 
! ACTION: DATA will be received and ACK returned. 

STA is set to restart MST mode after the 
! bus is free again. 

~------------------------------------------------
.sect srs68 
.base Ox168 

mov SlCON,#ENSCSTA_NOTSTO_NOTSI_AA_CRO 
mov psw,#SELR83 
ajmp INITSRO 

~------------------------------------------------
! STATE : 70, General call has been received, ACK 
I returned. 
! ACTION: DATA will be received and ACK returned. 

~------------------------------------------------
.sect srs70 
.base Ox170 

mav SlCON,#ENSl NOTSTA NOTSTO NOTSI AA CRO 
- Iclr SI, set AA - -

mov psw,#SELR83 ! Initialize SRO counter 

~------------------------------------------------
! STATE : 78, Arbitration lost in SLA+RIW as MST. 
! General call has been received, ACK returned. 
I ACTION: DATA will be received and ACK returned. 
! STA is set to restart MST mode after the 

bus is free again. 

~------------------------------------------------
.sect srs78 
.base Ox178 
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mov S1CON,#ENS1_STA_NOTSTO_NOTSI_AA_CRO 
mov psw,#SELR83 ! Initialize SRO counter 
ajmp INITSRO 
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~------------------------------------------------
I STATE : 80, Previously addressed with own SLA. 
! DATA received, ACK returned. 
! ACTION: Read DATA. 

IF received DATA was the last THEN superfluous 
DATA will be received and NOT ACK returned ELSE 
next DATA will be received and ACK returned. 

b------------------------------------------------
.sect srs80 
.base Oxl80 

.sect srs80s 

.base Oxd8 

REC2: 

maY psw,#SELRB3 
may @rO,SlDAT 
ajmp REC2 

djnz rl,NOTLDAT3 

! Read received DATA 

mov SlCON,#ENSl NOTSTA NOTSTO NOTSI NOTAA CRO 
- felr SI,AA- - -

pop psw 
reti 

NOTLDAT2: mov SlCON,#ENSl NOTSTA NOTSTO NOTSI AA CRO 
- felr SI, set AA - -

RETsr: 
ine rO 
pop psw 
reti 

~------------------------------------------------
! STATE : 88, Previously addressed with own SLA. 
! DATA received NOT ACK retumed. 
! ACTION: No save of DATA, Enter NOT addressed SLV 

mode. Recognition of own SLA. General call 
! recognized, if S lADR. 0-1. 

b-------------------------------~----------------
.sect srs88 
.base Oxl88 

mov SlCON,#ENSl NOTSTA NOTSTO NOTSI AA CRO 
- felr SI, set AA - -

ajmp RETsr 

~------------------------------------------------
! STATE : 90, Previously addressed with general call. 
! DATA has been received, ACK has been returned. 
! ACTION: Read DATA. 
! After General call only one byte will be 
! received with ACK the second DATA will be 

received with NOT ACK. 
DATA will be received and NOT ACK 
returned. 

~------------------------------------------------
.sect srs90 
.base Oxl90 
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may psw,#SELRB3 
moy @rO,Sl DAT 
ajmp LDAT 

! Read received DATA 
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~------------------------------------------------
! STATE : 98, Previously addressed with general call. 

DATA has been received, NOT ACK has been 
returned. 

! ACTION: No save of DATA, Enter NOT addressed SLY 
mode. Recognition of own SLA. General call 

! recognized, if S1ADR. 0-1. 

~------------------------------------------------
.sect srs98 
.base Ox198 

mov S1CON,#ENS1 NOTSTA NOTSTO NOTSI AA CRO 
- !elr SI, set AA - -

pop psw 
reti 

!-------------------------------------------------
! STATE : AO, A STOP condition or repeated START has 

been received, while still addressed as 
! SLVlREC or SLVfTRX. 
! ACTION: No save of DATA, Enter NOT addressed SLY 

mode. Recognition of own SLA. General call 
! recognized, if S 1 ADR. 0-1. 
!-------------------------------------------------
.sect srsAO 
.base Ox1aO 

757 

mov S1CON,#ENS1 NOTSTA NOTSTO NOTSI AA CRO 
- !elr SI, set AA - -

pop psw 
reti 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

80C51 Family Derivatives 

01AS 
OIAB 

01AE 

OOE8 
OOEB 
OOED 
OOEE 
OOFO 

01BO 
0183 
0196 

8548DA 
75D8C5 

01E8 

750018 
7948 
09 
DODO 
32 

8548DA 
75D8E5 
01E8 

01B8 750018 
01BB 87DA 
01BD 01F8 

OOF8 75D8C5 

OOFB 09 
OOFC DODO 
OOFE 32 

March 1993 

8XC5521562 overview 

!***************_*************+********_**"'.* ••• ***"'***********",.******************_*****************1Ir** 

,*.********'******************"'**********it.ft.ft********** •••• * .............. ,.. __ •••••••• __ •••••••••••••••••••• 

! SLAVE TRANSMITTER STATE SERVICE ROUTINES 

~------------------------------------------------
!STATE : 
!ACTION: 

AS, Own SLA+R received, ACK returned. 
DATA will be transmitted, A bit received. 

~------------------------------------------------
.sect stsa8 
.base Oxla8 

mov SlOAT,STD ! load DATA in SlOAT 
mov SlCON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 

! clr SI, set AA 
ajmp INITBASE2 

.sect ibase2 

.base Oxe8 
INITBASE2: mov psw,#SELRB3 

mov rl, #STD 
inc rl 
pop psw 
reti 

!-------------------------------------------------
! STATE : BO, Arbitration lost in SLA and RIW as MST. 
! Own SLA+R received, ACK returned. 
! ACTION: DATA will be transmitted, A bit received. 

STA is set to restart MST mode after the 
! bus is Iree again. 

~------------------------------------------------
.sect stsbO 
.base OxlbO 

mov SlOAT,Sm ! load DATA in SlOAT 
mov SlCON,#ENS1_STA_NOTSTO_NOTSLAA_CRO 
ajmp INITBASE2 

~------------------------------------------------
! STATE: 98, DATA has been transmitted, ACK received. 
! ACTION: DATA will be transmitted, ACK bit is received. 

~------------------------------------------------
.sect stsbS 
.base OxlbS 

.sect sen 

.base Oxl8 

SCON: 

758 

mov psw,#SELRB3 
mov SlOAT,@rl 
ajmp SCON 

mov SlCON,#ENSCNOTSTA_NOTSTO_NOTSlyA_CRO 
! clr SI, set AA 

inc rl 
pop psw 
reti 
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OICO 75DaC5 

OlC3 DODO 
OlC5 32 

OICS 75DBC5 

OICB DODO 
OICD 32 

Reset Circuitry 
The reset circuitry for the aXC552 is 
connected to the reset pin RST. A Schmitt 
trigger is used at the input for noise rejection 
(see Figure 25). The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods) while the oscillator is 
running. The CPU responds by executing an 
internal reset. During reset, ALE and PSEN 
output a HIGH level. In order to perform a 
oorrect reset, this level must not be affected 
by external elements. The RST line can also 
be pulled HIGH internally by a pull-up 
transistor activated by the watchdog timer T3. 
The length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

Note that the short reset pulse from Timer T3 
cannot discharge the power-on reset 
capacitor (see Figure 26). Consequently, 
when the watchdog timer is also used to set 
external devices, this capacitor arrangement 
should not be connected to the RST pin, and 
a different circuit should be used to perform 
the power-on reset operation. A timer T3 
overflow, if enabled, will force a reset 
oondition to the aXC552 by an internal 
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~------------------------------------------------
! STATE CO, DATA has been transmitted, NOT ACK 

receiVed. 
! ACTION: Enter not addressed SLY mode. 

!-------------------------------------------------
.sect stscO 
.base OxlcO 

mov SlCON,#ENSl NOTSTA NOTSTO NOTSI AA CRO 
- !clr SI, set AA - -

pop psw 
reti 

!-------------------------------------------------
! STATE : ca, Last DATA has been transmitted (AA=O), 

ACK received. 
! ACTION: Enter not addressed SLY mode. 

~------------------------------------------------
.sect stseS 
.base OxleS 

mov SICON,#ENSl NOTSTA NOTSTO NOTSI AA CRO 
- !clr SI, set AA - -

pop psw 
reti 

! ....................................................................................................... . 

! END OF SIOl INTERRUPT ROUTINE 

connection, whether the output RTS is tied 
LOW or not. 

The internal reset is executed during the 
second cycle in which RST is HIGH and is 
repeated every cycle until RST goes low. It 
leaves the internal registers as follows: 

759 
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REGISTER CONTENT 
The internal RAM is not affected by reset. At 
power-on, the RAM content is indeterminate. 

ACC 0000 0000 
ADCON xxOO 0000 Interrupts 
ADCH xxxx xxxx The 8XC552 has fifteen interrupt sources, 
B 0000 0000 each of which can be assigned one of two 
CMlO-CMl2 0000 0000 
CMHO-CMH2 0000 0000 priority levels, as shown in Figure 27. The 

CTCON 0000 0000 five interrupt sources common to the SOC51 

CTlO-CTl3 xxxx xxxx are the external interrupts (1fITO" and IfITl), 
CTHO-CTH3 xxxx xxxx the timer 0 and timer 1 interrupts (ITO and 
DPl 0000 0000 IT1), and the serial 110 interrupt (RI orTI). In 
DPH 0000 0000 the 8XC552, the standard serial interrupt is 
lEND 0000 0000 called SIOO. Since the subsystems which 
IENI 0000 0000 

create these interrupts are identical on both 
IPO xOOO 0000 
IPI 0000 0000 parts, their functionality is likewise identical. 

PCH 0000 0000 The only differences are the locations of the 
PCl 0000 0000 enable and priority register configurations and 
PCON OxxO 0000 the priority structure. This is detailed below 
PSW 0000 0000 along with the specifics of the interrupts 
PWMO 0000 0000 unique to the 8XC552. 
PWMl 0000 0000 
PWMP 0000 0000 The eight Timer T2 interrupts are generated 
PO-P4 1111 1111 
P5 xxxx xxxx by flags CTI0-CT13, CMI0-CMI2, and by the 

RTE 0000 0000 logical OR of flags T20V and T2BO. Flags 

SOBUF xxxx xxxx CTIO to CT13 are set by input signals CTOI to 
SOCON 0000 0000 CT3i. Flags CMIO to CMI2 are set when a 
SlADR 0000 0000 match occurs between Timer T2 and the 
SICON 0000 0000 compare registers CMO, CM1, and CM2. 
StOAT 0000 0000 When an 8-bit or 16-bit overflow occurs, flags 
SISTA 1111 1000 T2BO and T20V are set, respectively. These SP 0000 0111 
STE 1100 0000 nine flags are not cleared by hardware and 

TCON 0000 0000 must be reset by software to avoid recurring 
THO, THI 0000 0000 interrupts. 
TMH2 0000 0000 
TlO, Tll 0000 0000 The ADC interrupt is generated by the ADCI 
TMl2 0000 0000 flag in the ADC control register (AD CON). 
TMOD 0000 0000 This flag is set when an ADC conversion 
TM2CON 0000 0000 result is ready to be read. ADCI is not cleared 
TM21R 0000 0000 by hardware and must be reset by software 
T3 0000 0000 

to avoid recurring interrupts. 

voo 

II LJ 
Overflow 

Voo 

voo~ 
timerT3 + 

2.21J.F =;: 8XC552 

Schmitt 
Trigger 

~ RST 

RST JJ Reset 
Circuitry 

r--
On-chip I RRST 
reaistor 

I RRST 

-= 
Figure 25, On-Chip Reset Configuration Figure 26. Power-On Reset 
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The SIOI (12C) interrupt is generated by the 
SI flag in the SIOI control register (SICON). 
This flag is set when SI STA is loaded with a 
valid status code. 

The ADCI flag may be reset by software. It 
cannot be set bY software. All other flags that 
generate interrupts may be set or deared by 
software, and the effect is the same as 
selling or reselling the flags by hardware. 
Thus, interrupts may be generated by 
software and pending interrupts can be 
canceled by software. 

Interrupt Enable Registers: Each interrupt 
source can be individually enabled or 
disabled by selling or clearing a bit in the 
interrupt enable special function registers 
IENO and IENI. All interrupt sources can also 
be globally enabled or disabled by setting or 
dearing bit EA in IENO. The interrupt enable 
registers are described in Figures 28 and 29. 

Interrupt Priority Structure: Each interrupt 
source can be assigned one of two priority 
levels. Interrupt priority levels are defined bY 
the interrupt priority special function registers 
IPO and IPI. IPO and IPI are described in 
Rgures 30 and 31. 

Interrupt priority levels are as follows: 
-a"-Iow priority 
"1 "-high priority 

A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 

6 

level request is serviced. If requests of the 
sarne priority are received simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus, within each priority 
level, there is a second priority structure 
determined by the polling sequence. This 
second priority structure is shown in Table 8. 

The above Priority Within Level structure is 
only used when there are simultaneous 
requests of the same priority level. 

Interrupt Handling: The interrupt sources 
are sampled at S5P2 of every machine cycle. 
The samples are polled during the following 
machine cycle. If one of the flags was in a set 
condition at S5P2 of the previous machine 
cyde, the polling cyde will find it and the 
interrupt system will generate an LCALL to 
the appropriate service routine, provided this 
hardware-generated LCALL is not blocked by 
any of the following conditions: 
1. An interrupt of higher or equal priority 

level is already in progress. 

2. The current machine cyde is not the final 
cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the instruction in progress is 
completed.) 

3. The instruction in progress is RETI or any 
access to the interrupt priority or interrupt 
enable registers. (No interrupt will be 
serviced after RETI or after a read or write 
to IPO, IP1, lEO, or lEI until at least one 
other instruction has been subsequently 
executed.) 

o 
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The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Nola that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and if the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
flag was once active but not serviced is not 
remembered. Every polling cyde is new. 

The processor acknowlediges an interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It dears the Timer 0, Timer I, and 
external interrupt flags. An external interrupt 
flag (lEO or IE1) is deared only if it was 
transition-activated. All other interrupt flags 
are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the contents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 

Execution proceeds from the vector address 
until the RETI instruction is encountered. The 
RET! instruction clears the "priority level 
active" flip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bYtes from the stack and reloads the 
program counter. Execution of the interrupted 
program continues from where it was 
interrupted. 

a 

lEN. 1 ET2 1 ECM21 ECII'I ECIIOI ECT31 ECT21 ECTII ECToI (EaH) 

(IISB) 

Bit Symbol 

IEND.7 EA 

IEND.6 EAD 

IEND.S ES. 
IEND.4 ESO 

IEND.3 ETI 
IEND.2 EX. 
IENO.' ETo 

IEND.O EXO 

Function 

Global enable/dlaable control 
o = No interrupt is enabled 

(LSD) 

1 = Any individually enabled interrupt will 
be sccepted 

Enable AOC intenupt 

Enable SlO' (12C) interrupt 
Enable Sloo (UART) intemJpt 

Enable Timer 1 interrupt 
Enable External interrupt 1 
Enable Timer 0 interrupt 
Enable ExtemaIlnterrupt 0 

Figure 28. Interrupt Enable Register (IENO) 
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(IISB) (LSB) 

Bi. Symbol Function 

IEN'.7 ET2 Enable T2 aVtllftow Interrupl(_) 

IEN'.6 ECM2 Enable T2 ._ ..... 2 1..-..pI 

IEN'.S ECII. EnobIe T2 _rator.1..-upt 
IENU ECIIO Enable T2 compor ..... a I..-upt 

IEN'.3 ECT3 Enable T2 .. pture "'11_ 3 Intetrup' 

IEN'.2 ECT2 Enable T2 cap,," regis ... 2 interr~t 

lEN ••• ECTt Enable T2 .. p ..... "'ll1e"" inIanupt 

IEN • .D ECTa Enable T2 cap ... regisler 0 Interrupt 

In 011 ....... If the onoble bit Ie 0, ........ .........,. .. disabled, one! 
H the enable billa 1. then the i~ ia enabled. 

Figure 29. Interrupt Enable Register (IEN1) 
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7 4 0 

11'0 -
I 

PAD I PSI I PSO I pn I PXl I PTO I PXO I (88H) 
IPI I PT2 IpCM2lpcu.lpcMOI PCT31 PCT21 pcnl PCTOI 

(FBH) 

(MSB) (LSB) (USB) (LS8) 

Bit Symbol Function Bit Symbol Function 

IP.7 Unused IPt.7 PT2 T2 overflow interrup1(a) priority level 

IP.6 PAD ADC in1elTUpt priority level IP1.6 PCM2 T2 (:omparator 2 interrupt priority level 

IP.5 PSI SlOl (12c) interrupt priority level IP1.5 PCUI 12 comparator 1 interrupt priority level 

1P.4 PSO SlOO (UART) interrupt priority level IP1.4 PCMO T2 comparator 0 interrupt priority level 

1P.3 pn limer 1 interrupt priority level IP1.3 PCT3 T2 captwe register 3 interTupt priorfty level 

IP.2 PXI External interrupt 1 priority level IP1.2 PCT2 T2 capture register 2 in1enupt priority level 

IP.1 PTO Timer 0 interrupt priority level IPt.t pcn T2 captlWe register 1 interrupl priority level 

IRD PXO External intelTupt 0 priority level IP1.D PCTO T2 capu-e register 0 interrupt priority level 

Figure 30. Interrupt Priority Register (IPO) Figure 31. Interrupt Priority Register (IP1) 

TableS. Interrupt Priority Structure 
SOURCE NAME 

External interrupt 0 XO 
SIOl (I2C) Sl 
ADC com pie bon ADC 
Timer 0 ovelilow TO 
T2 capture 0 CTO 
T2 compare 0 CMO 
External interrupt 1 Xl 
T2 capture 1 CTl 
T2 compare 1 CMl 
Timer 1 ovelilow n 
T2 capture 2 CT2 
T2 compare 2 CM2 
Sloo(UART) SO 
T2 capture 3 CT3 
Timer T2 ovelilow T2 

Table 9. Interrupt Vector Addresses 

SOURCE 

External interrupt 0 
Timer 0 ovelilow 
External interrupt 1 
limer 1 ovelilow 
Sioo (UART) 
SIOl (l2C) 
T2 capture 0 
T2 capture 1 
T2 capture 2 
T2 capture 3 
ADC completion 
T2compare 0 
T2 compare 1 
T2 compare 2 
T20velilow 

1i0 Port Structure 
The 8XC552 has six 8-bit ports. Each port 
consists of a latch (special function registers 
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NAME 

XO 
TO 
Xl 
Tl 
SO 
Sl 

CTO 
cn 
CT2 
CT3 
ADC 
CMO 
CMl 
CM2 
T2 

PO to P5), an input buffer, and an output 
driver (port 0 to 4 only). Ports 0-3 are the 
same as in the 80C51, with the exception of 

763 

PRIORITY WITHIN LEVEL 

(highest) 
i 

J. 
(lowest) 

VECTOR ADDRESS 

0003H 
OOOBH 
0013H 
00lBH 
0023H 
002BH 
0033H 
003BH 
0043H 
004BH 
0053H 
005BH 
0063H 
OOSBH 
0073H 

the additional functions of port 1. The parallel 
1/0 function of port 4 is equal to that of ports 
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1,2, and 3. Port 5 may be used as an input 
port only. 

Figure 32 shows the bit latch and 110 buffer 
functional diagrams of the unique 8XC552 
ports. A bit latch corresponds to one bit in a 
port's SFR and is represented as a D type 
flip-flop. A "write to latch" signal from the CPU 
latches a bit from the internal bus and a "read 
latch" signal from the CPU places the a 
output of the flip-flop on the internal bus. A 
"read pin" signal from the CPU places the 
actual port pin level on the internal bus. 
Some instructions that read a port read the 
actual port pin levels, and other instructions 
read the latch (SFR) contents. 

Port 1 Operation 
Port 1 operates the same as it does in the 
8051 with the exception of port lines Pl.6 and 
Pl.7, which may be selected as the SCL and 
SDA lines of serial port SIOl (12C). Because 
the 12C bus may be active while the device is 
disconnected from V DO, these pins are 
provided with open drain drivers. Therefore 
pins Pl.6 and Pl.7 do not have internal 
pull-ups. 

Port 5 Operation 
Port 5 may be used to input up to 8 analog 
signals to the ADC. Unused ADC inputs may 
be used to input digital inputs. These inputs 
have an inherent hysteresis to prevent the 
input logic from drawing excessive current 
from the power lines when driven by analog 
signals. Channel to channel crosstalk (Ct) 
should be taken into consideration when both 
analog and digital signals are simultaneously 
input to Port 5 (see, D.C. characteristics in 
data sheet). 

Port 5 is not bidirectional and may not be 
configured as an output port. All six ports are 
multifunctional, and their alternate functions 
are listed in Table 10. A more detailed 
description of these features can be found in 
the relevant parts of this section. 
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Pulse Width ModUlated Outputs 
The 8XC552 contains two pulse width 
modulated output channels (see Figure 33). 
These channels generate pulses of 
programmable length and interval. The 
repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies the clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The 8-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the 8-bit counter 
is compared to the contents of two registers: 
PWMO and PWM1. Provided the contents of 
either of these registers is greater than the 
counter value, the corresponding PWfiiIO or 
PWIVlT output is set LOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWM1. 
The pulse-width-ratio is in the range of 0 to 1 
and may be programmed in increments of 
11255. 

Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpwm, at the PWMn 
outputs is give by: 

fosc 
fpwm = 

2x(1 + PWMP) x 255 

This gives a repetition frequency range of 
123Hz to 31.4kHz (fosc = 16MHz). At 
fosc = 24MHz, the frequency range is 184Hz 
to 47.1 Hz. By loading the PWM registers with 
either OOH or FFH, the PWM channels will 
output a constant HIGH or LOW level, 
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respectively. Since the 8-bit counter counts 
modulo 255, it can never actually reach the 
value of the PWM registers when they are 
loaded with FFH. 

When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both J'Wf;ifrl output pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 

Prescaler frequency control register PWMP 

PWIIP(FEH) 1 71 6 1 5 1 • I 3 1 2 I, 1 0 I 
MSB 

PWMP.0-7 Prescaler division factor = 
PWMP+ 1. 

Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 

LSB 

~=l=~::: 1 71 6 I 5 I • I 3 I 2 I, 1 0 I 
MSB 

PWMO/l .0-7} Low/high ratio of J'Wf;ifrl = 

!pWMnl 
255-(PWMn) 

Anafog-to-Digltal Converter 

LSB 

The analog input circuitry consists of an 
8-input analog multiplexer and a 10-bit, 
straight binary, successive approximation 
ADC. The analog reference voltage and 
analog power supplies are connected via 
separate input pins. The conversion takes 50 
machine cycles. i.e., 37.5).15 at an oscillator 
frequency of 16MHz, 25J.ls at an oscillator 
frequency of 24M Hz. Input voltage swing is 
from OV to +5V. Because the internal DAC 
employs a ratiometric potentiometer, there 
are no discontinuities in the converter 
characteristic. Figure 34 shows a functional 
diagram of the analog input circuitry. 
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Rep';~ ___ -...J 

NOTE, 

Alternate Input 
function 

A. 

PuB-up not present on Pl.6 and Pl.7. 
·Two period active pull-up as in the aOCS1. 

P4.X 
Latch 

Write 
to 

Latch 
CL 1l 

Re~ ___ ---' 

c. 

Set from 
Alternate Function 

Voo 

• l 
Internal 
Pull-Up 

Clear from 
Alternate FUnc1ion 

Int. Bus -

Write 
10 

lJItch 

Read 
Pin 

D 

CL 

8XC552/562 overview 

P •• X 
lJItch 

Q 

1l 

Al1erna1e 
OUtput 

FUlCIion 

Alternate Input 
Function 

B. 

Voo 

Int. Bus ~P~~X 
Read Pin 

ToAOC 

D. 

Figure 32. Port Bit latches and 110 Buffers 
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Table 10. Input/Output Ports 

PORT PIN ALTERNATE FUNCTION 

PO.O ADO 

} PO.l ADl 
PO.2 AD2 
PO.3 AD3 Multiplexed lower order address/data bus used 
PO.4 AD4 during external memory accesses 
PO.S ADS 
PO.6 AD6 
PO.7 AD7 

P1.0 CTOI } Pl.l CT11 Capture timiner input signals for timer T2 
Pl.2 CT21 
P1.3 CT31 
P1.4 T2 T2 event input 
P1.S RT2 T2 timer reset signal. Rising edge triggered 
Pl.6 SCL Serial port clock line 12C bus 
Pl.7 SDA Serial port data line 12C bus 

P2.0 A8 

} P2.1 A9 
P2.2 Al0 
P2.3 All High order address byte used during 
P2.4 A12 external memory accesses 
P2.S A13 
P2.6 A14 
P2.7 A1S 

P3.0 RxD Serial input port (UART) 
P3.1 TxD Serial output port (UART) 
P3.2 Tl'm)" External interrupt 0 
P3.3 lfITT External interrupt 1 
P3.4 TO Timer 0 external input 
P3.S TI Timer I external input 
P3.6 WR External data memory write strobe 
P3.7 RIT External data memory read strobe 

P4.0 cusn P4.1 CMSRl 
P4.2 CMSR2 Timer T2: compare and seVreset outputs on a 
P4.3 CMSR3 match with timer T2 
P4.4 CMSR 
P4.S CMSRS} 
P4.6 CMTO Timer T2: compare and toggle outputs on a match 
P4.7 CMTI with timer T2 

PS.O 

AOCO} PS.I ADCl 
PS.2 ADC2 
PS.3 ADC3 Eight analogue ADC inputs PS.4 ADC4 
PS.S ADCS 
PS.6 ADC6 
PS.7 ADC7 
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Figure 33. Functional Diagram of Pulse Width Modulated Outputs 

ADCO ------1;--------, 
ADCl 

ADC2 

ADC3 

ADC4 

ADC5 

ADC6 

ADC7 

ADCON 
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Analog lnput 
Multiplexer 

STADC 

Analog ref. 

10-Bit AID Converter 

Analog supply 

Analog ground 

ADCH 

Figure 34. Functional Diagram of Analog Input Circuitry 
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Analog-to-Digital Conversion: Figure 35 
shows the elements of a successive 
approximation (SA) ADC. The ADC contains 
a DAC which converts the contents of a 
successive approximation register to a 
voltage (VDAC) which is compared to the 
analog input voltage (Vin). The output of the 
comparator is fed to the successive 
approximation control logic which controls the 
successive approximation register. A 
conversion is initiated by setting ADCS in the 
ADCON register. ADCS can be set by 
software only or by either hardware or 
software. 

The software only start mode is selected 
when control bit ADCON.5 (AD EX) = o. A 
conversion is then started by setting control 
bit ADCON.3 (ADCS). The hardware or 
software start mode is selected when 
ADCON.5 = I, and a conversion may be 
started by setting ADCON.3 as above or by 
applying a rising edge to external pin STADC. 
When a conversion is started by applying a 
rising edge, a low level must be applied to 
STADC for at least one machine cycle 
followed by a high level for at least one 
machine cycle. 

The low-to-high transition of STADC is 
recognized at the end of a machine cycle, 
and the conversion commences at the 
beginning of the next cycle. When a 
conversion is initiated by software, the 
conversion starts at the beginning of the 
machine cycle which follows the instruction 
that sets ADCS. ADCS is actually 

Full Scale 

implemented with two flip-flops: a command 
flip-flop which is affected by set operations, 
and a status flag which is accessed during 
read operations. 

The next two machine cycles are used to 
initiate the converter. At the end of the first 
cycle, the ADCS status flag is set and a value 
of "1" will be returned if the ADCS flag is read 
while the conversion is in progress. Sampling 
of the analog input commences at the end of 
the second cycle. 

During the next eight machine cycles, the 
voltage at the previously selected pin of port 
5 is sampled, and this input voltage should be 
stable in order to obtain a useful sample. In 
any event, the input voltage slew rate must 
be less than 10V/ms in order to prevent an 
undefined result. 

The successive approximation control logic 
first sets the most significant bit and clears all 
other bits in the successive approximation 
register (10 0000 00008). The output of the 
DAC (50% full scale) is compared to the input 
voltage Vin. If the input voltage is greater 
than VDAC, then the bit remains set; 
otherwise it is cleared. 

The successive approximation control logic 
now sets the next most significant bit (11 
0000 00008 or 01 0000 00008, depending on 
the previous result), and VDAC is compared 
to Vin again. If the input voltage is greater 
than VDAC, then the bit being tested remains 
set; otherwise the bit being tested is cleared. 

8XC5521562 overview 

This process is repeated until all ten bits have 
been tested, at which stage the result of the 
conversion is held in the successive 
approximation register. Figure 36 shows a 
conversion flow chart. The bit pointer 
identifies the bit under test. The conversion 
takes four machine cycles per bit. 

The end of the la-bit conversion is flagged by 
control bit ADCON.4 (ADCI). The upper 8 bits 
of the result are held in special function 
register ADCH, and the two remaining bits 
are held in ADCON.7 (ADC.l) andADCON.6 
(ADC.O). The user may ignore the two least 
significant bits in ADCON and use the ADC 
as an a-bit converter (8 upper bits in ADCH). 
In any event, the total actual conversion time 
is 50 machine cycles for the 8XC552 or 24 
machine cycles for the 8XC562. ADCI will be 
set and the ADCS status flag will be reset 50 
(or 24) cycles after the command flip-flop 
(ADCS) is set. 

Control bits ADCON.O, ADCON.l, and 
ADCON.2 are used to control an analog 
multiplexer which selects one of eight analog 
channels (see Figure 37). An ADCajmp RET 
mr conversion in progress is unaffected by an 
external or software ADC start. The result of 
a completed conversion remains unaffected 
provided ADCI = logic 1 ; a new ADC 
conversion already in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. 

Successive 
Approximation 

Register 

Successive 
Approximation 
Controllogie 

Slart Stop 

15116 59/64-
Vin - - - - - - - - - -==F-:-:::::-::=]----:~=__=f"..,;~~=r- - - - - --

3/4 7/8 29132 

112 

'----_----'-__ -'-__ L-_--'-__ -'-__ '-_____ _ 

tltau_ 

Figure 35, Successive Approximation ADC 
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Bit 

ADOON.7 
ADCON.6 

ADCON.S 

ADCON.4 

ADOON.3 

ADCON.2 
ADCON.l 
ADCON.o 

Figure 36. AID Conversion Flowchart 

6 S 4 2 1 0 

ADCON (CSH) I ADC.l I ADO.o I ADEX 

(USB) 

ADCI ADCS I AADR21 AADRl I AADROI 

(LSB) 

Symbol 

ADC.l 

ADO.O 

ADEX 

ADCI 

ADOS 

AADR2 
AADRl 
AADRO 

BIt 1 of ADC result 

Bit ° 01 ADO '""" 

Function 

Enable external atart of convel'8ion by STADC 
o = Conversion can be started by software only (by tetting ADCS) 
, = Conversion can be started by software or eNrnall, (by. rieing edge on STADC) 

ADC interrupt flag: this flag '* eel when an AID conversion result i. reedy to be read. An interrupt Is 
invoked if it ill enabled. The flag may be cleared by the interrupt service routine. While this ftag ia eel,. 
the ADe cannot start. new conversion. ADCI cannot be set by software. 
ADC start and statua: setting this bit 8tarts an AID conversion. It may be let by software or by the 
external ,Ignal STADe. The ADC logic ensures that 1hia signal i. HIGH while 'the ADC is busy. On com
pletion of the conversion, AOCS i. met at the same time the intenupt flag is set. ADCS cannot be 
reset by software. A new corwersion may not be started while either ADCS or ADCI ia high. 

ADCI ADOS ADC_ 

° 0 ADC not busy; • conversion Clift be started 
0 1 ADC busy; start of • new conversion is blocked 
1 0 Conversion compIetedj start of a new convenion i. blocked 
1 1 Notposaible 

Analogue input select: this binary coded address selects one of 
the eight analogue port bits of PS to be Input to the converter. H 
can only be changed when ADCI mel ADOS ore both lOW. 

AADR2 AADRl AADRO Selected Analog Channel 

0 0 ° ADCO(P5.O) 
0 0 1 ADCl (PS.') 
0 1 0 AD02(P5.2) 

° 1 1 ADC3(PS.3) 
1 0 0 ADC4(P5.4) 
0 1 0 ADCS(P5.S) 
1 1 ° ADC6(PS.6) 
1 1 1 ADC7(P5.7) 

Figure 37. ADC Control Register (ADCON) 
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AOC Resolution and Analog Supply: 
Figure 38 shows how the ADC is realized. 
The AOC has its own supply pins (AVoo and 
AVss) and two pins (Vref+ and Vref-) 
connected to each end of the OAC's 
resistance-ladder. The ladder has 1023 
equally spaoed taps, separated by a 
resistance of "R". The first tap is located 0.5 x 
R above Vref-, and the last tap is located 1.5 
x R below Vref+. This gives a total ladder 
resistance of 1024 x R. This structure 
ensures that the OAC is monotonic and 
results in a symmetrical quantization error as 
shown in Figure 40. 

For input voltages between Vref- and (Vref-) 
+ 1/2 LSB, the lO-bit result of an AID 
conversion will be 00 0000 OooOB = ooOH. 
For input voltages between (Vref+) - 312 LSB 
and Vref+, the result of a conversion will be 
l111111111B=3FFH.AVref+andAVref-

RI2 

may be between AVoo + 0.2V and AVss -
o .2V. AVref + should be positive with respect 
to AVref-, and the input voftage (Vin) should 
be between AVref+ and AVref-. If the analog 
input voltage range is from 2V to 4V, then 
1 O-bit resolution can be obtained over this 
range if AVref+ = 4V and AVref- = 2V. 

The result can always be calculated from the 
following fonnula: 

Result = 1024 x VIN-AVrel
AVref+-AVreI-

Power Reduction Modes 
The 8XC552 has two reduced power modes 
of operation: the idle mode and the 
power-down mode. These modes are entered 
by setting bits in the PCON special function 

r------- 1023 MSB 
R 

R 

R 

Total resistance 
1023R + 2 x Rf2 

= 1024R 

R 

R 

RI2 
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AVrel-

1022 

1021 

o 

Succesoive 
Approximation 

Register 

LSB 

Vlllue 0000 0000 00 ie output for yoltages V18f- to (Vret- + 112 LSB) 
Value 1111 111111 i. output: for volta .. (Vref+ - 312 LSB) to Vref+ 

Figure 38. ADC Realization 

no 
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register. When the 8XC552 enters the idle 
mode, the following functions are disabled: 

CPU 
limerT2 
PWMO,PWMI 
ADC 

(halted) 
(halted and reset) 
(reset; outputs are high) 
(conversion aborted if in 
progress). 

In idle mode, the following functions remain 
active: 

limerO 
limer 1 
limerT3 
SlooSIOl 
External interrupts 

When the 8XC552 enters the power-down 
mode, the oscillator is stopped. The 
power-down mode is entered by setting the 
PO bit in the PCON register. The PO bit can 
only be set if the EW input is tied HIGH. 

Succ:eaive 
Approximation 
Control Logic 

Start 

Ready 
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r-------, 
• I • I 

I I 
I I 
I SmK+1 RmK+1 I 

IN+1 I ./' I 
I I I 

RmN I SmN I To Comparator IN --.llN_+--t--- - - - - - - - -
L _______ .J 

Multiplexer 

...L Cc 
V ANALOG INPUT I 

Cs 

I = 

Rm = 0.5 - 3 kohms 
CS + CC = 15pF maximum 
RS = Recommended < 9.6 kohms for 1 LSB @ 12MHz 

NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm closes for Btcy (BIlS @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 

Vin- Vdigital 

1 
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Code 
out 

1 

figure 39. AID Input: Equivalent Circuit 

q 

Quantization Error 

q=LSB=5mV 

+q/2 

vvvVV 
-q/2 

Symmetrical Quantization Error 

Figure 40. Effective Conversion Characteristic 
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Power-Down Mode: The instruction that sets 
PCON.l will be the last instruction executed 
in the normal operating mode before the 
power-down mode is entered. In the 
power-down mode, the on-chip oscillator is 
stopped. This freezes all functions; only the 
on~chip RAM and special function registers 
are held. The port pins output the contents of 
their respective special function registers. A 
hardware reset is the only way to terminate 
the power-down mode. Reset re~defines all 
the special function registers, but does not 
change the on-chip RAM. 

In the power-down mode, Voo and AVoo can 
be reduced to minimize power consumption. 
Voo and AVoo must not be reduced before 
the power-down mode is entered and must 
be restored to the normal operating voltage 
before the power-down mode is terminated. 
The reset that terminates the power-down 
mode also freezes the oscillator. The reset 
should not be activated before Voo and AVoo 
are restored to their normal operating level, 
and must be held active long enough to allow 
the oscillator to restart and stabilize (normally 
less than 10ms). 

The status of the external pins during 
power-down is shown in Table 11. If the 
power-down mode is entered while the 
8XC552 is executing out of external program 
memory, the port data that is held in the P2 
special function register is restored to port 2. 
If a port latch contains a "1", the port pin is 
held HIGH during the power-down mode by 
the strong pull-up transistor. 

Power Control Register peON: The idle 
and power-down modes are entered by 
writing to bits in PCON. PCON is not bit 
addressable. See Figure 41. 

Memory Organization 
The memory organization of the 8XC552 is 
the same as in the BOC51 , with the exception 
that the 8XC552 has 8k ROM, 256 bytes 
RAM, and additional SFRs. Addressing 
modes are the same in the 8XC552 and the 
BOC51. Details of the differences are given in 
the following paragraphs. 

In the BXC552, the lower Bk of the 64k 
program memory address space is filled by 
internal ROM. By tying the EA pin high, the 
processor fetches instructions from internal 
program ROM. Bus expansion for accessing 
program memory from 8k upwards is 
automatic since external instruction fetches 
occur automatically when the program 
counter exceeds 8191. If the EA pin is tied 
low, all program memory fetches are from 
external memory. The execution speed of the 
BXC552 is the same regardless of whether 
fetches are from external or internal program 
memory. If all storage is on~chip, then byte 
location 8191 should be left vacant to prevent 
an undesired pre-fetch from external program 
memory address 8192. 

Certain locations in program memory are 
reserved for specific programs. Locations 
OOOOH to 0002H are reserved for the 
initialization program. Following reset, the 

Table 11. External Pin Status During Idle and Power-Down Modes 
MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 

Idle (1) Internal 1 1 Port data Port data Port data 

Idle (1) External 1 1 Floating Port data Address 

Power-down Internal 0 0 Port data Port data Port data 

Power-down External 0 0 Floating Port data Port data 
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CPU always begins execution at locations 
OOOOH. Locations 0OO3H to 0075H are 
reserved for the fifteen interrupt request 
service routines_ 

Functionally, the internal data memory is the 
most flexible of the address spaces. The 
intemal data memory space is subdivided into 
a 256~byte internal data RAM address space 
and a 128-byte special function register 
(SFR) address space, as shown in Figure 42. 

The internal data RAM address space is 0 to 
255. Four B-bit register banks occupy 
locations 0 to 31. 128 bit locations of the 
internal data RAM are accessible through 
direct addressing. These bits reside in 16 
bytes of internal data RAM at locations 20H 
to 2FH. The stack can be located anywhere 
in the internal data RAM address space by 
loading the B-bit stack pointer. The stack 
depth may be 256 bytes maximum. 

The SFR address space is 12B to 255. All 
registers except the program counter and the 
four B-bit register banks reside in this address 
space. Memory mapping the SFRs allows 
them to be accessed as easily as internal 
RAM, and as such, they can be operated on 
by most instructions. The 56 SFRs are listed 
in Figure 43, and their mapping in the SFR 
address space is shown in Figures 44 and 
45. RAM bit addresses are the same as in 
the BOC51 and are summarized in Figure 46. 
The special function bit addresses are 
summarized in Figure 47. 

PORT 3 PORT 4 l'WM'IIfPWMl 

Port data Port data HIGH 

Port data Port data HIGH 

Port data Port data HIGH 

Port data Port data HIGH 



Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

80C51 Family Derivatives 

~;7~~ !SMODI - I - I WLEI GF1! GFO I PD IIDL 

Bit Symbol 

PCON.7 SMOD 

PCON.6 

PCON.5 

PCON.4 WLE 

PCON.3 GFl 

PCON.2 GFO 

PCON.1 PD 

PCON.O IDL 

Function 

Double Baud rate bit. When set to logic 1 
the baud rate i. doubled when the serial 
port 8100 i. being used in modes 1, 2. or 3. 

(Reserved) 
(Re.en.,<I) 

Watchdog load enable. This flag must be 
set by software prior to loading timer 13 
(watchdog timer). It is cleared when timer 
T3 is loaded. 
General..purpose flag bit 

General-purpose flag bit 

Power-down bit. Setting this bit activates 
the po\Ner-down mode. It can only be set 
if input EW i8 high. 

Idle mode bit. Setting this bit activates the 
idle mode. 

Iflogie 1 •• rewritten to PO and IDl at the 
same time, PO takes precedence. The re
set value of peON is (OXXOOOOO). 

Indirect 
Addressing 

Only 

Addressable 
Bits in RAM 
(128 Bits) 

Registers 
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Over1apped 

~ Space 

m 

Upper Special 
128 Bytes Function 
Internal 

RAM 

127 

~ 

{ 
~ 

~ 

:!§. 

II 

!! 

\. 

Registers 

12l! 

127 120 

7 

R7 

RO 
R7 

RO 
R7 

RO 
R7 

RO 

0 

Bank 3 

Bank 2 

Bank 1 

Bank 1 

Inlemal 
Data RAM 

.I 

Direct 
Addressing 

Only 

Direct or 
Indirect 

Addressing 

Figure 41. Power Control Register (PCON) Figure 42. Internal Data Memory Address Space 

ARITHMETIC REGISTERS: 
ACCumulator,· B register,· 
Program Status Word" 

POINTERS, 
Stack Pointer, 
Data Pointer (High and Low) 

PARALLEL VO PORTS, 
Port s." Port 4, ·Port 3,· 
Port 2/ Port 1,· PortO" 

INTERRUPT SYSTEM, 
Interrupt Priority 0," 
Interrupt Priority 1: 
Interrupt Enable 0," 
Interrupt Enable 1" 
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PULSE WIDTH MODULATED OlPs: 
Pulse Width Modulation Prescaler 
Pulse Width Modulation Register 0, 
Pulse Width Modulation Register 1 

SERIAL 1/0 PORTS, 
Serial 0 CONtrol," Serial 0 data BUFfer, 
Serial 1 CONtrol: Serial 1 DATa, 
Serial 1 STAtus, Serial 1 ADDress, PCON 

TIMERS, 
Timer MODe, Timer CONtrol, * 
Timer Low 0, Timer High 0, 
Timer Low 1, Timer High 1, 
TiMer T2 CONtrol, Ti~ Low 2, 
Timer High 2, limer T3 

Figure 43. Special Function Registers 
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CAPTURE AND COMPARE LOGIC, 
CIlPTure CONtrol, 
TIMer T2 Interrupt flag Register, 
CapTure Low O. CapTure High O. 
CapTure Low 1, CapTW'e High 1, 
CapTure Low 2, CapTure High 2, 
CapTure Low 3, CapTure High 3. 
CoMpare Low 0, Co~are High 0, 
CoMpare Low 1, CoMpare High 1, 
CoMpare Low 2, CoMpare High 2 
SeT Enable, ReseT Enable 

ADC 
ADC cONtrol, ADC High byte 

·NOTE: Bit and byte addressable 
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80C51 Family Derivatives 

Register Direct Byte 
Mlemonic Bit Address Addreae (Hex) 

~ r~------"'-----~, r--'-. 
T3 

PWMP 

PWMI 

PWMO 

IPI 

B 

RTE 

STE 

IITMH2 

MTML2 

creON 

TM2CON 

IENI 

ACC 

S1ADR 

SlOAT 

NS1STA 

SleON 

PSW 

IICTH3 

IICTH2 

IICTH1 

#leTHa 

CMH2 
CMHI 

CMHO 

TM21R 

.ADCH 

ADCON 

NPS 

P4 

FFH 

FEH 

FDH 

FCH 

FFIFEIFDI Fci FBI FAI F91F8 F8H 

F71 F61 Fsi F41 F31 F21 FllFO FOH 

EFH 

EEH 

EDH 

ECH 

EBH 

EAH 

EFI EEl EDI Eci EBI EAI E9 I E8 EBH 

E71 Esl Esl E41 Ell E21 EllEO EOH 

DBH 

DAH 

D9H 

DFI DEI Dol DCI OBI DAI 091 DB D8H 

D71 061 Dsl 041 031 021 01 I DO DOH 

CFH 

CEH 

CDH 

CCH 

CBH 
CAH 

C9H 

CF l CEi Col ccl CBl CAL c9l CB CBH 

C6H 

CSH 

C4H 

C7 lcsi cs L C4l c3l c21 cd co COH 

SFRa 
containing 
direcUy 
addressable 
bita 

8XC552!562 overview 

Register Direct Byte 
Mnemonic Bit Address Addre .. (Hex) 

~ r~----------------~,,-A-, . 
~1~1~1~1~1~1~1~I~r ~H 
P3 

NCT13 

NCTl2 

NCTLI 

#CTLO 

CMl2 

CMl1 

CMLD 

lEND 

P2 

SUBUF 

SUCON 

87 B6 as B4 sa B2 Bl BO 

AF IAE lAD I ACI AB I AAI A91AS 

A71 A61 AS I A41 A3 I A21 Al I AD 

9F 19E 19D I 9C I 9B I 9A I 99 I 98 

~I~loolool~I~I~I~I~I 
THI 

THO 

Tl1 

TLO 

TMOD 

TeON 

PeON 

SF IBE 180 I Bcl BB I BAI B9 I .. 

~L."I-I.'.".J 

BOH 

AFH 

AEH 

ADH 

ACH 

ABH 

AAH 

A9H 

ASH 

AOH 

99H 

98H 

~H 

BDH 

8CH 

8BH 

BAH 

89H 

88H 

87H 

83H 

82H 

81H 

BOH 

SFR. 
containing 
directly 
addreASable 
bi .. 

Figure 44. Mapping of Special Function Registers 
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80C51 Family Derivatives 

Special 
Function 
Regiatera 

~ 
l!5S 255 2A8 
2A8 
240 

232 

224 

216 

208 

2lJO 

192 

184 

176 

168 

160 

152 

144 

136 

12l! 135 128 

127 

~ 

Direct { Addressing 
(Bits) 

~ 

127 120 

7 D 

R7 
Bank 3 

~ no 
R7 

Bank 2 

Register 1J! no 
Addreasing R7 

Bank 1 
II no 

R7 
Bank 1 

!! no 

'-----v-----' 
Direct Addressing 

Stack~Pointer Register-lndirect and 
Regieter-lndireet Addreulng 

8XC5521562 overview 

FaH 

AlH 
EBH 
EOH 
DSH 
DOH 
caH 
COH Direct 
BBH --g 
BOH 

(1Iita) 

ASH 

ADH 
98H 
90H 

88H 

SOH 

Figure 45. Bil and Byle Addressing Overview of Internal Data Memory 
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80C51 Family Derivatives 

7FH 

2FH 

2EH 

20H 

2CH 

2BH 

2AH 

29H 

28H 

27H 

26H 

25H 

24H 

23H 

22H 

21H 

20H 

lFH 

.8H 

17H 

• OH 

OFH 

08H 

07H 

OOH 

l(MSB) 

7F 1E 

n 7. 

6F liE 
67 68 

5F 5E 

57 56 

4F 4E 

47 46 

3F 3E 

37 36 

2F 2E 

27 26 

.F lE 

.7 .6 
OF DE 

07 06 

70 

75 

60 

65 

50 

55 

40 

45 

30 

35 

20 

25 

.0 

'5 
00 

05 

7C 78 7A 79 

74 73 72 71 

6C 6B 6A 69 

64 63 62 61 

5C 5B SA 59 

54 53 52 51 

4C 4B 4A 49 

44 43 42 41 

3C 3B 3A 39 

34 33 32 31 

2C 2B 2A 29 

24 23 22 21 

lC 1B .A 19 

14 .3 12 11 

oc DB OA 09 

04 03 02 D. 

88nk3 

8ank 2 

Bank 1 

BankO 

(Lsst 127 

78 47 

70 46 

68 45 

60 44 

58 43 

50 42 

48 41 

40 40 

38 39 

30 38 

28 37 

20 3. 

18 35 

10 34 

08 33 

00 32 

31 

24 

23 

, . 
15 

8 

0 

Figure 46. RAM Bit Addresses 
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8XC5521562 overview 

IlimctByte 
Addreos (Hex) 

IleslIa1er 
_Ie 

~r~------ ------~,~ 
P12 PCM2 PCI" PCMO PCT3 PC12 pcn PCTO 

F8H FFI FEI FDI FCIFBI FAJF9iF9 1P1 

RlH F71 F61 FSI F41 F31 F21 F1JRI B 

E12 ECM2 EClll ECMO ECT3 EC12 ECn ECTO 

E8H EF I EE I ED I EC L EB 1 EAJ E91 E8 IENl 

EOH E7 I E6 I E5 I E4 I E3 I E2 I E. I EO Ace 
CR2 ENS. STA STO $I AA CR. CRO 

DBH DFI DEI DDJDCLDBJOAI D91Da SlCON 

CY AC RI RSl RSO OV PI P 

DOH D71 D61 051041031021 D'I DO PSW 

T20V CIII2 CIII. CIllO Cn3 Cn2 cm CTIO 

C8H CF I CE I CDlCC LCD 1 CAl C9 ~ C8 TM21R 

COH C7 I C6 I C5 I C4 I C3 I C2 I C'l CO P4 

- PAD PS' PSO PT. PXl PTO PlCIl 

B8H BFIBEI BDIBCIBBIBAI 891 B8 IPO 

BOH B7 I Do I B5 I B4 I B3 I B2 I Bl ~ BO P3 

EA EAD ES. ESO En EX. ETO EXO 

ASH AF I AE I AD I AC I AB I AA I A9J AS lEND 

ADH A7 I A& I AS I A4 I A3 I A2 I A. I AD P2 

SIlO SMl SM2 REN TB8 R89 n RI 

98H 9F I 9E I 9D I 9C I 9B I 9A I 99 I 98 SOCON 

90H 97 I 9& I 95 I 94 I 93 I 92 I 91 I 90 P. 

TF. TRl TRI TRO IEl IT1 IEIl ITO 

88H 8F I 8E I 80J 8C I 8B I aA I 8. -.l 88 reON 

80H 87 I 86 I 95 I 84 I 93 I 82 I 8. i 80 PO 

Figure 47. Special Function Register Bit Address 
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Single-chip 8-bit microcontroller 80C552183C552 

Single-chip 8-bit microcontrol/er with 10-bit AID, capture/compare timer, high-speed outputs, PWM 

DESCRIPTION PIN CONFIGURATIONS 

Ii 
The SOC5521S3C552 (hereafter generically 
referred to as 8XC552) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51 microcontroller family. The 
8XC552 has the same instruction set as the 
80C51. Three versions of the derivative exist: 

• 83C552 ~ Sk bytes mask programmable 
ROM 

• BOC552 ~ ROMless version of the 83C552 

• B7C552 ~ Sk bytes EPROM (described in 
a separate chapter) 

The 8XC552 contains a non-volatile 8k x 8 
read-only program memory (83C552), a 
volatile 256 X S readlwrite data memory, five 
S-bit I/O ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, nested interrupt structure, 
an S-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and 12C-bus), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC552 can be expanded using standard 
TIL compatible memories and logic. 

In addition, the 8XC552 has two software 
selectable modes of power reduction ~ idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16MHz (24M Hz) crystal, 
58% of the instructions are executed in 
O.75~s (0.5~) and 40% in 1.51-ls (1 ~s). 
Multiply and divide instructins require 3~s 
(2~s). 

November 25, 1992 

FEATURES 
• BOC51 central processing unit Pin 

1 
• Sk X 8 ROM expandable externally to 64k 

bytes 
• An additional 16-bittimer/counter coupled 4 

to four capture registers and three compare 5 
registers 

• Two standard 16-bit timer/counters 

• 256 X S RAM, expandable externally to 64k 
bytes 

• Capable of producing eight synchronized, 
10 
11 

timed outputs 12 
• A 1 O-bit ADC with eight multiplexed analog 13 

inputs 14 
• Two S-bit resolution, pulse width 15 

modulation outputs 16 

• Five B-bitl/O ports plus one B-bit input port 
17 
18 

shared with analog inputs 19 
• 12C-bus serial I/O port with byte oriented 20 

master and slave functions 21 
• Full-duplex UART compatible with the 22 

standard BOC5t 23 

• On-chip watchdog timer 
24 
25 

• Three speed ranges: 26 
- 1.2 to 16MHz 27 
- 1.2 to 24MHz (ROM, ROMless only) 28 
- 1.2 to 30MHz (ROM, ROMless only) 29 

• Three operating ambient temperature 
30 
31 

ranges: 32 
- PCB83C552-5: OOC to + 70°C 33 

- PCFB3C552-5: -4Q°C to +S5°C (XTAL 
34 

frequency max. 24 MHz) 

- PCAB3C552-5: -40oC to + 12SoC (XTAL 
frequency max. 16 MHz) 

777 

Function Pin Function 
PS.OIADCO 35 XTAL1 
VDD 36 vss 
STADC 37 VSS 
l'WMl! 38 NC 
I'Wl'lT 39 P2.OIA08 
rn 40 P2.1/AOO 

P4.OICMSRO 41 P2.21A10 
P4.1/CMSR1 42 P2.3/A11 
P4.21CMSR2 43 P2.4/A12 

P4.31CMSR3 44 P2.51A13 
P4.4ICMSR4 45 P2.61A14 
P4.5ICMSR5 46 P2.7/A15 
P4.61CMTO 47 PSER 
P4.7/CMTl 48 ALE 
RST 49 EJ( 

Pl.0feTOI so PO.7/AD7 

P1.1/CT11 51 PD.61AD6 
P1.21CT21 52 PO.51AD5 
P1.31CT31 53 PM/AD4 
P1.41T2 54 PO.31AD3 
Pl.51RT2 55 PO.21AD2 
Pl.Slsel 56 PO.1/AD1 
Pl.7/SDA 57 PO.O/ADO 
P3.0/RxO 56 AVref-
P3.1/TxD 59 AVref+ 

P3.2fIIiITII 60 AVSS 
P3.3IImT 61 AVDD 
P3.4/TO 62 P5.7/ADC7 
P3.5IT1 63 P5.61AOCG 
P3.&WR 64 P5.51ADC5 
P3.7/RU 65 P5.4/ADC4 
NC 66 P5.31ADC3 
NC 67 P5.21ADC2 
XTAL2 68 P5.1/ADC1 

S53-1467 08657 
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Single-chip 8-bit microcontroller 80C552183C552 

ORDERING INFORMATION 

PHI UPS NORTH AMERICA PHIUPS 
PART ORDER NUMBER PART ORDER NUMBER PART MARKING DRAWING TEMPERATUREoC FREO 

ROMless ROM ROMless ROM NUMBER AND PACKAGE MHz 

PCBBOC552-5-16WP PCBB3C552-5WP/xxx S80C552-1 A68 S83C552-1 A68 SOTl88 
o to + 70, Plastic Leaded Chip 

16 Carrier 

PCB80C552-5-16H PCB83C552-5H/xxx S80C552-1B S83C552-1B SOT318 o to +70, Plastic Quad Flat Pack 16 

PCF80C552-5-16WP PCF83C552-5WP/xxx S80C552-2A68 S83C552-2A68 SOTl88 
-40 to +85, Plastic Leaded Chip 

16 
Carrier 

PCF80C552-5-16H PCF83C552-5H/xxx S80C552-2B S83C552-2B SOT318 
-40 to +85, Plastic Quad Flat 

16 Pack 

PCASOC552-5-1SWP PCA83C552-5WP/xxx SBOC552-SA6B S83C552-SA68 SOTl88 
-40 to +125, Plastic Leaded Chip 

16 Carrier 

PCA80C552-5-1SH PCA83C552-5H/xxx S80C552-6B S83C552-SB SOT318 
-40 to + 125, Plastic Quad Flat 

lS Pack 

PCB80C552-5-24WP PCB83C552-5WP/xxx S80C552-AA68 S83C552-AA68 SOTl88 
o to + 70, Plastic Leaded Chip 

24 Carrier 

PCBBOC552-5-24H PCBS3C552-5H/xxx S80C552-AB S83C552-AB SOT318 o to +70, Plastic Quad Flat Pack 24 

PCF80C552-5-24WP PCFB3C552-5WP/xxx S80C552-BA68 S83C552-BA68 SOT188 
-40 to +85, Plastic Leaded Chip 

24 Carrier 

PCF80C552-5-24H PCF83C552-5H/xxx S80C552-BB S83C552-BB SOT318 
-40 to +85, Plastic Quad Flat 

24 Pack 

PCBBOC552-5-30WP PCB83C552-5WP/xxx S80C552-CA68 S83C552-CA68 SOT188 
a to +70, Plastic Leaded Chip 

30 Carrier 

PC880C552-5-30H PCB83C552-5H/xxx S80C552-CB S83C552-CB SOT318 o to +70, Plastic Quad Flat Pack 30 

NOTE: 
1.xxx denotes the ROM code number. 
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DRAWING TEMPERATUREoC FREQ 

EPROM NUMBER AND PACKAGE MHz 

S87C552~4A68 0398E 
o to +70, Plastic Leaded Chip 

16 Carrier 

S87C552~4K68 1473A 
o to +70, Ceramic Leaded Chip 

16 Carrier wfWindow 

S87C552-4B SOT318 o to +70, Plastic Quad Flat Pack 16 

S87C552~5A68 0398E 
--40 to +85, Plastic Leaded Chip 

16 Carrier 

S87C552~5K68 1473A 
--40 to +85, Ceramic Leaded 

16 Chip Carrier wfWindow 

S87C552~5B SOT318 
--40 to +85, Plastic Quad Flat 

16 Pack 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS LOGIC SYMBOL 

Iool I6sl 
/ 0 

l2: ~ 
PQFP 

§ ~ 
~ ~ 

Pin Function Pin Function 
P4.1/CMSRl 41 P2.31Al1 

P4.2fCMSR2 42 P2.4/A12 

NC 43 NC 

P4.31CMSR3 44 NC 

P4.4/CMSR4 45 P2.51A13 
P4.5ICMSR5 46 P2.61A14 

P4.61CMTO 47 P2.7/A15 

P4.7ICMT1 48 PSrn 
RST 49 ALE 

10 p1.D/eTat 50 Ell 
11 P1.1/CT11 51 PO.7/AD7 
12 Pl.21CT21 52 PO.6!AD6 
13 P1.3/CT31 53 PO.51AD5 

14 Pl.41T2 54 PD.4/AD4 

15 Pl.5JRT2 55 PO.31AD3 
16 Pl.6/SCL 56 PO.2fAD2 
17 Pl.7/SDA 57 PO.t/AD1 
18 P3.0/AxD 58 PO.OIADO 
19 P3. tITxD 59 AVref-

20 P3.2fJJ<ITIl 60 AVref+ 

21 NC 61 AVSS 

22 NC 62 NC 

23 P3.3ITNTf 63 AVDD 
24 P3.4iTO 54 P5.7/ADC7 

25 P3.5iTl 65 PS.61ADC6 
26 P3.6IWR 66 P5.51ADC5 

27 P3.7/RlJ 67 P5.41ADC4 

28 NC 68 P5.31ADC3 
29 NC 69 PS.21ADC2 
30 NC 70 P5.lIADC1 

31 XTAL2 71 P5.OIADCO 

32 XTAll 72 VDD 
33 IC 73 IC 

34 VSS 74 STADC 

35 VSS 75 PIWll 

36 VSS 76 PWMT 
37 NC 77 EW 
38 P2.O/A08 78 NC 

39 P2.1IA09 79 NC 
40 P2.21Al0 80 P4.0/CMSRO 

NC = not connected 
Ie = intemally connected (do not use) 
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Yss 
YDD -

XTAL1 -------)0. XTAL2 _ 

A~ .;::: 
I'SEII .
AVSS -+ 
AVDD -+ 

AVref+ -+ 
AVref- -+ 

STADe __ 

PWIII .
PWUi .-

Product specification 

80C552183C552 

LOW ORDER 
ADDRESS AND 

DATA BUS 
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BLOCK DIAGRAM 

TO T1 PWIII PWIH 

XTAl,. 
, 

~ 
PSER 

<t----'--

12J~ -----0~ 
~ 

TO,T1 
TWO 16-B1T 

TIMERIEVENT 
COUNTERS 

I2J I2J VDD Vss 

_______ J ________ -' _________ _ 

CPU 

PROGRAM 
MEMORY 

8kx8ROM 

DATA 
MEMORY 

256x8 RAM 

T2 
16-OIT '6 
TIMER! 
EVENT 

COUNTERS 

PO p, P2 P3 TxD RxD PS P4 CTOI-CTaI T2 RT2 

@] ALTERNATE FUNCTION OF PORTO 

[i] ALTERNATE FUNCTION OF PORT 1 

m ALTERNATE FUNCTION OF PORT 2 
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I2J ALTERNATE FUNCTION OF PORT 3 

o ALTERNATE FUNCTION OF PORT 4 

[!] ALTERNATE FUNCTION OF PORT 5 
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DUAL 
PWM 

12 
,6-8IT 

COMPARA
TORS 
wtTH 

REGlSYERS 

Product specification 

80C552183C552 

AVss AVREF ADCO-7 SDA SCL 

ADC 

COMPARA
TOR 

OUTPUT 
SELECTION 

l~-~- -~: 
SERIAL 

12CPORT 

T3 
ATCHDOG 
TIMER 

CMSRO-CMSR5 RST EW 
CMTO,CMT1 
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Single-chip 8-bit microcontroller 80C552!83C552 

PIN DESCRIPTION 

PIN NO. 

MNEMONIC PLCC QFP TYPE NAME AND FUNCTION 

VDD 2 72 I Digital Power Supply: +5V power supply pin during normal operation. idle and 
power-down mode. 

STADC 3 74 I Start ADC Operation: Input starting analog to digital conversion (ADC operation can also 
be started by software). This pin must not float. 

1'WMO 4 75 a Pulse Width Modulation: Output o. 

PWMT 5 76 a Pulse Width Modulation: Output 1. 

EW 6 77 I Enable Watchdog Timer: Enable for T3 watchdog timer and disable power· down mode. 
This pin must not float. 

PO.0-PO.7 57-50 58-51 1/0 Port 0: Port 0 is an 8-bit open-drain bidirectional 1/0 port. Port 0 pins that have 1 s written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting 1 s. 

Pl.O-Pt.7 16-23 10-17 1/0 Port I: 8-bit 1/0 port. Alternate functions include: 
16-21 10-15 1/0 (PI.D-PI.5): Quasi-bidirectional port pins. 
22-23 16-17 1/0 (PI.6, PI.7): Open drain port pins. 
16-19 10-13 I CTOI-CT31 (PI.O-PI.3): Capture timer input signals for timer T2. 

20 14 I T2 (PI.4): T2 event input. 
21 15 I RT2 (PI.S): T2 timer reset signal. Rising edge triggered. 
22 16 1/0 SCL (PI.6): Serial port clock line 12C-bus. 
23 17 1/0 SDA (PI.7): Serial port data line 12C-bus. 

Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on Pl.0. etc. 

P2.0-P2.7 39-46 38-42. 1/0 Port 2: 8-bit quasi-bidirectional 1/0 port. 
45-47 Alternate function: High-order address byte for external memory (AOS-AI5). 

P3.O-P3.7 24-31 18-20. 
23-27 

1/0 Port 3: 8-bit quasi-bidirectional 110 port. Alternate functions include: 

24 18 RxD(P3.0): Serial input port. 
25 19 TxD (P3.1): Serial output port. 
26 20 lR'ro (P3.2): External interrupt. 
27 23 INTi' (P3.3): External interrupt. 
28 24 TO (P3_4): Timer 0 external input. 
29 25 T1 (P3.5): Timer 1 external input. 
30 26 WR (P3.6): External data memory write strobe. 
31 27 RD (P3.7): External data memory read strobe. 

P4.0-P4.7 7-14 80,1-2 1/0 Port 4: 8-bit quasi-bidirectional 1/0 port. Alternate functions include: 
4-8 

7-12 80,1-2 a CMSRO-CMSR5 (P4.0-P4.5): Timer T2 compare and sel/reset outputs on a match with 
4-6 timerT2. 

13,14 7,8 0 CMTO, CMTI (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P5.0-P5.7 68-62, 71-64, I Port 5: 8-bit input port. 
1 ADCO-ADC7 (P5.0-PS.7): Alternate function: Eight input channels to ADC. 

RST 15 9 1/0 Reset: Input to reset the 8XC552. It also provides a reset pulse as output when timer T3 
overflows. 

XTAl1 35 32 I Crystal Input I: Input to the inverting amplifier that forms the osciltator, and input to the 
internal clock generator. Receives the external clock signal when an external oscillator is 
used. 

XTAL2 34 31 0 Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock is used. 
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PIN DESCRIPTION (Continued) 

PIN NO. 

MNEMONIC PLCC QFP TYPE NAME AND FUNCTION 

Vss 36,37 34-36 I Two Digital ground pins. 

l'SEN 47 48 0 Program Store Enable: Active-low read strobe to external program memory. 

ALE 48 49 0 Address Latch Enable: Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods. Durin\! an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TTL inputs and handles 
CMOS inputs without an external pull-up. 

U; 49 50 I External Access: When U; is held at TTL level high, the CPU executes out of the internal 
program ROM provided the program counter is less than 8192. When EA is held at TTL low 
level, the CPU executes out of external program memory. EA is not allowed to float. 

AVREF_ 58 59 I Analog to Digital Conversion Reference Resistor: Low-end. 

AVREF+ 59 60 I Analog to Digital Conversion Reference Resistor: High·end. 

AVss 60 61 I Analog Ground 

AVoo 61 63 I Analog Power Supply 

NOTE: 
l.To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD + 0.5V or Vss - 0.5V, 

respectively. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 780. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Voo and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 

remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 

Table 1. External Pin Status During Idle and Power-Down Modes 
PROGRAM PWMOI 

MODE MEMORY ALE PSrn PORTO PORT 1 PORT 2 PORT 3 PORT 4 PWMl 

Idle Internal 1 1 Data Data Data Data Data 1 

Idle External 1 1 Float Data Address Data Data 1 

Power·down Internal 0 0 Data Data Data Data Data 1 

Power-down External 0 0 Float Data Data Data Data 1 
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Serial Control Register (51 CON) - See Table 2 

S.CON (D8H) , CR2' ENS.' STA , STO' Sf , AA , CR. , COO , 

Product specification 

80C552/83C552 

Bits CRO, CR1 and CR2 determine the serial ~Iock frequency that is generated in the master mode of operation. 

Table 2. Serial Clock Rates 

BIT FREQUENCY (kHz) AT fose 

CR2 CR1 CRO 6MHz 12MHz 16MHz 24MHz2 30MHz2 fose DIVIDED BY 

a a a 23 47 62.5 94 117 1 256 

a 0 1 27 54 71 107 • 134 1 224 
0 1 0 31 63 83.3 125 1 156 1 192 

0 1 1 37 75 100 150 1 188 1 160 

1 a 0 6.25 12.5 17 25 31 960 
1 a 1 50 100 133 1 200 1 250 1 120 
1 1 0 100 200 267 1 400 1 500 1 60 
1 1 1 0.24 < 62.5 0.49 < 62.5 0.65 < 55.6 0.98 < 50.0 1.22 < 52.1 96 X (256 - (reload value 

Timer 1» 

0<255 0<254 0< 253 0<251 0<250 reload value Timer 1 
in Mode 2. 

NOTE: 
I.These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C·bus application. 
2.At fose = 24MHzl30MHz the maximum 12C bus rate of 100kHz cannot be realized due to the fixed divider rates. 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range --65 to + 150 °c 
Voltage on any other pin to Vss --<l.5 to +6.5 V 

Input, output DC current on any single 110 pin 5.0 mA 

Power dissipation (based on package heat transfer limitations, not device power 1.0 W 
consumption) 

NOTES: 
I.Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specilication is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3.Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE (V) FREQUENCY (MHz) 

TYPE MIN MAX MIN MAX TEMPERATURE RANGE (oC) 

PCB83(0)C552-5-16 4.0 6.0 1.2 16 o to +70 

PCF83(0)C552-5-16 4.0 6.0 1.2 16 --40 to +85 

PCA83(0)C552-5-16 4.5 5.5 1.2 16 --40 to + 125 

PC883(0)C552-5-24 4.5 5.5 1.2 24 o to +70 

PCF83(0)C552-5-24 4.5 5.5 1.2 24 --40 to +85 

PCB83(0)C552-5-30 4.5 5.5 1.2 30 o to +70 
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DC ELECTRICAL CHARACTERISTICS 
Vss, AVss = OV 

SYMBOL PARAMETER 

100 Supply current operating: 
PCBaXC552-5-16 
PCFaXC552-5-16 
PCAaXC552-5-16 
PCBaXC552-5-24 
PCFaXC552-5-24 
PCBaXC552-5-30 

1'0 Idle mode: 
PCBaXC552-5-16 
PCFaXC552-5-16 
PCA8XC552-5-16 
PCBaXC552-5-24 
PCFaXC552-5-24 
PCB8XC552-5-30 

Ipo Power-down current: 

PCBaXC552 
PCFaXC552 
PCAaXC552 

Inputs 

V,L Input low voltage, except EA, P1.6, Pl.7 

V,L1 Input low voltage to EA 

V,L2 Input low voltage to Pl.61SCl, Pl.71SDA5 

V'H Input high voltage, except XTAL1, RST, P1.6/SCl, P1.7/SDA 

V'Hl Input high voltage, XTAl I, RST 

V,H2 Input high voltage, Pl.6/SCl, Pl.7/SDA5 

I'L logical 0 input current, ports I, 2, 3, 4, except PI.6, Pl.7 

III logicall-to--O transition current, ports I, 2, 3, 4, except Pl.6, Pl.7 

±1'Ll Input leakage current, port 0, 8'\, STADC, EW 

±1'L2 Input leakage current, Pl.6/SCl, Pl.7/SDA 

±1'L3 Input leakage current, port 5 

Outputs 

VOL Outputlow voltage, ports I, 2, 3, 4, except Pl.6, PI.? 

VOL1 Output low voltage, port 0, ALE, PSEfiI, 'f'W'fiim, 
PWm 

VOL2 Output low voltage, P1.6/SCl, P1.7/SDA 

VOH Output high voltage, ports 1,2,3,4, except Pl.6/SCl, P1.7/SDA 
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TEST 

CONDITIONS 

See notes 1 and 2 
fose = 16MHz 
fose = 16MHz 
fose = 16MHz 
lose = 24MHz 
fose= 24MHz 
fose= 30MHz 

See notes 1 and 3 
fose = 16MHz 
fose = 16MHz 
lose = 16MHz 
lose = 24MHz 
lose = 24MHz 
lose = 30MHz 

See notes 1 and 4; 
2V < Vpo < Voo max 

V,N = 0.45V 

See note 6 

0.45V < V, < Voo 

OV < V,< 6V 
OV < Voo < 5.5V 

0.45V < V, < Voo 

IOL = 1.6mA7 

IOL= 3.2mA7 

IOL = 3.0mA7 

Voo=5V +10% 
-loH = GOj.lA 
-loH = 25j.lA 
-loH = 10j.lA 

Product specification 

80C552183C552 

UMITS 

MIN MAX UNIT 

45 rnA 
45 rnA 
40 rnA 
55 rnA 
55 rnA 
6a rnA 

10 rnA 
10 rnA 
9 rnA 

12.5 rnA 
12.5 rnA 
15 rnA 

50 j.lA 
50 j.lA 
150 j.lA 

--0.5 0.2Voo--O.l V 

--0.5 0.2Voo--O·3 V 

--0.5 0.3Voo V 

0.2Voo+0.9 Voo+0.5 V 

O·7VDD Voo+0.5 V 

O.7Voo 6.0 V 

--50 j.lA 

-SSO j.lA 

10 j.lA 

10 j.lA 

1 j.lA 

0.45 V 

0.45 V 

0.4 V 

2.4 V 
0.75Voo V 

0.9Voo V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Outputs (Continued) 

VOHl ~smJt ~i~'Moltage (port 0 in external bus mode, ALE, VDD=5V+l0% 
, , PW/iiIT)8 -lOH = 400jJA 2.4 V 

-lOH = 150jJA 0.75VDD V 

-lOH = 40jJA 0.9VDO V 

VOH2 Output high voltage (RST) -IOH = 400jJA 2.4 V 

-lOH = 120jJA O.aYDO V 

RRST Internal reset pull-down resistor 50 150 kQ 

C,O Pin capacitance Test Ireq = 1 MHz, 10 pF 
TarTb = 25°C 

Analog Inpuls 

AYoo Analog supply voltage: 
PC8aXC552-5-16 AVDD = Voo±O.2V 4.0 6.0 V 

PCFaXC552-5-16 AVDD = YDo±o·2V 4.0 6.0 V 

PCAaXC552-5-16 AVOO = VDo±O.2Y 4.5 5.5 V 

PC8aXC552-5-24 AVDD = Voo±O.2V 4.5 5.5 V 

PCFaXC552-5-24 AVDo = Voo±O.2V 4.5 5.5 V 

PC8aXC552-5-30 AVOD = Voo±O.2V 4.5 5.5 V 

Aloo Analog supply current: operating: (16MHz) PortS =0 to AVDD 1.2 mA 
Analog supply current: operating: (24MHz, 30MHz) PortS =0 to AVOD 1.0 mA 

AI ,o Idle mode: 
PC8aXC552-5-16 50 jJA 
PCFaXC552-5-16 50 jJA 
PCAaXC552-5-16 100 jJA 
PC8aXC552-5-24 50 jJA 
PC FaXC552-5-24 50 J1A 
PC8aXC552-5-30 50 J1A 

AlpD Power-down mode: 2V < AVPD < AVoo max 
PC8aXC552 50 J1A 
PCFaXC552 50 J1A 
PCAaXC552 100 J1A 

AV ,N Analog input voltage AVss-O·2 AVDD+0.2 V 

AVREF Reference voltage: 

AVREF- AVss-O·2 V 

AVREF+ AVDDt-O·2 V 

RREF Resistance between AV REF. and AV REF- 10 50 kQ 

C,A Analog input capacitance 15 pF 

tAOS Sampling time 8lcy f1S 

tADC Conversion time (including sampling time) SOley f1S 

DLe Differential non-linearity 10. 11. 12 ±1 LSB 

ILe Integral non-linearity 10.13 ±2 LS8 

OS. Offset error 'O• 14 ±2 LS8 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Analog Inputs (continued) 

G. Gain error 10, 15 

A. Absolute voltage error 10. 16 

MeTe Channel to channel matching 

C, Crosstalk between inputs of port 5 '7 

NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1.See Figures 10 through 15 for IDD test conditions. 

±0.4 

±3 

±1 

O-l00kHz -SO 

2.The operating supply current is measured with all output pins disconnected; XTALl driven with lr = ~ = 10ns; VIL = Vss + 0.5V; 
VIH = VDD - 0.5V; XTAL2 not oonnected; EA = RST = Port 0 = EW = VDD; STADC = Vss. 

3.The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = tf = 10ns; V1L = Vss + 0.5V; 
V1H = VDD - 0.5V; XTAL2 not connected; Port 0 = EW = VDD; EA = RST = STADC = Vss. 

4.The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = VDD; 
EA = RST = STADC = XTAL 1 = Vss. 

% 

LSB 

LSB 

dB 

5.The input threshhold voltage of Pl.6 and Pl.7 (SI01) meets the 12C specification, so an input voltage below 1.5V will be reoognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 

6.Pins of ports 1 (except Pl.6, Pl.7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to O. The transition 
current reaches its maximum value when VIN is approximately 2V. 

7.Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due to 
external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed O.Sv. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input IOL can exceed these conditions provided that no 
single output sinks more than SmA and no more than two outputs exceed the test conditions. 

8.Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9VDD specification when the 
address bits are stabilizing. 

9.The following condition must not be exceeded: VDD - 0.2V < AVDD < VDD + 0.2V. 
10. Conditions: AVREF_ = OV; AVDD = 5.0V, AVREF+ (SOC552, 83C552) = 5.12V. ADC is monotonic with no missing codes. Measurement by 

continuous conversion of AVIN = -20mV to 5.12V in steps of 0.5mV. 
11. The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12. The ADC is monotonic; there are no miSSing codes. 
13. The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 

appropriate adjustment of gain and offset error. (See Figure 1.) 
14. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 

a straight line which fits the ideal transfer curve. (See Figure 1.) 
15. The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 

and the straight line which fits the ideal transfer curve. Gain error is oonstant at every point on the transfer curve. (See Figure 1.) 
16. The absolute voltage error (A.) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 

ADC and the ideal transfer curve. 
17. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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1023 

1022 

1021 

1020 

1019 

1018 

t 

o 

u 
~t 

(1) ExaR$le of an actual transfer curve. 
(2) The ic1ea11ransfer CWW!. 

(3) Differential non~inearity (DLe~ 

(4) !nEgra! non-linearity (ILe~ 
(S) Center of • step of the acbJaI transfer cw¥e. 
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Offeet Gain 

1018 1019 1020 1021 1022 1023 1024 

AVIN (LSBIde.O -

{ LSD = A_1i-"R"'EF'-'I~,--_A_1i,",R""EF-C:} 

Figure 1. ADC Conversion Characteristic 
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AC ELECTRICAL CHARACTERISTICS1. 2 
16 MHz version 

SYMBOL FIGURE PARAMETER 

1ftct.CL 2 Oscillator frequency 

'LHLL 2 ALE pulse width 

IAVLL 2 Address valid to ALE low 

'LLAX 2 Address hold alter ALE low 

'LLiV 2 ALE low to valid instruction in 

'LLPL 2 ALE low to l"SEN low 

\PLPH 2 PSEN pulse width 

IpLiV 2 PSEN low to valid instruction in 

IpXIX 2 Input instruction hold alter l"SEN 

IpXIZ 2 Input instruction float alter PSEN 

tAVIV 2 Address to valid instruction in 

IpLAZ 2 l"SEN low to address lloat 

Data Memory 

tRLRH 3 RU pulse width 

tWLWH 4 WR pulse width 

tRLDV 3 RU low to valid data in 

tRHDX 3 Data hold alter RU 

tRHDZ 3 Data 1I0at alter RU 

'LLDv 3 ALE low to valid data in 

tAvDV 3 Address to valid data in 

hWL 3,4 ALE low to RU or WR low 

tAvWL 3,4 Address valid to WR low or RU low 

tavwx 4 Data valid to WR transition 

tow 4 Data before WR 

tWHOX 4 Data hold alter WR 

tRLAZ 3 RU low to address 1I0at 

tWHLH 3,4 RU or WR high to ALE high 

External Clock 

teHCX 5 Hightime4 

teLCX 5 Lowtime4 

tcLCH 5 Risetime4 

tcHCL 5 Falltime4 

MIN 

85 

8 

28 

23 

143 

0 

275 

275 

0 

138 

120 

3 

288 

13 

23 

20 

20 

Product specification 
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16MHzCLOCK VARIABLE CLOCK 

MAX MIN MAX UNIT 

1.2 16 MHz 

2teLCL-40 ns 

IcLCL-55 ns 

IcLCL~5 ns 

150 4tcLCL-100 ns 

IcLCL-40 ns 

3teLCL-45 ns 

83 31cLCL-105 ns 

0 ns 

38 IcLCL-25 ns 

208 5tcLCL-l05 ns 

10 10 ns 

6IcLcL-l00 ns 

6IcLcL-l00 ns 

148 51cLCL-165 ns 

0 ns 

55 2!cLCL-70 ns 

350 81cLCL-150 ns 

398 91cLCL-165 ns 

238 3teLCL-50 31cLCL+50 ns 

4IcLCL-130 ns 

tCLCL~O ns 

7IcLcL-150 ns 

IcLCL-50 ns 

0 0 ns 

103 IcLCL-40 IcLCL+40 ns 

20 ns 

20 ns 

20 20 ns 

20 20 ns 

Serial Timing - Shift Register Mode4 (Test Conditions: Tarrb ~ OOC to +70oC; Vss ~ OV; Load Capaciatnce ~ 8OpF) 

tXLXL 6 Serial port clock cycle time 0.75 

loVXH 6 Output data setup to clock rising edge 492 

tXHQX 6 Output data hold after clock rising edge 8 

tXHDX 6 Input data hold after clock rising edge 0 

tXHDV 6 Clock rising edge to input data valid 492 

NOTES: 
1.Parameters are valid over operating temperature range unless otherwise specified. 
2.Load capacitance for port 0, ALE, and l"SEN ~ l00pF, load capacitance lor all other outputs ~ 80pF. 
3.IcLCL ~ 1/lasc ~ one oscillator clock period. 

IcLCL ~ 83.3ns at losc; 12MHz. 
tcLCL ~ 62.5ns at lasc; 16MHz. 

4.These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS (Continued)l, 2 

24/30 MHz version 

24MHzCLOCK 

SYMBOL FIGURE PARAMETER MIN MAX 

l/tcLCL 2 Oscillator frequency 

ILHLL 2 ALE pulse width 43 

tAVLL 2 Address valid to ALE low 17 

hAX 2 Address hold after ALE low 17 

tLLlv 2 ALE low to valid instruction in 102 

ILLPL 2 ALE low to PSrn low 17 

IpLPH 2 !'SEN pulse width 80 

IpLiv 2 !'SEN low to valid instruction in 65 

tPXIX 2 Input instruction hold after !'SEN 0 

IpXIZ 2 Input instruction float after PS"EN 17 

tAVIV 2 Address to valid instruction in 128 

IpLAZ 2 PS"EN low to address float 10 

Data Memory 

tRLRH 3 RU pulse width 150 

tWLWH 4 WR pulse width 150 

tRLDv 3 RU low to valid data in 118 

tRHDX 3 Data hold after RU 0 

tRHDZ 3 Data float after RU 55 

tLLDV 3 ALE low to valid data in 183 

tAVDV 3 Address to valid data in 210 

ILLWL 3,4 ALE low to m or WR low 75 175 

tAVWL 3,4 Address valid to WR low or fID low 92 

tavwx 4 Data valid to WR transition 12 

tDW 4 Data before WR 162 

tWHQX 4 Data hold after WR 17 

tRLAZ 3 RU low to address float 0 

tWHLH 3,4 RU or WR high to ALE high 17 67 

External Clock 

tcHCX 5 High time3 17 

IcLCX 5 Lowtime3 17 

IcLCH 5 Risetime3 5 

IcHCL 5 Fall time3 5 

Product specification 
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30MHzCLOCK VARIABLE CLOCK 

MIN MAX MIN MAX UNIT 

1.2 24 MHz 

27 2lcLcL --40 ns 

8 IcLcL-25 ns 

8 IcLCL-25 ns 

6B 4tcLCL~5 ns 

8 tcLcL-25 ns 

55 3IcLCL--45 ns 

40 3tcLCL~0 ns 

0 0 ns 

8 IcLCL-25 ns 

87 5IcLCL-80 ns 

10 10 ns 

100 6tcLCL-l00 ns 

100 6tcLCL-l00 ns 

77 5IcLcL-90 ns 

0 0 ns 

39 21cLCL-28 ns 

117 81cLcL-150 ns 

135 91cLcL-165 ns 

50 150 3tcLCL-50 3tcLCL+50 ns 

58 41cLcL-75 ns 

3 IcLCL-30 ns 

103 7tcLCL-130 ns 

8 IcLCL-25 ns 

0 0 ns 

8 58 IcLCL-25 IcLCL+25 ns 

15 17 ns 

15 17 ns 

3 20 ns 

3 20 ns 

Serial Timing - Shift Register Model (Test Conditions: Tamb ~ OoC to +70oC; Vss ~ OV; Load Capaciatnce ~ 8OpF) 

tXLXL 6 Serial port clock cycle time 0.5 0.4 

taVXH 6 Output data setup to clock rising edge 283 200 

tXHQX 6 Output data hold after clock rising edge 23 6.6 

tXHDX 6 Input data hold after clock rising edge 0 0 

tXHDV 6 Clock rising edge to input data valid 283 200 

NOTES: 
1.Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PS"EN ~ 1OOpF,Ioad capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
4.tCLCL = 1/fosc = one oscillator clock period. 

IcLCL = 41. 7ns at fose = 24M Hz. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER INPUT 

12C Interface (Refer to Figure 9) 

!HD; STA START condition hold time <:: 14lcLcL 

tLOW SCllowtime <:: 16 tcLCL 

!HIGH SCl high time ~ 14lcLcL 

tRC SCl rise time ~ ljLs 

tFC SCl fall time ~03~ 

tsu; DATl Data set -up time ~ 250ns 

tsu; DAT2 SDA set-up time (before rep. START cond.) ~ 250ns 

tsu; DAT3 SDA set-up time (before STOP cond.) ~ 250ns 

tHD; DAT Data hold time ~Ons 

tsu; STA Repeated START set-up time <:: 14lcLcL 

tsu;STO STOP condition set-up time ~ 14lcLcL 

tBUF Bus free time ~ 14 tcLCL 

tRD SDA rise time ~ ljLS 

tFD SDAfalitime ~0.3~s 

NOTES: 
1.At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate of 100 kbiVs. 
2.Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < l~s. 

Product specification 
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OUTPUT 

> 4.0~s 1 

> 4.7~s 1 

>4.0~ 1 

- 2 

< 0.3jLs 3 

> 20 tcLCL - tRD 

>1~1 

> 8 tcLCL 

> 8 tcLCL - tFc 

>4.7~ 1 

> 4.0~s 1 

>4.7~1 

_2 

< 0.3jLs 3 

3.Spikes on the SDA and SCl lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCl~ 400pF. 

4.tCLCL = 1/fosc ~ one oscillator clock period at pin XTAL1. For 62ns, 42ns, 33.3ns < tcLCL < 285ns (16MHz, 24MHz, 30MHz > fosc > 1.2MHz) 
the SIOl interface meets the 12C-bus specification for bit-rates up to 100 kbiVs. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (~ time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSrn 

ALE 

PORTO 

PORT 2 

ALE "' 

~tLlwL 

IAVll 
tLLAX 

AD-A7 

Q - Output data 
R - !=!U signal 
t - Time 
V - Valid 
W - WR" signal 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL ~ Time for address valid to 

ALE low. 
tLLPL ~ Time for ALE low to 

P"Srnlow. 

Figure 2. External Program Memory Read Cycle 

-tWHLH-

tLlDV ·1 
tRlRH 

"' 
!--tRlDV -~ ~ 

tRHDX- f-

Product specification 
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AG-A7 

A8-A15 

/ 

F ~ »7: FROM RI OR OPl 1 
DATA IN ~ AO-A7 FROM pel INSTRIN PORTO 

-tAVWL---

tAVDV 

PORT 2 )< P2.D-P2.7 OR AB-A15 FROM DPH AS-A 15 FROM PCH 

Figure 3. External Data Memory Read Cycle 
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ALE 

tWHLH -

---'0f4---- tWLWH ----+I 

WR--------------r---------~ 

tavwx 
1+--++---tDW ------I 

PORTO DATA OUT AG-A7 FROM PCL INSTRIN 

PORT 2 P2.~P2. 7 OR A8-A 15 FROM DPH AB-A 15 FROM PCH 

Figure 4. External Data Memory Write Cycle 

i+------IcLCl ------.1 

Figure 5. External Clock Drive XTAL1 

INSTRUCTION 

ALE 

CLOCK 

OUTPUT DATA , 

+ 
WRITE TO SBUF 

INPUT DATA 

'---r' 
CLEAR RI , 

SET RI 

Figure 6. Shift Register Mode Timing 
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VD[)-dS =x >C D.2V00i4·9 

O.45V ._D._2V-=O:::I}-4C-·, _____ _ 

NOTE: 

f>C INPUTS DURING TESTING ARE DRIVEN AT VDI)-O.5 FDR A LOGIC '1' AND 
O,45V FOR A LOGIC '0'. TIMING MEASUREMENTS ARE MADE AT VIH MIN FOR A 
LOGIC '1' AND VIL MAX FDR A LOGIC '0'. 

Figure 7. AC Testing Input/Output 

'HO;STA 'Low 'HIGH tsu;DATl 'HO;OAT 
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VLOAO----{ 

NOTE: 

nMiNG 
REFERENCE 

POINTS VOl.+<l.1V 

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS m FLOAT WHEN A 
100mV CHANGE FROM THE LOADED VOfilVOL LEVEL OCCURS. 1oH'IoL';' ± 
2OmA. 

Figure 8. Float Waveform 

tSU;DAT2 

Figure 9. TIming SIOl (12C) Interface 
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(1) Maximum operating mode; Voo = 6V 
(2) Maximum operating mode: VOO = 4V 
(3) Maximum idle mode; Von = 6V 

(4) MaxfnKNn idle mode: YOO = 4V 

Figure 10. 16MHz Version Supply Current (100) as a Function of Frequency at XTAL 1 (fose) 
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(l) Maximum operating mode: VOO = S.SV 
(2) Mllximum operating mode; Von = 4.5V 
(3) Mu.imum idle mode; VOO = 5.5V 

(4) Maximum idle mode: VOO = 4.SV 

Figure 11. 24MHz Version Supply Current (100) as a Function of Frequency at XTAL 1 (fose) 
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vOO 

P1.6 

'-'\IY.-----I P'.7 

(NC 

CLOCK SIGNA 

vOO 

PO 

Ell: 

EW 

AVSS 

AVref_ 

vOO 

Figure 12. 100 Test Condition, Active Mode 
All other pins are disconnected' 

Figure 14. Clock Signal Waveform for 100 Tests in Active 
and Idle Modes tCLCH = tCHCL = Sns 

NOTES: 
I.Active Mode: 

a. The following pins must be forced to Voo: E}!;, RST, Port 0, and EW. 
b. The following pins must be forced to Vss: STADC, AVss, and AV,ef_. 

voo 

Pl.6 
Pl.7 VOD 
RST 

STADC 
PO 

(NC XTAL2 
n 

CLOCK SIGNA XTAL' 

Vss 

Figure 13. 100 Test Condition, Idle Mode 
All other pins are disconnected2 

Pl.6 
P1.7 voo 
RST 

STAOC 
PO 

XTAL2 

XTAl1 

Vss 

- -

Voo 

voo 

Figure 15. 100 Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to S.SV' 

c. Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the lOll spec of these pins. 

d. The following pins must be disconnected: XTAL2 and all pins not specified above. 
2.ldle Mode: 

a. The following pins must be forced to Voo: Port 0 and EW. 
b. The following pins must be forced to Vss: RST, STADC, AVs", AV,ef_, and E}!;. 
c. Ports 1.6 and 1.7 should be connected to Voo through resistors of sufficienUy high value such that the sink current into these pins cannot 

exceed the IOL 1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 
d. The following pins must be disconnected: XTAL2 and all pins not specified above. 

3.Power Down Mode: 
a. The following pins must be forced to Voo: Port 0 and EW. 
b. The following pins must be forced to Vss: RST, STADe, XTAL1, AVss" AVref_, and E}!;. 
c. Ports 1.6 and 1.7 should be connected to Yoo through resistors of sufficiently high value such that the sink current into these pins cannot 

exceed the IOL 1 spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 
d. The following pins must be disconnected: XTAL2 and all pins not specified above. 

November 25,1992 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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Single-chip 8-bit microcontrol/er with 10-bit ND, capture/compare timer. high-speed outputs, PWM 

DESCRIPTION PIN CONFIGURATIONS 

II 
The 87C552 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C552 has the 
same instruction set as the 8OC51. Three 
versions of the derivative exist 

• 83C552 - 8k bytes mask programmable 
ROM 

• 8OC552 - ROMless version of the 83C552 

• 87C552 - Bk bytes EPROM 

The 87C552 contains a 8k x 8 a volatile 256 
x B readiwrite data memory, five 8-bit I/O 
ports, one B-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the BOC51), an additional IS-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-Ievel, nested interrupt structure, 
an 6-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and 12C-bus), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
B7C552 can be expanded using standard 
TTL compatible memories and logic. 

In addition, the 87C552 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16MHz (24MHz) crystal, 
58% of the instructions are executed in 
0.75f'S (0.5f'S) and 40% in 1.5f'S (If'S). 
Multiply and divide instructins require 31ls 
(2Ils). 

January 7, 1993 

FEATURES 
• 8OC51 central processing unit 

• 8k x 8 EPROM expandable externally to 
64k bytes 

• An additional 16-bit timer/counter coupled 
to four capture registers and three compare 
registers 

• Two standard 16-bittimer/counters 

• 256 x 8 RAM, expandable externally to 64k 
bytes 

• Capable of producing eight synchronized, 
timed outputs 

• A 10-bit ADC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width 
modulation outputs 

• Five 8-bit 110 ports plus one 8-bit input port 
shared with analog inputs 

• 12C-bus serial 110 port with byte oriented 
master and slave functions 

• Full-duplex UART compatible with the 
standard 80C51 

• On-<:hip watchdog timer 

• Three speed ranges: 

- 16MHz 

• Extended temperature ranges 

• OTP package available 

797 

Pin Fmc:tIon 
1 PS.DlAOCO 

2 VDD 

3 STADC 
4 PWfi!lj 

S PWm 
6 EW 
7 P4.OICMSRO 

P4.1ICMSRI 
P4.2ICMSR2 

10 P4.3ICMSR3 

II P4.4ICMSR4 
12 P4.5ICMSRS 

13 P4.6ICMTO 
14 P4.7/CMT1 

IS RST 

16 Pl.DlCTOI 
17 Pl.11CTll 
18 Pl.2ICT21 

19 P1.3ICT31 
20 P1AiT2 

21 Pl.51RT2 

22 P1.6ISCL 
23 P1.1/SDA 
24 P3.DlRxO 
25 P3.lfTxO 

28 P3.2IIIrnl 

27 P3.3IINTf 
28 P3.4ITO 

29 P3.5ITI 
30 P3.6IWR 
31 P3.1/RD 

32 NC 
33 NC 

34 XTAl2 

Pin Function 
35 XTALI 

36 Vss 

37 vss 
38 NC 
39 P2.DlAOB 

40 P2.1/A09 

41 P2.21AIO 
42 P2.3IAll 
43 P2.41A12 
44 P2.51A13 

45 P2.6IA14 
46 P2.7/A15 

47 l'S8iI 
48 ALEII'lRlG 

49 ElWpp 
50 PO.7/AD7 

51 PO.6IADS 
52 PO.51AD5 

53 PO.41AD4 
54 PO.3IAOO 

55 PO.21AD2 

66 PO.l/ADl 
57 PO.DlAOO 

58 AVrs-

59 AVra+ 

60 AVss 

61 AVOO 

62 P5.7/ADC7 
63 PS.6IAOCS 

64 P5.51ADC5 
65 P5.41ADC4 

66 PS.3IADC3 

67 PS.21ADC2 

58 P5.lIADCl 

853-169008657 
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ORDERING INFORMATION 

PHIUPS NORTH AMERICA PHIUPS PART ORDER NUMBER 
PART MARKING PART ORDER NUMBER DRAWING TEMPERATURE °c FREQ 

ROMless ROM ROMless ROM NUMBER AND PACKAGE MHz 

PCB8OC552-5-16WP PCB83C552-5WP/xxx S80C552-1 A68 S83C552-1A68 SOTl88 
o to +70, Plastic Leaded Chip 

16 Carrier 

PCB80C552-5-16H PC B83C552-5H/xxx S80C552-1B S83C552-1B SOT318 o to +70, Plastic Quad Flat Pack 16 

PCF80C552-5-16WP PCF83C552-5WP/xxx S80C552-2A68 S83C552-2A68 SOT188 
-40 to +85, Plastic Leaded Chip 

16 Carrier 

PCF80C552-5-16H PCF83C552-5H/xxx S80C552-2B S83C552-2B SOT318 
-40 to +85, Plastic Quad Rat 

16 Pack 

PCA80C552-5-16WP PCA83C552-5WP/xxx S80C552-6A68 S83C552-6A68 SOT188 
-40 to + 125, Plastic Leaded Chip 

16 Carrier 

PCA80C552-5-16H PCA83C552-5H/xxx S80C552-6B S83C552-6B SOT318 -40 to + 125, Plastic Quad Flat 
16 Pack 

PCB80C552-5-24WP PCB83C552-5WP/xxx S80C552-AA68 S83C552-AA68 SOTl88 
o to +70, Plastic Leaded Chip 

24 Carrier 

PCB80C552-5-24H PCB83C552-5H/xxx S80C552-AB S83C552-AB SOT318 o to +70, Plastic Quad Rat Pack 24 

PCF80C552-5-24WP PCF83C552-5WP/xxx S80C552-BA68 S83C552-BA68 SOT188 
-40 to +85, Plastic Leaded Chip 

24 Carrier 

PCF80C552-5-24H PCF83C552-5H/xxx S80C552-BB S83C552-BB SOT318 
-40 to +85, Plastic Quad Flat 

24 Pack 

PCB80C552-5-30WP PCB83C552-5WP/xxx S80C552-CA68 S83C552-CA68 SOT188 
o to +70, Plastic Leaded Chip 

30 Carrier 

PCB80C552-5-30H PCB83C552-5H/xxx S80C552-CB S83C552-CB SOT318 o to +70, Plastic Quad Rat Pack 30 

NOTE: 
1.xxx denotes the ROM code number. 
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DRAWING TEMPERATUREoC FREQ 

EPROM NUMBER AND PACKAGE MHz 

S87C552-4A68 0398E 
o to +70, Plastic Leaded Chip 

16 Carrier 

S87C552-4K68 1473A 
o to +70, Ceramic Leaded Chip 

16 Carrier wlWindow 

S87C552-4B SOT318 o to +70, Plastic Quad Flat Pack 16 

S87C552-5A68 0398E 
-40 to +85, Plastic Leaded Chip 

16 Carrier 

S87C552-5K68 1473A 
-40 to +85, Ceramic Leaded 

16 Chip Carrier wlWindow 

887C552-5B SOT318 
-40 to +85, Plastic Quad Flat 

16 Pack 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

I80l I65l 

[i/ 0 

~ 
POFP 

§ ~ 
~ ~ 

Pin FWlction Pin Function 
1 P4.1/CMSRl 41 P2.3'Al1 

P4.21CMSR2 42 P2.41A12 
NC 43 NC 

P4.31CMSR3 44 NC 

P4.4ICMSR4 45 P2.51A13 

P4.SlCMSR5 46 P2.6IA14 

P4.6ICMTO 47 P2.7/A15 

P4.1ICMTl 48 PSrn 

RST 49 AL8PROG 

10 P1.0/CTOI 50 EJWpp 

11 P1.1ICTlI 51 PO.7/AD? 

12 Pl-2/CT21 52 PO.6IADs 

13 Pl.31CT31 53 PO.SlAD5 

14 Pl.41T2 54 PO.4/AD4 

15 P1.5/RT2 55 PO.31AD3 

16 P1.6ISCL 56 PO.21AD2 

17 P1.7/SDA 57 PO.lIAD1 

18 P3.0/RxD 58 PO.O/ADO 

19 P3.1/TxD 59 AVref-

20 P3.2IlNTU 60 AVref+ 

21 NC 61 AVSS 

22 NC 62 NC 

23 P3.3IlliITT 63 AVDD 

24 P3.41T0 54 PS.7/ADC7 

25 P3.5IT1 65 P5.6IADC6 

26 P3.6IWR 66 PS.SlADC5 

27 P3.71flIl 67 P5.41ADC4 

28 NC 68 P5.31ADC3 

29 NC 69 P5.21ADC2 
30 NC 70 P5.1/ADCl 
31 XTAL2 71 P5.Q/ADCO 

32 XTALl 72 VDD 

33 IC 73 IC 

34 VSS 74 STADC 

35 VSS 75 PWI>ID 

36 VSS 76 PWMf 
37 NC 77 EW 
38 P2.0/AOB 78 NC 

39 P2.1/A09 79 NC 

40 P2.21A10 80 P4.OJCMSRO 

NC = not connected 
Ie"" internally connected (do not use) 

January 7, 1993 

LOGIC SYMBOL 

~~ -

XTALl --+ 
XTAL2 _ 

E1i7Vpp __ 

Al.E!PIIOO ..-.. 

800 

PSER 4-

AVss 
AVDD 

AYref+ 
AVref

STADe -PWIJf 

------

Product specification 

lOW ORDER 
ADDRESS AND 

DATA BUS 
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BLOCK DIAGRAM 

10 T1 1RTIi IRTT --m m m m VDD Vss _ _ _ ______ J _________ L _ _ _ _ _ _ _ _ _ __ 

XTA1.2 
111, T1 

lW01&-&1T 
nllERlEVENT 
COUNTERS 

PO PI P2 

CPU 

P3 TxD RxD P5 

PROGRAM 
MEMORY 
8I<xa 
EPROM 

P4 CTII-CT3I 

m ALTERNATE FUNCnON OF PORT 0 m ALTERNATE FUNCnON OF PORT 3 

IJJ ALTERNATE FUNCnON OF PORT 1 rn ALTERNATE FUNCnON OF PORT 4 

III ALTERNATE FUNCnON OF PORT 2 m ALTERNATE FUNCnON OF PORT 5 
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COIIPARA
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC PLCC QFP TYPE NAME AND FUNCTION 

Voo 2 72 I Digital Power Supply: +5V power supply pin during normal operation, idle and 
power·down mode. 

STADC 3 74 I Start ADC OptJration: Input starting analog to digital conversion (ADe operation can also 
be started by software). 

PWMO 4 75 0 Pulse Width Moduladon: Output o. 
PWm 5 76 0 Pulse Width Moduladon: Output 1. 

EW 6 n I Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. 

PO.O-PO.7 57·50 58-51 1/0 Pori 0: Port 0 is an 8-bit open-drain bidirectional 110 pori. Por1 0 pins thai have 1 s written 
to them float and can be used as hiQh-lmpedance inputs. Port 0 is also the multiplexed 
low-order address and data bus dunng accesses to extemal program and data memory. In 
this application il uses strong intemal pull-ups when emitting 1 s. Port 0 is also used to Input 
the code byte during programming and 10 output the code byte during verification. 

Pl.O-Pl.7 16-23 10-17 110 Pori 1 : 8-billlO port. Altemale functions include: 
16-21 10-15 110 (Pl.o-Pl.S): Quasi-bidirectional port pins. 
22-23 16-17 110 (Pl.G, Pl.7): Open drain port pins. 
16-19 10-13 I CTOI-CT31 (Pl.o-Pl.3): Capture timer input signals for timer T2. 

20 14 I T2 (Pl.4): T2 event input. 
21 15 I RT2 (Pl.5): T2 timer reset signal. Rising edge triggered. 
22 16 110 SCL (Pl.G): Serial port clock line 12C·bus. 
23 17 1/0 SDA (Pl.7): Serial port data line l2C-bus. 

Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on Pl.0, etc. 

P2.0-P2.7 39-46 38-42, 110 Pori 2: 8-bit quasi-bidirectional 110 port. 
45-47 Alternate function: High-order address byte for external memory (A08-A 15). Port 2 is also 

used to i~ut the upper order address during EPROM programming and verification. A8 is 
on P2.0, 9 on P2.1, through A12 on P2.4. 

P3.O-P3.7 24-31 18-20, 1/0 Port 3: 8-bit quasi-bidirectional 1/0 port. Alternate functions include: 
23-27 

24 18 RxD(P3.0): Serial input port. 
25 19 TxD (P3.1): Serial output port. 
26 20 lRTIJ (P3.2): Extemal interrupt 
27 23 lNTf (P3.3): External interrupt. 
28 24 TO (P3.4): limer 0 extemal input. 
29 25 T1 (P3.S): limer 1 external input. 
30 26 WR (P3.6): External data memory write strobe. 

31 27 lID (P3.7): External data memory read strobe. 

P4.0-P4.7 7-14 80,1-2 110 Port 4: 8-bit quasi-bidirectional 110 port. Alternate functions include: 
4-8 

7-12 80,1-2 0 CMSRO-CMSR5 (P4.0-P4.S): limer T2 compare and seVreset outputs on a match with 
4-6 timerT2. 

13,14 7,8 0 CMTO, CMT1 (P4.6, P4.7): limer T2 compare and toggle outputs on a match with timer T2. 

P5.O-P5.7 68~2, 71~4, I Pori 5: 8-bit input port. 
1 ADCO-ADC7 (P5.0-PS.7): Alternate function: Eight input channels to ADC. 

RST 15 9 110 Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 
overflows. 

XTALl 35 32 I Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the 
internal clock generator. Reoeives the external clock signal when an external oscillator is 
used. 

XTAL2 34 31 0 Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock is used. 
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PIN DESCRIPTION (Continued) 

PIN NO. 

MNEMONIC PLCC QFP TYPE NAME AND FUNCTION 

Vss 36,37 34-36 I Digital ground. 

PSEN 47 46 a Program Store Enable: Active-low read strobe to external program memory. 

ALEII'FtOO 48 49 a Address latch Enable: Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods. Durin\! an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TTL inputs and handles 
CMOS i~uts without an external pull-up. This pin is also the program pulse input (~) 
during E ROM programming. 

F/fJVpp 49 50 I External Access: When EA is held at TTL level high, the CPU executes out of the internal 
r,rogram ROM provided the program counter is less than 8192. When EA is held at TTL low 
evel, the CPU executes out of external program memory. EA is not allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM 
programming. 

AVREF~ 58 59 I Analog to Digital Conversion Reference Resistor: Low-end. 

AVREF+ 59 60 I Analog to Digital Conversion Reference Resistor: High-end. 

AVss 60 61 I Analog Ground 

AVoo 61 63 I Analog Power Supply 

NOTE: 
I.To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0.5V or Vss - 0.5V, 

respectively. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 780. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 

remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-<:hip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register peON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 

Table 1. External Pin Status During Idle and Power-Down Modes 

PROGRAM PWMOI 
MODE MEMORY ALE 1'SER PORTO PORT 1 PORT 2 PORT 3 PORT 4 PWMI 

Idle Internal 1 1 Data Data Data Data Data High 

Idle External 1 1 Float Data Address Data Data High 

Power-down Internal 0 0 Data Data Data Data Data High 

Power-down External 0 0 Float Data Data Data Data High 
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Serial Control Register (51 CON) - See Table 2 

S.CON (DaH) , cm' ENS.' STA 'STO I 51 , AA 'CR. , coo I 

Product specification 

87C552 

Bits CRO, CRl and CR2 determine the serial clock frequency that is generated in the master mode of operation. 

Table 2. Serial Clock Rates 

BIT FREQUENCY (kHz) AT fose 

CR2 CRl CRO 6MHz 12MHz 16MHz fose DIVIDED BY 

0 0 0 23 47 62.5 256 
0 0 1 27 54 71 224 

0 1 0 31.25 62.5 83.3 192 
0 1 1 37 75 100 160 
1 0 0 6.25 12.5 17 960 
1 0 1 50 100 133 • 120 
1 1 0 100 200 267 1 60 
1 1 1 0.25 <62.5 0.5 < 62.5 0.67 < 56 96 x (256 - (reload value Timer 1» 

o to 225 o to 224 o to 223 Timer 1 in Mode 2. 

NOTE: 
1. These frequencies exceed the upper limit of 100kHz of the 12C·bus specification and cannot be used in an 12C~bus application. 

ABSOLUTE MAXIMUM RATINGS" 2, 3 

PARAMETER RATING UNIT 

Storage temperature range -B5to+150 °C 

Voltage on rnvpp to Vss ~.5 to+13 V 

Voltage on any other pin to Vss ~.5to +6.5 V 

Input, output DC current on any single I/O pin 5.0 mA 

Power dissipation (based on package heat transfer limitations, not device power 1.0 W 
consumption) 

NOTES: 
1.Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2.This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE (V) FREQUENCY (MHz) 

TYPE MIN MAX MIN MAX TEMPERATURE RANGE (OC) 

P87C552~4 4.5 5.5 3.5 16 o to +70 

P87C552~5 4.5 5.5 3.5 16 -40 to +85 
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DC ELECTRICAL CHARACTERISTICS 
Vss AVss=OV 

SYMBOL PARAMETER 

100 Supply current operating: 
PCA8XC552-5-16 

110 Ide mode: 
87C552 

Ipo Power-down current: 

87C552 

Inputs 

VIL Input low voltaga, except 9\", Pl.6, Pl.7 

VIL1 Input low voltage to 9\" 

VIL2 Input low voltage to Pl.61SCl, Pl.7ISDA5 

VIH Input high voltage, except XTAll, RST 

VIHI Input high voltage, XTAL1. RST 

VIH2 Input high voltage, Pl.61SCl, Pl.7/SDA5 

IlL Logical 0 input current, ports 1, 2, 3, 4, except Pl.6, Pl. 7 

ITL Logicall-to-O transition current, ports 1, 2,3,4, except Pl.6, Pl.7 

±11L1 Input leakage current, port 0, 9\", STADC, EW 

±11L2 Input leakage current Pl.BISCl, Pl.7/SDA 

±11L3 Input leakage current, port 5 

Outputs 

VOL Output low voltage, ports 1, 2,3,4, except Pl.B, Pl.7 

VOL1 Output low voltage, port 0, ALE, PSEIiI, l'WIiiID, 
'I'Wm 

VDL2 Output low voltage, Pl.BISCl, Pl.7ISDA 

VOH Output high voltage, ports 1,2,3,4, except Pl.6ISCl, Pl.7/SDA 

VOH1 Output high voltage (port 0 in extemal bus mode, ALE, 
PSEIiI, I"WMO, 'I'Wm)8 

VOH2 Output high voltage (RST) 

RRST Intemal reset pull-down resistor 

CIO Pin capacitance 

Analog Inputs 

AVoo Analog supply voltage: 
87CSS:!9 

Aloo Analog supply current: operating: 

Al lo Idle mode: 
87CS52 

Alpo Power-down mode: 

January 7,1993 805 

TEST 

CONDITIONS 

See notes 1 and 2 
losc= 16MHz 

See notes 1 and 3 
Iosc = 16MHz 

See notes 1 and 4; 
2V < VPO < Voo max 

VIN = 0.45V 

See note 6 

O.45V < VI < Voo 

OV<VI<6V 
OV < Voo < 5.5V 

O.45V < VI < Voo 

IOL = 1.6mA7 

IOL=3.2mA7 

IOL=3.0mA7 

-IOH =BOJIA 
-loH = 25)1A 
-IOH = 10)1A 

-10H = 400)1A 
-10H = lS0JIA 
-loH =40JIA 

-10H = 400)1A 
-IOH = 12011A 

Testfreq = 1 MHz, 
TaJri>= 25°C 

AVoo = Voo±O.2V 

PortS = 0 to AVoo 

2V < AVpo < AVoo 
max 

Product speCification 
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UMITS 

MIN MAX UNIT 

40 rnA 

7 rnA 

50 JIA 

-Q.5 0.2Voo-Q.l V 

-Q.S 0.2Voo-Q·3 V 

-Q.S 0.3Voo V 

0.2Voo+0.9 Voo+0.5 V 

O·7Voo Voo+D·5 V 

O·7Voo 6.0 V 

-SO JIA 

-$0 JIA 

10 JIA 

10 JIA 

1 JIA 

0.45 V 

0.45 V 

0.4 V 

2.4 V 

0.75Voo V 
0.9Voo V 

2.4 V 
0.75Voo V 

0.9Voo V 

2.4 V 

0.8Voo V 

SO lS0 kn 

10 pF 

4.5 5.5 V 

1.2 rnA 

50 JIA 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Analog Inputs (Continued) 

B7C552 50 

AVIN Analog input voltage AVss-fJ·2 AVoo+O·2 

AVREF Reference voltage: 
AVREF- AVss-fJ·2 
AVREF+ AVoo+O·2 

RREF Resistance between AVREF+ and AVREF- 10 50 

CIA Analog input capacitance 15 

tADS Sampling time BIcv 

lAoc Conversion time (including sampling time) 50tey 

Ole Differential non-linearityl0.11. 12 ±1 

ILe Integral non-linearity 10. 13 ±2 

OS. Offset error10. 14 ±2 

G. Gain error1O•15 ±O.4 

As Absolute voltage error10. 16 ±3 

MeTe Channel to channel matching ±1 

Ct Crosstalk between inputs of port 517 O-I00kHz -60 
NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
I.See Figures 10 through 15 for 100 test conditions. 
2.The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t,. = ~ = IOns; VIL = Vss + 0.5V; 

VIH = Voo - 0.5V; XTAL2 not connected; EJI: = RST = Port 0 = EW = Voo; STADC = Vss. 
3.The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t,. = It = IOns; VIL = Vss + 0.5V; 

VIH = Voo -0.5V; XTAL2 not connected; Port 0 = EW = Voo; EJI: = RST = STADC = Vss. 
4.The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Voo; 

EJI: = RST = STADC = XTAL 1 = Vss. 

IIA 
V 

V 
V 

lin 

pF 

lIS 

lIS 

LSB 

LSB 

LSB 

% 

LSB 

LSB 

dB 

5.The input threshhold voltage of Pl.S and PI. 7 (S101) meets the 12C specification. so an input voltage below 1.5V will be recognized as a logic 
o while an input voltage above 3.0V will be recognized as a logic 1. 

6.Pins of ports 1 (except Pl.6. PI.7). 2. 3. and 4 source a transition current when they are being externally driven from 1 to O. The transition 
current reaches its maximum value when VIN is approximately 2V. 

7.Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due to 
external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF). the noise pulse on the ALE pin may exceed O.BV. In such cases. it may be desirable to qualify ALE 
with a Schmitt Trigger. or use an address latch with a Schmitt Trigger STROBE input. IOL can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

B.Capacitive loading on ports 0 and 2 may cause the VOH on ALE and l'SEJIl' to momentarily fall below the 0.9Voo specifICation when the 
address bits are stabilizing. 

9.The following condition must not be exceeded: Voo - 0.2V < AVoo < Voo + 0.2V. 
10. Conditions: AVREF- = OV; AVoo = 5.0V. Measurement by continuous conversion of AVIN = -20mV to 5.12V in steps of 0.5mV. derivating 

parameters from collected conversion results of ADC. AVREF+ (87C552) = 4.977V. ADC is monotonic with no missing codes. 
11. The differential non-linearity (Ole) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
12. The ADC is monotonic; there are no missing codes. 
13. The integral non-linearity (Ile) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 

appropriate adjustment of gain and offset error. (See Figure 1.) 
14. The offset error (OSo) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error). and 

a straight line which fits the ideal transfer curve. (See Figure 1.) 
15. The gain error (G.) is the relative difference in percent between the straight line filling the actual transfer curve (after removing offset error). 

and the straight line which fils the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
16. The absolute voltage error (A.) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 

ADC and the ideal transfer curve. 
17. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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1023 

1022 

1021 

1020 

1019 

1018 

i 

4 

2 

o 

u 
0If0et 
error 
os" 

4 

(1) Example of an actual tranafer ctne. 

(2) The ideaI_ curve. 
(3) Differential non~ineority (D'-e~ 

(4) Integrol --ty ~'-e~ 
(5) Center of • etep of 'the actuallranster CI.8'Ve. 
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~t GoIn 
enor error 
os" Ge 

I· ·1· ·1 

1018 1018 1020 102. .022 1023 1024 

AVIN (LSBideaIl -

Figure 1. ADC Conversion Characteristic 
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AC ELECTRICAL CHARACTERISTICS1, 2 

12MHzCLOCK 16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX MIN MAX UNIT 

lltct.cL 2 Oscillator frequency 3.5 16 MHz 

It.HLL 2 ALE pulse width 127 85 21ct.cL-40 ns 

~VLL 2 Address valid to ALE low 28 8 tcLCL-55 ns 

It.LAX 2 Address hold after ALE low 48 28 tcLCL-35 ns 

It.LlV 2 ALE low to valid instruction in 234 150 4tcLCL-l00 ns 

It.LPL 2 ALE low to PSEN low 43 23 lcLcL-40 ns 

IpLPH 2 PSEN pulse width 205 143 3tcLcL-45 ns 

IpLIV 2 PSEN low to valid instruction in 145 83 31cLcL-l05 ns 

IpXIX 2 Input instruction hold after l'SER 0 0 0 ns 

IpXIZ 2 Input instruction float after l'SER 59 38 tcLCL...,25 ns 

~VIV 2 Address to valid instruction in 312 208 5tcLcL-l05 ns 

IpLAZ 2 l'SER low to address float 10 10 10 ns 

Data Memory 

tAVLL 3,4 Address valid to ALE low 43 23 teLCL-40 ns 

tRLRH 3 AU pulse width 400 275 6teLcL-l00 ns 

IwLWH 4 WR pulse width 400 275 61cLcL-l00 ns 

tRLDV 3 AU low to valid data in 252 148 5teLcL-165 ns 

tRHOX 3 Data hold after AU 0 0 0 ns 

IRHOZ 3 Data float after AU 97 55 2tcLCL-70 ns 

hov 3 ALE low to valid data in 517 350 8tcLCL-I50 ns 

tAVOV 3 Address to valid data in 585 398 91cLCL-165 ns 

It.LWL 3,4 ALE low to AU or WR low 200 300 138 238 3teLCL-50 3IcLCL+50 ns 

~VWL 3,4 Address valid to WR low or AU low 203 120 4teLcL-130 ns 

lavwx 4 Data valid to WR transition 23 3 lcLcL-OO ns 

law 4 Data before WR 433 288 71cLcL-150 ns 

tWHQX 4 Data hold after WR 33 13 teLCL-50 ns 

tRLAZ 3 AU low to address float 0 0 0 ns 

IwHLH 3,4 AU or WR high to ALE high 43 123 23 103 teLCL-40 teLCL+40 ns 

External Clock 

tcHcx 5 High time" 20 20 20 ns 

teLCX 5 Lowtime4 20 20 20 ns 

teLCH 5 Risetime4 20 20 20 ns 

teHCL 5 Fa/I time" 20 20 20 ns 

Serial Timing - Shift Register Mode3 (Test Conditions: Tamb = O°C to +70°C; Vss = OV; Load Capaciatnce = 8OpF) 

tXLXL 6 Serial port clock cycle time 1.0 0.75 

IaVXH 6 Output data setup to clock rising edge 700 492 

tXHQX 6 Output data hold after clock riSing edge 50 8 

tXHDX 6 Input data hold after clock rising edge 0 0 

tXHOV 6 Clock rising edge to input data valid 700 492 

NOTES: 
1.Parameters are valid over operating temperature range unless otherwise specified. 
2.Load capacitance for port 0, ALE, and PSEIiI = l00pF, load capacitance for all other outputs = 8OpF. 
3.These values are characterized but not 100% production tested. 
4.teLCL = 1/fosc = one oscillator clock period. 

teLCL = 83.3os at fosc = 12MHz. 
teLCL = 62.5ns at fosc = 16MHz. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER INPUT OUTPUT 

12C Interface (Refer to Figure 9)5 

lHo;STA START condition hold time '" 14 !cLCL >4.01'5 1 

iLow SCLlowtime '" 16 !cLCL > 4.71'5 1 

IHIGH SCL high time '" 14 !cLCL >4.01'5 1 

tRC SCL rise time SIllS _2 

!Fc SCLfalitime S 0.31lS < 0.31'5 3 

tsu; DATI Data set-up time '" 250ns > 20 !cLCL - tRD 

tsu; DAT2 SDA set-up time (before rep. START cond.) '" 250ns > IllS 1 

tsu; DAT3 SDA set-up time (before STOP cond.) '" 250ns > 8 !cLCL 

IHD; OAT Data hold time ",Ons > 8 !cLCL - tFC 

tsu; STA Repeated START set-up time '" 14 !cLCL > 4.7I'S 1 

tsu;STO STOP condition set-up time '" 14 !cLCL >4.0I'S 1 

tSUF Bus free time '" 14 !cLCL > 4.71lS 1 

tRD SDA rise time S II'S - 2 

!FD SDA fall time SO.3I's < 0.31lS 3 

NOTES: 
I.At tOO kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2.Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < II'S. 
3. Spikes on the SDA and SCL lines with a duration of less than 3 !cLCL will be filtered out. Maximum capacitance on bus-lines SDA and 

SCL ~ 400pF. 
4.tCLCL = lIfos~ = one oscillator clock period at pin XTAL 1. For 62ns (42s) < !cLCL < 285ns (16MHz (24Hz) > fosc > 3.5MHz) the SIOI interface 

meets the I C-bus specification for bit-rates up to 100 kbitls. 
5.These values ae guaranteed but not 100% production tested. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 'r (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PmON 

ALE 

PORTO 

PORT 2 

ALE 

Q - Output data 
R - "RD" signal 
I - lime 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Floal 
Examples: IAVLL = lime for address valid 10 

ALE low. 
It.LPL = lime for ALE low to 

PSENlow. 

Figure 2. External Program Memory Read Cycle 

tWHLH ~ 

n_-tLLDV -I 
- ...... ~---tRLRH ----+I 

OO------------~r_--------~ 

PORTO DATA IN 

i'<------tAVDV -----~ 

PORT 2 P2.6-P2.7 OR A8-A15 FROM DPH 

Figure 3_ External Data Memory Read Cycle 
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ALE 

tWHLH-

--l-l-t---tWLWH ---~ 

WR -------r------...j 

tovwx 
1+--++---tDW ------t 

PORTD DATA OUT AlJ...A7FROMPCL INSTRIN 

PORT 2 P2.0-P2.7 OR All-A15 FROM DPH A8-A15 FROM PCH 

Figure 4. External Data Memory Write Cycle 

/+-----tcLCL -----l.~1 

Figure 5. External Clock Drive XTAl1 

INSTRucnON o 4 

ALE 

~tXLXL -1 
CLOCK 

OUTPUT DATA -----.----n r---.. ,---, r---..,---"\ r---.. r---, r---"7 
1 , ' 

WRITE TO SBUF 

INPUT DATA 

~' 
CLEAR AI , 

SETAl 

Figure 6. Shift Register Mode Timing 
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2.4V~2.0V~ . .-->"2.0VX= 
Test POints 

O.8V"'- --.. O.BV 
O.4SV 

NOTE: 
AC inputs during tasting are driven at 2.4V for a logic '1' and 0.45V for a logic '0'. 
TIming measurements are made at 2.0V for a logic '1' and C.BV for a logic '0'. 

Figure 7. AC Testing Input/Output 

SOA 
(INPUT/OUTPUT) 

SCl 
(INPUT/OUTPUT) __ +-_---iHL __ Ji 

'HO:STA tLOW 'HIGH tSU;DATl tHO:OAT 
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2.4V---""'-I 
~2.0V 

O.45V ____ ....... ,I'o .• v 

NOTE: 

Aoal ----.1"1 

2.0~ 

O'8V, ..... __ _ 

The float state is defined as the point aI which a port 0 pin sinks 3.2mA or 
sources 400pA at the voltage testievels. 

Figure 8. AC Testing Input, Float Waveform 

tSU:OAT2 

2.4V 

O.45V 

Figure 9. liming SI01 WC) Interface 

50 

40 

30 

IOomA 

20 

10 
/ 
...-::: 

o 
o 

NOTE: 

V 
V 
,...,.-V 

- I-:::: 

4 

V 
V 

,/"" 
V 

~ 

8 

f(MHz) 

These values aTe valid only within the frequency specifications of the device under test. 

V 
V 

./ 

V 

~ --
12 

v 

/' 

-
16 

(1) 

(2) 

(3) 

(4) 

(1) Maximum operating mode; VOO = 6V 

(2) Maximum operating mode; VOO = tV 

(3) Mllximum idle mode; VOO = 6V 
(4) Maximum idle mode; Von = 4V 

Figure 10. 16MHz Version Supply Current (100) as a Function of Frequency at XTAl1 (fosc) 
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Voo 

P1.6 

P'.7 Voo 

RST 
PO 

a; 

"EW 

XTALl 
AVss 

Vss AVref_ 

Figure 11. 100 Test Condition, Active Mode 
All other pins are disconnected' 

Voo-'l·5 

O.5V 
O.7VOD 

O.2Voo-'l·' 

Voo 

Figure 13. Clock Signal Wavelorm lor IDD Tests in Active 
and Idle Modes 

IcLCH = IcHCL = 5ns 

NOTES: 
I.Active Mode: 

e. The following pins must be forced to VDD: EA, RST, Port 0, and EW. 
f. The following pins must be forced to Vss: STADe, AVss , and AV,ef_. 

VDD 

P1.6 
Pl.7 VDD 
RST 

STADe 
PO 

(NC) XTAL2 
a; 

CLOCK SIGNAL XTAL1 

Vss 

Figure 12. 100 Test Condition, Idle Mode 
All other pins are disconnected2 

P1.6 

P1.7 VDO 
RST 

STADe 
PO 

XTAL2 

XTAl1 
a; 

Vss 

Figure 14. IDD Test Condition, Power Down Mode 
All other pins are disconnected. VOD = 2V to S.SY3 

VDD 

VDD 

g. Ports 1.6 and 1.7 should be connected to VDD through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the lOll spec of these pins. 

h. The iollowing pins must be disconnected: XTAL2 and all pins not specified above. 
2.ldle Mode: 

a. The following pins must be forced to Voo: Port 0 and EW. 
b. The following pins must be forced to Vss: RST, STADe, AVss" AV,ef_, and EA. 
c. Ports 1.6 and 1.7 should be connected to VDD through resistors of sufficiently high value such that the sink current into these pins cannot 

exceed the IOl' spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 
d. The following pins must be disconnected: XTAL2 and all pins not specified above. 

3.Pawer Down Mode: 
a. The following pins must be forced to VDO: Port 0 and EW. 
b. The following pins must be forced to Vss: RST, STADe, XTAL1, AVss" AV,ef_, and EA. 
c. Ports 1.6 and 1.7 should be connected to VDD through resistors of sufficiently high value such that the sink current into these pins cannot 

exceed the IOl' spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 
d. The following pins must be disconnected: XTAL2 and all pins not specified above. 
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EPROM CHARACTERISTICS 
The 87C552 is programmed by using a 
modified Quick-Pulse Programming'· 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEiPt100 pulses. 

The 87C552 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C552 manufactured by Signetics. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 32 and 16. Figure 17 shows 
the circuit configuration for nonmal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 32. Note that 
the 87C552 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 32. The code byte to be 
programmed into that location is applied to 
port o. RST, PSEJiI, and pins of ports 2 and 3 
specified in Table 3 are held at the "Program 
Code Data" levels indicated in Table 3. The 
ALEiPt100 is pulsed low 25 times as shown 
in Figure 16. 

To program the encryption table, repeat the 
25-pulse programming sequence for 

addresses 0 through 1 FH, using the "Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25-pulse 
programming sequence using the "Pgm Lock 
Bit" levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ~pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause penmanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 17. The other pins are held at the 
"Verify Code Data" levels indicated in Table 3. 
The contents of the address location will be 
emitted on port o. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 3. EPROM Programming Modes 

MODE RST l'SER 

Read signagure 1 0 

Program code data 1 0 

Verify code data 1 0 

Pgm encryption table 1 0 

Pgm lock bit 1 1 0 

Pgm lock bit 2 1 0 

NOTES. 
1.0 ~ Valid low for that pin; 1 ~ valid high for that pin. 
2.Vpp ~ 12.75V iO.25V. 
3.Voo ~ 5V ±10% during programming and verification. 

ALEfPROG ~pp P2.7 

1 1 0 

O· Vpp 1 

1 1 0 

O' Vpp 1 

O' Vpp 1 

O· Vpp 1 
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Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips Components 

(031 H) = 94H indicates 87C552 

ProgramNerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/crn2. Exposing the EPROM to an 
ultraviolet lamp of 12,0001-'W/Cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an allls state. 

P2.6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

• ALEiPt100 receives 25 programming pulses whill Vpp is held at 12.75V. Each programming pulse is low for lOOI-'S (±101-lS) and high for a 
minimum of 10f1s. 

'"Trademark phrase of Intel Corporation. 

January 7, 1993 814 



Philips Semiconductors Microcontroller Products Product specification 

Single-chip 8-bit microcontroller 87C552 

ALEIPRllG: 

ALEIPRllG: 

January 7.1993 

VDD 

fll>.A7 PI PO 

RST ElWpp 

P3.6 ALEIPROO 

Pa7 87C552 PSaI 

XTAL2 P2.7 

P2.6 

XTALl P2.~ 

Vss 

Figure 15. Programming Configuration 

PGMDATA 

+12.75V 

25 lOll"" PULSES TO GROUND 

o 

A8-A12 

~1·~-----------------------25PULSES --------------------------~ 

10"" MIN -1 1oo1.~-------- 10_10'--------~·1 
o~I ______________ ~rl~ ____________ ~rl~ __ _ 

Figure 16. "PROO Waveform 

VDD 

fll>.A7 PI PO 

RST ElWpp 

P3.6 ALEIPROO 

Pa7 87C552 P!IER 

XTAL2 P2.7 

P2.6 

XTALl P2.Q.P2.. 

vss 

Figure 17. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb - 21°C to +27"C VDD = 5V+l0% VSS = OV (See Figure 35) - -

SYMBOL 

Vpp 

Ipp 

I/lcLcL 

I.AVGL 

'<JHAX 

tDVGL 

'<JHDX 

tEHsH 

tSHGL 

'<JHSL 

'<JLGH 

tAVQV 

tELQZ 

tEHQZ 

'<JHGL 

P1.0-P1.7 
P2.0·P2.4 

PORTo 

ALEII'ROG 

EJINpp 

1'2.7 
ENJffi[E 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to l'ROO low 

Address hold after PROO 

Data setup to PROO low 

Data hold after PROO 

P2.7 (EliIABI:E) high to Vpp 

Vpp setup to PROO low 

Vpp hold after PROO 

PROOwidth 

Address to data valid 

EliIABI:E low to data valid 

Data float after EliIABI:E 

PROO high to PROO low 

PROGRAMP.lNG"* 

ADDRESS 

LOGIC , 

'FOR PROGRAMMING VERIFICATION SEE FIGURE 32. 
FOR VERIFICATION CONDITIONS SEE FIGURE '7. 

MIN 

12.5 

4 

48lcLCL 

48lcLCL 

48lcLCL 

48tcLCL 

48tcLCL 

10 

10 

90 

0 

10 

Figure 18. EPROM Programming and Verification 

MAX 

13.0 

50 

6 

110 

48lcLCL 

48tcLCL 

48lcLCL 

ADDRESS 

DATA OUT 

LOGIC' 

tEHQZ 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 

Product specification 

87C552 

UNIT 

V 

rnA 

MHz 

I's 

I's 

1'5 

I's 

provided the system conforms to the 12C specifications defined by Philips. 
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~ ~ 
GENERAL DESCRIPTION 
The 80CE558/83CE558/89CE558 (hereafter 
generically referred to as 8XCE558) 
Single-Chip 8-Bit Microcontroller is 
manufactured in an advanced CMOS process 
and is a derivative of the 80C51 
microcontroller family. The 8XCE558 has the 
same instruction set as the 80C51. Three 
versions of the derivative exist: 

• 83CE558 - 32k bytes mask 
programmable ROM 

• 80CE558 - ROMless version of the 
83CE558 

• 89CE558 - 32k bytes FEE PROM 

The 8XC E558 contains a non-volatile 32k x 8 
read-only program memory (83CES58) or 

FEEPROM (89CE558), a volatile 1024 X 8 
read/write data memory, five 8-bitll0 ports, 
one 8-bit input port, two 16-bittimer/event 
counters (identical to the timers of the 
80C51), an additional 16-bit timer coupled to 
capture and compare latches, a IS-source, 
two-priority- level, nested interrupt structure, 
an 8-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 

ORDERING INFORMATION 

(UART and 12C-bus), a "watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XCE558 can be expanded using standard 
TTL compatible memories and logic. 

In addition, the 8XCE558 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16 MHz system clock, 58% 

of the instructions are executed in O.751J.S 

and 40% in 1.5J.l.s. Multiply and divide 

instructions require 31ls. 

FEATURES 
• 80C51 central processing unit 

• 32k X 8 ROM resp. FEEPROM 
expandable externally to 64k bytes 

• ROMIFEEPROM Code protection 

• 1024 X S RAM, expandable externally to 
64k bytes 

• Seconds Timer 

• Two standard 16-bit timer/counters 

ROMless ROM EPROM 
TEMPERATURE RANGE °C 

AND PACKAGE 

• An additional 16-bit timer/counter coupled 
to four capture registers and three 
compare registers 

• A la-bit ADC with eight multiplexed 
analog inputs and programmable 
autoscan 

• Two 8-bit resolution, pulse width 
modulation outputs 

• Five 8-bit I/O ports plus one S-bit input 
port shared with analog inputs 

• 12C-bus serial 110 port with byte oriented 
master and slave functions 

• Full-duplex UART compatible with the 
standard SOC51 

• On-chip watchdog timer 

• 15 interrupt sources with 2 priority levels 
(2 to 6 external sources possible) 

• Extended temperature range (-40 to 

+85°C) 

• 4.5 to 5.5V supply voltage range 

• Frequency range for 80C51 standard 
oscillator: 3.5 MHz to 16 MHz 

• PLL oscillator with 32 kHz reference and 
software-selectable system clock 
frequency' 

• Software enable/disable of ALE output 
pulse 

• Electromagnetic compatibility 
improvements 

• Wake-up from Power-down by external or 
seconds interrupt 

Note' Not available yet in the 89CE558 

FREQUENCY DRAWING 
MHz NUMBER 

80CE558EBB 83CE558EBB 89CE558EBB a to +70, 80-Pin Plastic Quad Flat Pack 3.5 to 16 SOT318 

80CE558EFB 83CE558EFB 89CE558EFB -40 to +85, SO-Pin Plastic Quad Flat Pack 3.5 to 16 SOT318 
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BLOCK DIAGRAM 

TO,n 
TWOI6-81T 

TIMERIEVENT 
COUNTERS 

PO p, P2 

cPU 

P3 TxD RxD PS P4 CTllI'(;T3I 

DATA 
MEMORY 

2S&x8RAM 

12 
16-81T 
TIMER! 
EVENT 

COUNT-
ERS 

12 R12 

,. 

DUAL 
PWM 

12 
,6-8IT 

COMPARA-
TORS 
WITH 

REGISTERS 

m ALTERNATE FUNCTION OF PORTO [!] ALTERNATEFUNCTIONOFPORT3 m no,_inBOCE558 

CD ALTERNATE FUNCTION OF PORT 1 m ALTERNATE FUNCTION OF PORT 4 m only present in 89CE558 

[II ALTERNATE FUNCTION OF PORT 2 [I] ALTERNATE FUNCTION OF PORT 5 
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FUNCTIONAL DIAGRAM 

v., 
Voo 

XTALl 
XTAL2 

EX 
AlEIWE" 

l'SER 

SCL 
SDA 

1°-1_ 
ADCO-7 2 ----. 

L. PORTS : =: 5_ 
6-7-
10

-CMSRO-S ,-2_ 
L PORT4 !!=: 5_ 

CMTO"- 6~ 

CMT1- 7_ 
RSTIN 

RSTOUT EW _ 

Product specification 

80CE558/83CE558/89CE558 

XTA13 
XTAI.4 
SElJ(TALl 

:=:~1 :=:~r _ 2 _2 LOW ORDER 

- 3 PORT ° - 3 ADDRESS AND 
........ 4 4----JJo 4 DATA BUS 
_5 _5 AOO-7 _6 _6 _7 _I 

:=: ~t := ~~~~: ......... 2 4- CT2II1NT4 
_ 3 -c-- CT3I~NT5 

_ 4 PORT 1 -c-- T2 
_ 5 -c-- RT2 _6 _7 
:=:~} =:~ - 2 - HIGH ORDER 
- 3 PORT 2 =: ADDRESS AND 
_ 4 DATA BUS 
_ 5 - A8--15 -6 -_7 -
:=: ~} = :::::K 
- 2 - fR11j 
- 3 PORT3 - fliITT 
... -. 4 ............. TO -5 _11 
_ 6 _WIf 
_ 7 _1m 

") only 89CE558 with alternate function 
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PINNING DIAGRAM 

Pin Function Pin Function 

AVref- 42 P3.1 fTXD/CLOCK 
2 AVref+ 43 P3.2IINTO 
3 AVSS1 44 P3.3/1NTl 
4 AVOO1 45 P3.4fTO 
5 P5.7/ADC7 46 P3.5fT1 
6 P5.6/ADC6 47 P3.6iWR 
7 P5.5/ADC5 48 P3.7/RU 
8 P5.4/ADC4 49 NC 
9 P5.3/ADC3 50 NC 

10 P52/ADC2 51 XTAl2 
11 P5.1/ADC1 52 XTAL1 
12 P5.0/ADCO 53 VOD3 
13 VSS1 54 VSS3 
14 VDD1 55 P2.0/A8 
15 ADEXS 56 P2.lIA9 
16 PWm 57 P2.21Al0 
17 I'Wl\IT 58 P2.3/A11 
18 "EW 59 P2.4/A12 
19 P4.0/CMSRO 60 P2.5/A13 
20 P4.1/CMSR1 61 P2.6/A14 
21 P4.21CMSR2 62 P2.7/A15 
22 P4.3/CMSR3 63 !'SEN 
23 RSTOUT 64 ALEiWE' 
24 P4.4/CMSR4 65 g; 
25 P4.5/CMSR5 66 VOD4 
26 P4.6/CMTO 67 VSS4 
27 P4.7/CMTl 68 PO.7/AD7 
28 VOD2 69 PO.6/AD6 
29 Vss2 70 PO.5/AD5 
30 RSTIN 71 PO.4/AD4 
31 Pl.0/CTOIIINT2 72 PO.3/AD3 
32 Pl.1/CT11/1NT3 73 PO.2/AD2 
33 Pl.2/CT21/1NT4 74 PO.l/ADl 
34 Pl.3/CT31/1NT5 75 PO.O/ADO 
35 Pl.4fT2 76 AVOO2 
36 Pl.5/RT2 77 AVSS2 
37 Pl.6 78 XTAL3 
38 Pl.7 79 XTAL4 
39 SCL 80 SELXTALl 
40 SDA 
41 P3.0/RXD/DATA 

(8Ol I6sl 
• only 89CE558 with alternative function 

/ 0 

~ ~ 
QUAD 
FLAT 
PACK 

§ ~ 
~ ~ 
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PIN DESCRIPTION 
SYMBOL PIN DESCRIPTION 

AVrer 1 Low end of analog to digital conversion reference resistor 
AVret+ 2 High end of analog to digital conversion reference resistor. 

AVSS1 3 Analog ground for ADC 
AVOO1 4 Analog power supply (+5V) for ADC 

AVSS2 77 Analog ground; for PLL oscillator 

AVOO2 76 Analog power supply; (+ 5V) for PLLosciliator 

PortS 
P5.7- 5- 8-bit input port 
P5.0 12 Port pin Alternative function 

P5.O--P5.7 Eight input channels to ADC (ADCD-ADC7) 

VODl-4 Digital power supply: +5V power supply pins during normal operation and power reduction modes. 
All pins must be connected. 

VSSl-4 Digital ground: circuit ground potential. All pins must be connected. 

VDOl 14 Digital power supply 
VSS1 13 

VOO2 28 Digital power supply 

Vss2 29 

VD03 53 Digital power supply 
VSS3 54 

VOD4 66 Digital power supply 
VSS4 67 

ADEXS 15 Start ADC operation: Input starting analog to digital conversion triggered by a programmble edge 
(ADC operation can also be started by software). This pin must not float 

PWIi.m 16 Pulse width modulation output 0 

"F'WMT 17 Pulse width modulation output 1 

EW 18 Enable watchdog timer: Enable for T3 watchdog timer and disable Power--<lown mode.This pin 
must not float. 

Port 4 
P4.0- P4.7 19-22 8--bit quasi-bidirectional 1/0 port 

24-27 Port pin Alternative function 

P4.0 CMSRO} 
P4.1 CMSR1} 
P4.2 CMSR2 } Timer T2: compare and setlreset 
P4.3 CMSR3} outputs on a match with timer T2 
P4.4 CMSR4} 
P4.5 CMSR5} 
P4.6 CMTO } TimerT2: compare and toggle outputs 
P4.7 GMTI } on a match with timer T2 

RSTIN 30 Reset: Input to reset the 8xCE558. 

RSTOUT 23 Reset: Output of the 8xCE558 for resetting peripheral devices during initialization and Watchdog Timer 
overflow. 

P1.0 - P1.7 31-38 Port 1 
8--bit quasi-bidirectional 1/0 port 

Port pin Alternative function 
P1.0 CTOI/INT2} 
Pl.l CTlI/INT3} : Capture timer inputs for 
P1.2 CT21/1NT4} timer T2 or external interrupt inputs 
P1.3 CT31/1NT5} 
P1.4 T2 :T2 event input, rising edge triggered 
P1.5 RT2 :T2 timer reset input, rising edge triggered 
P1.6 
P1.7 

SCl 39 (2C-bus serial clock 1/0 port 
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PIN DESCRIPTION (Continued) 

SYMBOL PIN DESCRIPTION 

SDA 40 l2C-bus serial data I/O port 
II SCL and SDA are not connected to I'C-buslines, their input levels should be defined otherwise (e.g. 
by a pun-up resistor to Vdd) in order to prevent these port input stages lrom floating, which could affect 
the total power consumption. Especially during Power-down Mode extra power consumption by float-
ing inputs is an adverse effect. 

P3.0-P3.7 41-48 8-bit quasi-bidirectionall/O port 
Port pin Altemative function 
P3.0 RXD Serial input port 
P3.1 TXD : Serial output port 
P3.2 ll'ITO : External interrupt 
P3.3 I!iITI : Extemal interrupt 
P3.4 TO : Timer 0 external input 
P3.5 T1 Timer 1 external input 
P3.6 WR Extemal data memory write strobe 
P3.7 AU Extemal data memory read strobe 

XTAL2 51 Crystal pin 2: output 01 the inverting amplifier that forms the oscillator. Left open-circuitwhen an exter-
nal oscillator clock is used. 

XTALI 52 Crystal pin 1: input to the inverting amplifier that forms the oscillator, and input to the intemal clock 
generator. Receives the external oscillator clock signal when an extemal oscinator is used. Must be 
connected to logic HIGH if the PLL oscillator is selected (SELXTAL 1 = LOW) 

P2.0-P2.7 55-62 Port2: 8-bit quasi--bidirectionalllO port with intemal pull-ups. During access to external memories 
(RAM/ROM) that use 16-bit addresses (MOVX@lDPTR) Port 2 emits the high order address byte. 
The alternative function of P2.7 for the 89CE558 is the output enable signal lorverify/read modes (ae-
tivelow). 
Port 2 can sinklsource one TTL (=4 LSTTL) input. It can drive CMOS inputs without extemal pun-ups. 

PSEN 63 Program Store Enable output: read strobe to the external program memory via Port 0 and 2. Is acti-
vated twice each machine cycle during fetches from external program memory. When executing out 
of external program memory two activations ofPSEN are skipped during each access to extemal data 
memory. PSEN is not activated (remains HIGH) during no fetches from extemal program memory. 
PSEN can sinklsource 8 LSTTL inputs. It can drive CMOS inputs without external pun-ups. 

ALEIWE 64 Address Latch Enable output: latches the low byte of the address during access of extemal memory 
in normal operation. It is activated every six oscinator periods except during an external data memory 
access. ALEIWE can sinkl-5ource 8 LSTTL inputs. 
It can drive CMOS inputs without an extemal pull-up. 
The altemative function for the 89CE558 is the programming pulse input WE. 

To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) 
must be set by software. This bit is cleared on RESET and can be set and cleared by software. When 
set, ALE pin will be pulled down internany, switching an extemal address latch to a quiet state. The 
MOVX instruction will stin toggle ALE as a normal MOVX. 
ALE will retain its normal high value during Idle mode and a low value during Power-down mode while 
in the "RFI" mode. Additionany during intemal access (E1\ = 1) ALE will toggle normany when the ad-
dress exceeds the intemal program memory size. During external access ~ = 0) ALE will always 
toggle normally, whether the flag "RFI" is set or not. 

8\: 65 External Access Input: When, during RESET,8\: is held at a TTL HIGH level the CPU executes out 
of the intemal program memory, provided the program counter is less than 32768. When 8\: is held 
at a TTL low level during RESET, the CPU executes out of extemal program memory via Port 0 and 
Port 2. 8\: is not anowed to float. 8\: is latched during RESET and don't care after RESET. 

PO.7-PO.0 68-75 Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed low-order address and data 
bus during accesses to extemal memory (during theses accesses internal pull-ups are activated). Port 
o can sinklsource 8 LSTTL inputs. 

XTAL3 78 Crystal pin, output of the inverting amplifier that forms the 32 KHz oscillator 

XTAl4 79 Crystal pin, input to the inverting amplifier that forms the 32 KHz oscillator, must be connected to logic 
lOW if the Pll oscinator is not selected (SELXTAll = HIGH). 

SELXTAll BO Must be connected to logic HIGH level to select the HF oscillator, using the XTAL l/XTAL2 crys-
tal.1f pulled low the PLUs selected for clocking of the controller, using the XTAL3/ XTAl4 crys-
tal. 

To avoid a 'Iatch-up' effect at Power-on, the voltage on any pin at any time must not be higher or lower than Voo+ 0.5V or Vss- 0.5V 
respectively. 
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ELECTROMAGNETIC 
COMPATIBILITY (EMC) 
IMPROVEMENTS 
Primary attention was paid on the reduction 
of electromagnetic emission of the 
microcontroller BxCE558. 

The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 

• Four supply voltage pins (Voo) and four 
ground pins (Vss) with a pair of Voo and 
Vss at two adjacent pins in the center at 
one side of the package and at two 
adjacent pins at the opposite side of the 
package and one more V ss pin at each of 
the other two sides of the package 

• Separated V 00 pins for the internal logic 
and the port buffers 

• Internal decoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 

• External capacitors are to be located as 
close as possible between pins V001 and 
Vss1, VOD2 and VSS2, VOD3 and VSS3 as 
well as VOD4 and VSS4 ; ceramic chip 
capacitors are recommended (1 OOnF). 

Useful in applications that require no external 
memory or temporarily no external memory: 

64k 

E_ 

32768 

A 
r 32767 \ 

32767 

lmemol Ex1ernal 
~=1) (Ell:: 0) 

0 0 

.... 
-V-

Program Memory 

/ 

• The ALE output signal (pulses at a 
frequency of fcu(6) can be disabled 
under software control (bit 5 in the SFR 
PCON: "RFI"); if disabled, no ALE pulse 
will occur. ALE pin will be pulled down 
internally, switching an external address 
latch to a quiet state. The MOVX 
instruction will still toggle ALE (external 
data memory is accessed). ALE will retain 
its normal HIGH value during Idle mode 
and a LOW value during Power.oown 
mode while in the "RFI" reduction mode. 
Additionally during internal access 
(U = 1) ALE will toggle normally when 
the address exceeds the internal program 
memory size. During external access 
(EA = 0) ALE will always toggle normally, 
whether the flag "RFI" is set or nol. 

1.0 FUNCTIONAL DESCRIPTION 

General 
The 8xCE55B is a stand-alone 
high-performance microcontroller designed 
for use in real time applications such as 
instrumentation, industrial control, medium to 
high-end consumer applications and specific 
automotive control applications. 

In addition to the BOC51 standard functions, 
the device provides a number of dedicated 
hardware functions for these applications. 

Overlapped 
Space 

255 

I Special 
INDIRECT Function 

ONLY Registers 
127 ~------

DlRECTAND 
INDIRECT 

0 

'-
~ 

Internal 
Oat. Memory 

I 

Figure 1. Memory map & address space 
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The 8xCE558 is a control-oriented CPU with 
on-chip program and data memory. It can be 
extended with external program memory up 
to 64 K bytes. It can also access up to 64 K 
bytes of external data memory. For systems 
requiring extra capability, the 8xCE558 can 
be expanded using standard memories and 
peripherals. 

The 8xCE55B has two software selectable 
modes of reduced activity for further power 
reduction- - Idle and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial ports and interrupt 
system to continue functioning. The 
Power-down mode saves the RAM contents 
but freezes the oscillator causing all other 
chip functions to be inoperative.The 
Power-down mode can be terminated by an 
external Reset and by anyone of the two 
external intenrupts. (see description Wake-up 
from Power-<lown mode). 

1_1 Memory organization 
The central processing unit (CPU) 
manipulates operands in three memory 
spaces; these are the 64 K-byte external data 
memory, 1024 byte internal data memory 
(consisting of 256 bytes standard RAM and 
768 bytes AUX-RAM) and the 64 K-byte 
internal and external program memory (see 
Figure 1). 

64k 

768 
ARD=1 

ARD=O 

AUXIUARY 
RAM 

- - - Q -

/ ~ 
Extemal 

Da .. Memory 
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1.1.1 Program Memory 
The program memOl}' of the 8xCE558 
consists of 32 Kbyte ROM resp. FEEPROM 
("Flash Memoryj on-cilip, externally 
expandable up to 64 Kbyte. If the EJ\" pin is 
held HIGH, the 8xCE558 executes out of the 
internal program memory unless the address 
exceeds 7FFFH. Locations 8000H through 
OFFFFH are then fetched from the external 
program memory. If the EJ\" pin was set LOW 
during RESET the 8xCE558 fetches all 
instructions from the external program 
memory. The EJ\" input is latched during 
RESET and is don't care after RESET. 

By setting a mask programmable security bit 
(ROM) resp. bY software programmable 
security byte (FEE PROM) the internal 
program memory content is protected i.e. it 
cannot be read out at any time by any test 
mode or by any instruction in the external 
program memory space. The MOVC 
instructions are the only which have access 
to program code in the internal or external 
program memory. The EJ\" input is latched 
during RESET and is 'don't care' after 
RESET. This implementation prevents from 
reading internal program code by switching 
from external program memory to internal 
program memory during MOVC instruction or 
an instruction that handles immediate data. 

Table 1. 

MOVe in internal program memory 

MOve in external program memory 

Table 1 lists the access to tihe internal and 
external program memory with MOVC 
instructions when the security feature has 
been activated. 

1.1.2 Internal Data Memory 
The internal data memory is divided into 
three physically separated parts: 

256 byte of RAM, 768 byte of AUX-RAM, and 
a 128-byte special function area. These can 
be addressed each in a different way (see 
also Table 2). 

- RAM 0 to 127 can be addressed directly 
and indirectly as in the BOC51. Address 
pointers are RO and R1 of the selected 
registerbank. 

RAM 1 28 to 255 can only be addressed 
indirectly. Address pointers are RO and 
R1 of tihe selected registerbank. 

AUX-RAM 0 to 767 is indirectly 
addressable as external DATA MEMORY 
locations 0 to 767 via MOVX-Datapointer 
instruction, unless it is disabled by 
selling ARD = 1. 

AUX-RAM 0 to 767 is indirectly 
addressable via pageregister (XRAMP) 
and MOVX-Ri instructions, unless it is 
disabled by selling ARD = 1 (see Figure 
2). When executing from internal 

Access to Internal Program Memory 

YES 

NO 

If the security feature has not been activated, there are no restrictions for MOVC instructions. 

255 
167 

/. <XRAIF> = 02 H 

512 
511 

MOVX@Ri,A }~ MOVXA,@Ri cXRA ...... =01 H 

\:. 256 
255 

cXRAIF::..=00 H 

L-__________________ ~~. __ 

program memory, an access to 
AUX-RAM 0 to 767 will not affect the 
ports PO, P2, P3.6 and P3.7. An access 
to external DATA MEMORY locations 
higher than 767 will be performed with 
the MOVX @ DPTR instructions in the 
same way as in the 80C51 structure, so 
with PO and P2 as data/address bus and 
P3.6 and P3.7 as write and read timing 
signals. Note that the external DATA 
MEMORY cannot be accessed with RO 
and R 1 as address pointer if the 
AUX-RAM is enabled (ARD = 0, default). 

• The Special Function Registers (SFR) 
can only be addressed directly in the 
address range from 128 to 255 (see 
table 4). 

- Four 8-register banks occupy locations 0 
through 31 in the lower RAM area. Only 
one of these banks may be enabled at a 
time. The next 16 bYtes, locations 32 
through 47, contain 128 directly 
addressable bit locations. The stack can 
be located anywhere in the internal 256 
byte RAM.The stack depth is only limited 
by the available internal RAM space of 
256 bytes (see Figure 3). All registers 
except the program counter and the four 
8-register banks reside in the Special 
Function Register address space. 

Access to External Program Memory 

YES 

YES 

MOVX @DPTR,A 

MaVX A,@DPTR 

Figure 2. Indirect addressing of AUX-RAM (768 Byles), ARD bit in PCON = LOW 
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Table 2. 
LOCATION ADDRESSED 

RAM o to127 Direct and Indirect 

AUX-RAM 010767 Indirect Only with MOVX 

RAM 12810255 Indirect Only 

SFR 12810255 Direct Only 

AUX-RAM Page Register XRAMP 
The AUX-RAM Page Register is used to select one of three 256-byte pages of the internal 768-byte AUX-RAM for MOVX-accesses via RO or 
R1. Its reset value is (XXXXXXOO). 

XRAMP (OFAH) 

x: undefined during read, a write operation must write ·0· to these location 

BIT SYMBOL FUNCTION 

XRAMP.7 - ( reserved for future use 1 ) 
XRAMP.6 - ( reserved for future use 1 ) 
XRAMP.5 - ( reserved for future use 1 ) 
XRAMP.4 - ( reserved for future use 1 ) 
XRAMP.3 - ( reserved for future use 1 ) 
XRAMP.2 - ( reserved for future use 1 ) 
XRAMP.1 XRAMP1 AUX-RAM page select bit 1 AUX-RAM page select bit 0 
XRAMP.O XRAMPO 

NOTES: 
4. User software should not write 1 s to reserved bits. These bits may be used in future 80C51 family products 10 invoke new features. In that 

case, the reset or inactive value of the new bit will be LOW, and its active value will be HIGH. The value read from a reserved bit is 
indeterminate. 

Table 3 shows the memory locations for all possible MOVX-accesses: 

Table 3. 

ARDl XRAMP1 XRAMPO MOVX @RI,A and MOVX A.@Ri Instructions access: 

0 0 0 AUX-RAM locations 0 .. 255 (reset cond.) 

0 0 1 AUX-RAM locations 256 .. 511 

0 1 0 AUX-RAM locations 512 .. 767 

0 1 1 ••• no valid memory access ••• 

1 X X External RAM locations 0 .. 255 

ARD1 XRAMP1 XRAMPO MOVX @DPTR,A and MOVX A.@DPTR Instructions access: 

0 X X AUX-RAM locations o .. 767 (reset cond.) 
External RAM locations 768 .. 65535 

1 X X External RAM locations 0 .. 65535 

NOTES: 
1. ARD (AUX-RAM Disable) is a bit in Special Function Register PCON 
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Table 4. Special Function Register Memory Map and Reset Values 
HIGH NIBBLE OF SFR ADDRESS 

LOW 8 9 A B C D E F 

0 PO% P1% P2% P3% P4% PSW% ACC% B% 
11111111 11111111 11111111 11111111 11111111 00000000 00000000 00000000 

1 SPOOO00111 

2 DPL 
00000000 

3 DPH 
00000000 

4 

5 

6 ADRSLO# ADRSL1 # ADRSL2# ADRSL3# ADRSL4# ADRSL5# ADRSL6# ADRSL7# 
XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 

7 PCON P5 # ADCON ADPSS ADRSH# 
00000000 XXXXXXXX 00000000 00000000 OOOOOOXX 

8 TCON% SOCON% IENO% IPO% TM2IR% S1CON% IENl % IPl % 
00000000 00000000 00000000 XOoooooo 00000000 00000000 00000000 00000000 

9 TMOD SOBUF CMLO CMHO S1STA# PLLCON 
00000000 XXXXXXXX 00000000 00000000 11111000 00001101 

A TLO CML1 CMHl SlDAT TM2CON XRAMP 
00000000 00000000 00000000 00000000 00000000 XXXXXXOO 

B TLl CML2 CMH2 SlADR CTCON FMCON· 
00000000 00000000 00000000 00000000 00000000 ooOXoooo 

C THO CTLO # CTHO # TML2# PWMO 
00000000 XXXXXXXX XXXXXXXX 00000000 00000000 

D THl CTL1 # CTHl # TMH2# PWM1 
00000000 XXXXXXXX XXXXXXXX 00000000 00000000 

E CTL2 # CTH2# STE PWMP 
XXXXXXXX XXXXXXXX 11000000 00000000 

F CTL3 # CTH3 # RTE T3 
XXXXXXXX XXXXXXXX 00000000 00000000 

% = Bit addressable register 
# Read only register 
X Undefined 

only in 89CE558 

1.2 Addressing 
The 8xCE558 has five modes for addressing: 

instructions have a ·destination/source" field 
that specifies the data type, addressing 
methods and operands involved. For 
operations other than MOVs, the destination 
operand is also a source operand. 

128-255 of internal RAM share their 
address location with the SFRs and so 
may only be addressed indirecdy as data 
RAM. Bytes 0-767 of AUX-RAM can only 
be addressed indirectly via MOVX. 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register plus 
Index-Register-Indirect 

The first three methods can be used for 
addressing destination operands. Most 

Access to memory addresses is as follows: 

• Register in one of the four 8-register 
banks through Register, Direct or 
Register-Indirect addressing 

• 1024 bytes of internal RAM through Direct 
or Register-Indirect addressing. 
Bytes 0-127 of intemal RAM may be 
addressed directlylindirectly. Bytes 

826 

• Special Function Register through direct 
addressing at address locations 128-255 
(see Figure 4). 

• External data memory through 
Register-Indirect addressing 

• Program memory look-up tables through 
Base- Register plus 
Index-Register-Indirectaddressing 
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Byte Address. Byte Addresa 
(Hex) Bit Address (Hex) (Decimal) 

Direct Byte Regia1er 
Address (Hex) Bit Address (Hex) Mnemonic 

~ r~====~====~,~ 
FFH 1 (USB) {LSBt 255 

~ r----------------~,~ 

FFH 1 (USB) (LSBt 

.FH 

2EH 

.DH 

2CH 

.BH 

2AH 

29H 

28H 

.7H 

26H 

25H 

.4H 

'3H 

22H 

2.H 

20H 

.FH 

IsH 

17H 

10H 

OFH 

08H 

07H 

DOH 

7F 

77 

6F 

67 

SF 

57 

4F 

47 

3F 

37 

.F 

.7 

.F 

17 

of 

07 

7E 

76 

6E 

66 

5E 

56 

4E 

46 

3E 

36 

2E 

26 

IE 

16 

DE 

06 

7D 7C 7B 

75 74 73 

6D 6C 6B 

65 64 63 

5D 5C 5B 

55 54 53 

4D 4C 4B 

45 44 43 

3D 3C 38 

3S 34 33 

2D 2C 2B 

25 24 .3 

1D .C 18 

IS I. 13 

OD DC DB 

05 04 03 

Bank 3 

Bank. 

Bank 1 

BankO 

7A 79 78 .7 

7. n 70 46 

6A 69 68 45 

62 61 60 44 

SA 59 58 43 

52 5. 50 42 

4A 49 48 4. 

4. " 40 40 

3A 39 38 39 

32 31 3D 38 

2A 29 28 37 

22 ., 20 36 

IA .9 18 35 

12 n 10 34 

OA 09 08 33 

O' D. DO 32 

3. 

2. 

23 

.6 

IS 

PT2 PCM2 PCM1 PCIIO PCT3 PCT2 PCTt PCTO 

F8H FF I FE I FD I FC I FB I FA I F9 I F8 IP1 

FOH F7 I F6 I F5 I F4 I F3 I F2 I F1 I FO B 

ET. ECM2 ECM ECIII Ecn ECT2 ECTt ECTO 

ESH EFI EEl EblEcl EBIEAIEilES lEN. 

EOH E1 I E6 I 61 E4 I E31 E21 E11 EO ACC 

CR2 ENS1 STA STO $I All CRt eRO 

DaH DF I DE I DD I DC I DB I DA I D9 I D8 S.CON 
CV AC FO AS. RSO OV F1 P 

DoH D7 I D6 I D5 I D4 I D3 I D2 I D1 I 00 psw 
T20V CM12 CII1 CMIO cn3 cn. Cnt cno 

CSH CF I CE I CD I cc I CB I CA I C1I I CS TM2IR 

COH cdcalc5 C4 c 3 lc'lc1leo P4 

PAD PS1 PSO PT. PX. PTD PXO 

B8H BF I BE I BD I BC I BB I BA I B9 I 88 IPO 

BOH B7 I B6 I B5 I 84 I 83 I B2 I B1 I BO P3 

EA EAD ES1 ESO ET. EX1 ETD EXO 

ASH AF I AE I AD-r AC I ABl AII-r A91 AS lEND 

AOH A7 I A6 I AS I M I A3 I A2 I A' I AD P2 

SIlO SM1 SM2 REN T88 R88 n RI 

asH eF I 9E I 9D lac leBf 9Al 99198 soeON 

90H 9d 961951941931921 9>1 90 P. 

TF1 TR. TFO TRO IE. ITt lEO lTD 

asH 8F r8EI 8D I 8C I 8B I SA I 89 I as TeON 

80H 871861 851 84 T83T821 811 80 PO 

Figure 3. RAM Bit Addresses Figure 4. Special Function Register Bit Addresses 

1.3 1/0 facilities 
The 8xCE558 has six 8-bit ports. Ports 0 to 3 
are the same as in the BOC51 , with the 
exception of the additional functions of Port 1. 
The parallel 110 function of Port 4 is equal to 
that of Ports 1. 2 and 3. Port 5 has a parallel 
input port function, but has no function as an 
output port. 

The SDA and SCL lines serve the serial port 
SIOl (I 2 C). Because the 12C-bus may be 
active while the device is disconnected from 
VDD, these pins, are provided with open drain 
drivers. 

Ports 0, I, 2, 3, 4 and 5 perfonn the following 
alternative functions: 

Port 0: provides the multiplexed 
low-order address and data bus used for 
expanding the BxCE558 with standard 
memories and peripherals. 

Port 1: Port 1 is used for a number of 
special functions: 

- 4 capture inputs (or external interrupt 
request inputs if capture information is 
not utilized) 

- external counter input 

- external counter reset input 

B27 

Port 2: provides the high-order address 
bus when the BxCE558 is expanded with 
external Program Memory andlor 
extemaf Data Memory. 

Port 3: pins can be configured 
individually to provide: 

- external interrupt request inputs 

- counter inputs 

- receiver input and transmitter output of 
serial port SIO 0 (UART) 

- control signals to read and write 
extemal Data Memory 
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Port 4: can be configured to provide 
signals indicating a match between timer 
counter T2 and its compare registers. 

Port 5: may be used in conjunction with 
the ADC interface. Unused analog inputs 
can be used as digi- tal inputs. As Port 5 
lines may be used as inputs to the ADC, 
these digital inputs have an inherent 
hysteresis to prevent the input logic from 
drawing too much current from the 
power lines when driven by analog 
signals. Channel to channel crosstalk 
should be taken into consideration when 
both digital and analog signals are 
simultaneously input to Port 5 (see DC 
characteristics). 

All ports are bidirectional with the exception 
of Port 5 which is an input port. 

Pins of which the alternative function is not 
used may be used as normal bidirectional 
1I0s. 

The generation or use of a Port 1, Port 3 or 
Port 4 pin as an alternative function is carried 
out automatically by the 8xCE558 provided 
the associated Special Function Register bit 
is set HIGH. 

The pull-up arrangements of Ports 1 - 5 are 
shown in Figure 5. 

1.4 Pulse Width Modulated 
Outputs 
The 8XCE558 contains two pulse width 
modulated output channels (see Figure 6). 
These channels generate pulses of 

ON 

From 
Port 
Latch 

programmable length and interval. The 
repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies the clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The 8-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the 8-bit counter 
is compared to the contents of two registers: 
PWMO and PWMI. Provided the contents of 
either of these registers is greater than the 
counter value, the corresponding PWm or 
l'WIiM output is set LOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWMI. 
The pulse·width-ratio is in the range of 01255 
to 2551255 and may be programmed in 
increments of 11255. 

Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpwm, at the PWMn 
outputs is give by: 

fpwrn = 
felK 

2 x (1 + PWMP) x 255 

VDD 

This gives a repetition frequency range of 
123Hz to 31.4kHz (IcLK = 16MHz). By loading 
the PWM registers with either OOH or FFH, 
the PWM channels will output a constant 
HIGH or LOW level, respectively. Since the 
8-bit counter counts modulo 255, it can never 
actually reach the value of the PWM registers 
when they are loaded with FFH. 

When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both PWMi'i output pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 

Prescaler frequency control register PWMP 

PWMP(FEH) 

MSB LSB 

Bit Function 
PWMP.O-7 Prescaler division factor = 
(PWMP)+l. 

PWMO(FCH) 
PWM1(FDH) 

1716151432 0 

MSB LSB 

Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 

Bit 
PWMO.O-7 
PWM1.0-7 

Function 
Lowlhigh ratio of 

(pWMn) 
PWMi'i = 255 _ (PWMn) 

P1 is turned on for 2 oscillator periods after ON makes a 1-to-O transillon. 

During this time, P1 also turns on P3 through the Inverter to form an additional pull up. 

Figure 5. 110 buffers In the 8xCE558 (Ports 1, 2, 3 and 4). 
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1.5 Analog / Digital Convener 
In order to have a minimum of ADC service 

overhead in the microcontroller program, the 
ADC is able to operate autonomously by it's 
configurable autoscan feature and a set of 8 
buffer registers (10 bit), which store the result 
of the conversion of each analog input 
channel. The functional diagram of the ADC 
is shown in Figure 7. 

Feature Overview: 

• 1 O-bit resolution. 

• a multiplexed analog inputs. 

• Programmable autoscan of the analog 
inputs. 

• Bit oriented a-bit scan-select register to 
select analog inputs. 

• Continuous scan or one time scan 
configurable from 1 to a analog inputs. 

• Start of a conversion by software or with 
an external signal. 

• Programmable prescaler (div by 2, 4, 6, 8) 
to adapt to different oscillator frequencies. 

• Eight 10-bit buffer registers, one register 
for each analog input channel. 

• Conversion time for one AID conversion: 

151J.S ... 50l1s 

• Differential non-linearity : DLe 1 LSB. 

• Integral non-linearity 

• Offset error 

• Gain error 

. 
" III 

~ 
I 

: ILe 2 LSB. 

: OSe2LSB. 

: Ge 0.4%. 

• Absolute vollage error : Ae 3 LSB. 

• Channel to channel matching 
: Mete 1 LSB. 

• Crosslalk between analog inputs 
Ct <.oOdB. 
@100kHz. 

• Monotonic and no missing codes. 

• Separated analog (AVDD, AVSS) and 
digital (VDD, VSS) supply vollages. 

• Reference vollage at two special pins: 
AVREF- and AVREF+. 

1.5.1 Functional description: 

TableS. 
ADCON AID control register read! 

write 

ADPSS Analog port read! 
scan-select register write 

ADRSln 8 AID result read only 
registers. conlain 
the 8 lower bits 

ADRSH AID result register, read only 
contains the 2 
higher bits 

P5 Digilal input port read only 
(shared with ana-
log inputs) 

After a RESET of the microcontroller the 
ADCON and ADPSS register bits are 
initialized to zero, registers ADRSln and 
ADRSH are undefined. 

ADRSln and ADRSH are specified as read 
only registers to prevent conflict situations 
between software write operation and writing 
the AID conversion result in ADRSn by the 
hardware. 

1.5.2 Idle and Power-down Mode lor the 
AID converter 

If the Idle or Power.<fown Mode is activated. 
then an AID conversion in progress is 
aborted. the ADSST flag is cleared and the 
internal clock is halted. The interrupt flag 
ADiNTwili not be set. The ADRSn registers 
10 bit buffer (see lable NO TAG) are not 
affected. 

Table 6 shows resultant conversion times 
(!conv) at external cfock frequencies (felK) 
and ADC prescaler divisors (m). which are 
programmable by the bits ADCON. 7 and 
ADCON.6. For conversion times outside the 
specified range the specified characteristics 
are not guaranteed; those conversion times 
are put in brackets. 

Table 6. Configuration time 
configurable examples (tconv/ms) 

tCLK 
6MHz 8MHz 12MHz 16MHz 

m 

2 26 19.5 [13] [9.75] 
4 50 37.5 25 18.75 
6 [74] [55.5] 37 27.75 
8 [98] [73.5] 49 36.75 

conversion time = 6 x m + 1 machine cycles 

PWII 
lJ 

PWII ,. 

Figure 6. Functional Diagram of Pulse Width Modulated Outputs 
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ADCO 0 
I 
I 
I ANALOG 

I MuIr. 

I 
I 
I 

0 ADC7 

AV .... 0 
AV,rII- 0 

AV_ O • 
AV •• , 0 • 

ADEXS 0 

COMPARATOR 

DAC 

-ADRSH 

INTERNAL BUS 

Product specification 

80CE558/83CE558/89CE558 

SAR 

10 

10 

a. 
10-b1t"** 

regl ...... 

Figure 7. Functional Diagram of AD converter 
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1.5.3 AID Control R 

ADCON(D7H) 

Bit Symbol 

ADCON.7 ADPRI 

ADCON.6 ADPRO 

ADCON.5 ADPOS 

ADCON.4 ADINT 

ADCON.3 ADSST 

ADCON.2 ADCSA 

ADCON.l ADSRE 

ADCON.O ADSFE 

ADPSS(E7H) 

ADPSS7-0 For each individual bit position: 
o = The corresponding 

analog input is skipped in 
the auto-scan loop. 
The corresponding 
analog input is included 
in the auto-scan loop. 

If all bits are 'zero' then no AID conversion 
can be started. If ADPSS is written while an 
AID conversion is in progress (ADSST in the 
ADCON register is 'one') then the auto-scan 
loop with the previous selected analog inputs 
is completed first. The next auto-scan loop is 
performed with the new selected analog 
inputs, 

1.5.5 AID Result Registers ADRSLn and 
ADRSH: 
There are 8 ADRSLn registers and one 
ADRSH register. Reading an ADRSLn 
register by software copies at the same time 
the two highest bits of the corresponding 
100bitconversion value in two latches. These 

Function 

Control bit for the prescaler. 

Control bit for the prescaler. 
ADPRl =0 APPRO=O Prescaler divides by 2. 
ADPR1=0 ADPRO=l Prescaler divides by 4. 
ADPR1=1 ADPRO=O Prescaler divides by 6. 
ADPR1=1 ADPRO=1 Prescaler divides by 8. 

ADPOS is reserved for future use. Must be "0" if ADCON is written. 

ADC interrupt flag. This flag is set when all selected analog inputs are con-
verted, as well in continuous scan as in one time scan mode. An interrupt is in-
voked if this interrupt is enabled. ADINT must be cleared by software. It cannot 
be set by software. 

ADC start and status. Setting this bit by software or by hardware (via ADEXS 
input) starts the AID conversion of the selected analog inputs. ADSST stays a 
'one' in continuous scan mode. In one time scan mode, ADSSTis cleared when 
the last selected analog input channel has been converted. As long as ADSST 
is a one, new start commands to the ADC- block are ignored. An AID conversion 
in progress is aborted if ADSST is cleared by software. 

1 = Continuous scan of the selected analog input after a 
start of AID conversion. 

0 = One time scan of the selected analog inputs after a 
start of AID conversion. 

1 = A rising edge at inputs ADEXS will start the AID con-
version and generate a capture signal. 

0 = A rising edge at input ADEXS has no effect. 

1 = A falling edge at input ADEXS will start the AID conversion 
and generate a capture signal. 
0 = A falling edge at input ADEXS has no effect. 

two latches form bit position 0 and bit position 
1 of register ADRSH. The upper 6 bits of 
ADRSH are all O's if read. ADRSLn and 
ADRSH are read only registers. 

1.6 Timer I Counters 
The 8xCE558 contains three 16-bit 
timer/event counters: TImer 0, TImer 1 and 
TImer T2 and one 8-bit timer, T3. TImer 0 and 
TImer 1 may be programmed to cany out the 
following functions: 

" Measure time intervals and pulse 
durations 

" Count events 

Generate interrupt requests 

1.6.1 Timer 0 and Timer 1 
TImers 0 and 1 each have a control bit in 
SFR TMOD that selects the timer or counter 
function of the corresponding timer, 

In the timer function, the register is 
incremented every machine cycle. Thus, one 

831 

can think of it as counting machine cycles. 
Since a machine cycle consists of 12 
oscillator periods, the count rate is 1112 of the 
oscillator frequency. 

In the counter function, the register is 
incremented in response to a l-to-O transition 
at the corresponding external input pin, TO or 
Tt. In this function, the external input is 
sampled during SSP2 of every machine 
cycle. When the samples show a HIGH in 
one cycle and a LOW in the next cycle, the 
counter is incremented. Thus, it takes two 
machine cycles (24 oscillator periods) to 
recognize a 1- to-o transition. There are no 
restrictions on the duty cycle of the external 
input signal, but to insure that a given level is 
sampled at least once before it changes, it 
should be held for at least one full machine 
cycle. 

TImer 0 and TImer 1 can be programmed 
independently to operate in one of four 
modes: 
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• Mode 0: a-bit timer or a-bit counter each 
with divide by-32 prescaler 

• Mode 1 : 1 S-b~ time-interval or event 
counter 

• Mode 2: a-bit time-interval or event 
counter with automatic reload upon 
overflow 

• Mode 3: -Timer 0: one a-bit time-Interval 
or event counter and one 8-bit 
time-Interval counter 

-Timer 1: stopped 

When Timer 0 is in Mode 3, Timer 1 can be 
programmed to opemte in Modes 0, 1 or 2 
but cannot set an interrupt request flag or 

TMOD 
(89H) 

(MSB) 

Gale CIT 

generate an interrupt. However the overflow 
from Timer 1 can be used to pulse the serial 
port baud-mte genemtor. 

With a 16 MHz crystal, the counting 
frequency of these timer/counters is as 
follows: 

• In the timer function, the timer is 
incremented at a frequency of 1,33 MHz -
a division by 12 of the oscillator frequency 

• 0 Hz to an upper limit of 0.66 MHz (1124 
of the oscillator requency) when 
progmmmed for external inputs 

Both internal and external inputs can be 

MI MIl Gate err MI 

limer1 Timer 0 

Gate 

CIT 

Gating control when Nt. limarlCountar "x" i. en
aIOed only while '1!ITi" pin 10 high and "TRx" co ... 
trol pin ia set. When cleared limer "x" I. enabled 
whenever "TRx" control bit ia sat. 

Timer or Counter Selector cleared for TImer opera
tion Onpul from i_ oyatem dock~ Set for 
Counter operation PnpuI from "Tx" input pin). 

MI 

o 
MIl 

o 

gated to the counter by a second external 
source for direcUy measuring pulse dumtions. 

When configured as a counter, the register is 
incremented on every falling edge on the 
corresponding input pin, TO or n. The 
incremented register value can be read 
earliest during the second machine cycle 
after that one, during which the incrementing 
pulse occured. 

The counters are started and stopped under 
software control. Each one sets its interrupt 
request nag when it overflows from all HIGHs 
to all LOWs (or automatic reload value), with 
the exception of mode 3 as previously 
described. 

(LSB) 

MIl 

Operating 

8048 Timer "nx" Arves .. 5-b11 preecaler. 

16-bit limerICounIer "THx" and "n.x" III'e 
eaaeaded; there 1. no preacaIer. 

8-bi1.u1o-reload TomeriCGunter ''THx'' h_ 
• value which .. to be reloaded Into "TLx" 
each time it overflows. 

(T1II'IeI' 0) TlD Ie 1I18-bit TimerlCounter con-
1rolled by the standard limer 0 con1rol bibs. 
THO I. an 8-bi1 timer only conIroiled by Tim
er 1 control bit&. 

(Tomer I) TomorlCIKll11er I 01~ 

Figure 8. Timer/Counter Mode Control (TMOD) Register 

TCON 
(88H) 

&b:DlllSlI eRliJlRIl 
TFI TCON.7 

TRI TCON.6 

TAl TCON.S 

TRO TCON.4 

(MSB) 

1FI TRI TAl THO lEI ITI lEO 

fUEDlIDSI iiSlllifiaDB Symbol PPlitl90 

Timer 1 overflow.ag. Set by hardware on lEI TCON.3 
TimerfCounler overflow. CIeered by hardware 
when procesaor vector. to interrupt routine. 

Timer 1 Run eon1rol bit. Set/cleared by .oft- 111 TCON.2 
ware to twn TimerlCotRtter onIoff. 

TImer 0 overftow flag. Set by hardware on 
Timer/Counler overflow. Cleared by "rdware lEO TCON.I 

when processor vectors to interrupt routine. 

Timer 0 Run control biL Set/cleared by .oft- ITO TCON.O 
ware to turn Timer/Counter onJoff. 

Figure 9. Timer/Counter Control (TCON) Register 

832 

(LSB) 

110 

Name Mild Slgnlficanee 

Interrupt 1 Edge nag. Set by hN'dware when 
e_ interrupt edge deleCled. Cleared 
when Interrupt proc:eoaed. 

1ntem/pl1 Type control biL _cleared by 
_to opecily lalling edge/low Ie .. ltrig
gered external in .......... 

Interrupl 0 Edge nag. Set by hardwan! when 
e_ inOerTupt edge detec:Ied. Cleared _n inOerTupt procooaed. 

Interrupt 0 Type con .. 01 bit. _cleared by 
aoftware to specify falling edgellow level trig
gered external in .......... 
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1.6.2 TImer T2 
Timer T2 is a 16 bit timer/counter which has 
capture and compare facilities. 

The operational diagram is shown in Figure 8. 

The 16 bit timer/counter is clocked via a 
prescaler with a programmable division factor 
of 1 , 2, 4 or 8. The input of the prescaler is 
clocked with 1112 of the clock frequency, or 
by an external source connected to the T2 
input, or it is switched off. The maximum 
repetition rate of the external clock source is 
fCUQ12, twice that of Timer 0 and TImer 1. 
The prescaler is incremented on a rising 

011 

fCLK 

T2 

RT2 

T2ER 

s 

s 

s 

s 
s 
s 

TG 

TG 

STE 

CTOI 

t 

R 

R 

R 

R 

R 

R 

T 

T 

RTE 

INT 

P4.o 

P4.1 

P4.6 

P4.7 

edge. It is cleared if its division factor or its 
input source is changed, or if the 
timer/counter is reset (see also Figure 11: 
TM2CON). T2 is readable 'on the fly', without 
any exira read latches; this means that 
software precautions have to be taken 
against misinterpretation at overflow from 
least to most significant byte while T2 is 
being read. T2 is notloadable and is reset by 
the RST signal or at the positive edge of the 
input signal RT2, if enabled. In the Idle mode 
the timer/counter and prescaler are reset and 
halted. 

T2 is connected to four 16-bit Capture 

cnl INT C12l 

Registers: CTO, cn, CT2 and CT3. A rising 
or falling edge on the inputs CTOI, Cnl, CT21 
or CT31 (alternative function of Port 1) results 
in loading the contents of T2 into the 
respective Capture Registers and an interrupt 
request. 

Using the Capture Register CTCON (see 
figure 5), these inputs may invoke capture 
and interrupt request on a positive, a negative 
edge or on both edges. If neither a positive 
nor a negative edge is selected for capture 
input, no capture or interrupt request can be 
generated by this input. 

INT CT31 INT 

&-bit overflow in1enupt 

16-bit overftow in1enupt 

I/O port 4 

S ::;: set 

R = ..... 
T = toggle 

TG = toggle olalla 

Figure 10, Block Diagram of TImer 2 
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TM2CON 

(EAH) 

5 2 0 

T21S1 T2ISO T2ER I T280 T2PI T21'O I T2MSI I T2IISO I 
(IISB) 

Bit 

T112CON.7 

Tll2CON.6 

T112CON.5 

TM2CONA 

TM2CON.3 

T112CON.2 

TM2CON.1 

TM2CON.2 

(LSB) 

Svmbol FunctIon 

12IS1 timer 1'2 1NIH: overIIowlnlarrupt 88Iect 

12ISO 1lmer T2 byte _ow I-..upI oeIect 

12ER 
Tnner T2. ___ • When "obit 10 

.... lImer T2 .... y be _by. rioing edge on 
RT2(PI.5}. 

1280 To_ 12 byte _ow interrupt flog 

T2PI } 
121'0 

lImer T2....- oeIed 

12PI 12PO Tomer T2 aock 

0 0 a_ ......... 

a I Qoc:k aowceJ2 
I a Qock aource/4 
I I Clock 8O&a'Ce18 

121151 } 
T211SO T ....... 12 mode oeIect 

T211S1 T211SO --a 0 lImer 12 heltod (all} 

a I T2 dock ooureo = 1..,.t12 

I a Test mode; do nOluee 
I I T2 dock source = pin T2 

Figure 11. T2 Control Register (TM2CON) 

6 4 a 

(IISB) (LSB) 

Bit 5vmbol Capturelln\enupt on: 

CTCON.7 CTN3 C.pt .... Register 31r1ggered by. foiling edge on CT3I 
CTCON.& CTP3 Capture Regleter 31r1ggered by. rielng edge on CT3I 

CTCON.S CTN2 Capture Ragieter 2 triggered by. lolling edge on CT2I 

CTCON.4 CTP2 Copture Ragleter 21r1ggered by. rising edge on CT2I 

CTCON.3 CTNI Capture RagIoter I triggered by • lolling edge on CTII 

CTCON.2 CTPI Capture Ragloter I triggered by • rising edge on cnl 

CTCON.I CTNO Copture Regjoter 0 triggered by .loiIing edge on CTII 

CTCON.a CTPO Capture Register a lriggered by • riling edge on CTOI 

Figure 12. Capture Control Register (CTCON) 
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The contents of the Compare Registers CMO, 
CM1 and CM2 are continuously compared 
with the counter value of limer T2. When a 
match occurs, an interrupt may be invoked. A 

match of CMO sets the bits 0-5 of Port 4, a 
CM1 match resets these bits and a CM2 
match Ioggles bits 6 and 7 of Port 4, provided 
these functions are enabled by the STE resp. 

RTE registers. A match of CMO and CM1 at 
the same time results in resetting bits 0-5 of 
Port 4. CMO, CM1 and CM2are reset by the 
RSTIN signal. 

76543210 

TII2IR (C8H) I nov I CII21 elol, I CWII CTl31 CTl21 cm I ClIO I 

Bit 

TM2IR.7 

TM2IR.& 

TM2IR.5 
TM2IR.4 

TM21R.3 

TM2IR.2 

TM2tR.l 

1M2tR.O 

(MSB) 

Symbol 

T2IIV 

CII2 
CMll 
CMIO 

CTIa 

CTl2 
CTil 

CTIO 

Funclion 

Timer T2 ,&-Gt 0 ..... 0. I-.up! flag 

CM2 .......... w.a 
CM' .......... w.a 
CIoID l-'upI flog 
CT3 interrupt flag 

CUI_tftOll 

cn Interrupt w.a 
C11J inferr14lt flag 

Interrupt Flag Register (TM2IR) 

(LSB) 

76543210 

IP1(F8II) I PT2 I PCM21 PCM'I pcloIDl PCT31 pcT21 pcnl PCTO I 
Bit 

IP1.7 

IP'.6 
IP1.5 
IPtA 

IPt.3 

IP'.2 
IP1.1 

IP'.o 

(MSB) 

Symbol 

pT2 

PCM2 

PCM' 
PCIoID 

PCTS 

PCT2 
PCT, 

PCTO 

(LSB) 

Funcli ... 

Timer T2 overflow interrupt(a) priority level 

Timer T2 comparator 21ntenupt priority level 

Timer 12 compuator 1 inIern4JI priority level 
Tuner T2 comparator 0 Interrupt priority level 
limer T2 _ register 3 IntemJpl priority Ievet 

Timer T2 _lUre regiater 2 int ........ priority Ievet 

Timer T2 Cllptwe regiater 1 interrupt priority level 

Timer T2 Cllpture ragilller 0 interrupt priority level 

TImer 2 Interrupt Priority Register (IP1) 

Figure 13, Interrupt Flag Register (TM2IR) and Timer T2 Interrupt Priority Register (IP1) 

For more information concerning the TM2CON, CTCON, TM21R and the STE/RTE registers see IC20 handbook 1992. 

4 o 

STE (EEH) I TG471 TG461 SP4S Is-I S_I SP42 I SP4'I SP40 I 
(MSB) (LS8) 

Bit Symbol Function 

STE.7 TG47 R "," ..... 1'4.7 is ....... on the noxt toggle, H LOW P4,710 oet on the next toggle 
STE.6 TG46 If "1" d1en P4.S is reset on the ned toggle, if LOW P4.6 t. eet on the next toggle 

STE.s SP45 " "1" then P4.5ia seton. match between ClIO and limerT2 
STE.4 SP44 If u1" then P4.4 ia aet on a match between CMlIl1d timer 12 
STE.3 SP43 " "1"1hen P4.3 i. aat on • match between CII) and Timer T2 

STE.2 SP42 If .. ,,, then P4.2 is set on • match between C .. 1I1d llmer T2 

STE.l SP4' If "1"1hen P4.11. HI on. match between CII) and Timer T2 

STE.o SP40 If ","Ihen P4.0 ie eel on • match between CMI and limer T2 

Figure 14, Set Enable Register (STE) 
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Port 4 can be read and written by software 
without affecting the toggle, set and reset 
signals, At a byte overflow of the least 
significant byte, or at a 16-bit overflow of the 
timer/counter, an interrupt sharing the same 
interrupt vector is requested, Either one or 
both of these overflows can be programmed 
to request an interrupt. 

All interrupt flags must be reset by software. 

1.7 Watchdog Timer (T3) (see 
Figure 16) 
In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 
11-bit prescaler and an 8-bit timer is also 
incorporated. 

The timer is incremented every 1,5 ms, 

Bit 

derived from the oscillator frequency of 16 
MHz by the following: 

flimor = fCLK 

12 x 2048 

When a timer overflow occurs, the 
microcontroller - but not the Pll- is reset 
and a reset output pulse is generated at pin 
RSTOUT. 

To prevent a system reset the timer must be 
reloaded in time by the application software. 
If the processor suffers a hardware/software 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. The watchdog timer 
can only be reloaded if the condition flag 

4 o 

(MSo) (LSD) 

Symbol function 

WlE = PCON.4 has been previously set by 
software. 

At the moment the counter is loaded the 
condition flag isautomatically cleared. 

The time interval between the timer's 
reloading and the occurrence of a reset 
depends on the reloaded value. For example, 
this may range from 1,5 ms to 0,375 s when 
using an oscillator frequency of 16 MHz. 

In the Idle state the watchdog timer and reset 
circuitry remain active. 

The watchdog timer is controlled by the 
watchdog enable pin (EW). A lOW level 
enables the watchdog timer and disables the 
Power-down mode. A HIGH level disables 
the watchdog timer and enables the 
Power-down mode. 

RTE.7 TP47 If "."!hen P4. 7 togg ..... on • match be ....... CM2 and Tomer T2 

fcu/12 __ r-..... 

RTE.6 TP46 If "."!hen P4.6 logg ..... on • match be ....... CM2 and limer T2 
RTE.S R P45 If "1" then P4.S i. re_t on • match between CM1 and Timer T2 

RTE.4 RP44 If "." then P4.4 io re.t on • match between CM •• nd limer T2 
RTE.3 RP43 If "l"then P4.3iareaet on a match between C"l anc:llimerT2 
RTE.2 RP42 II ","then P4.2i ........ on.matchbe ....... CM •• ndlimerT2 

RTE.l RP41 If "." then P4.,lo .... ' on. match be ....... CM'.nd limerT2 
RTE.O RP40 If "l"lhen P4.0iareeeton. match betwaenCMl and limer T2 

Figure 15. Reset/Toggle Enable Register (RTE) 

Prescaler (11-bit) n ..... T3 (&-bil) 1----- to reset circuitry (see Rgure 29 ) 

LOADlOADEN 

EW~~------+-----------~ 

Figure 16. Watchdog limer 
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1.8 Serial 1/0 
The 8xCES58 is equipped with two 
independent serial ports: Sioo and SIOI. 
Sioo is the full duplex UART port, identical to 
the PCBSOCSI serial port. Sial is an 12C-bus 
serial 110 interface with byte oriented master 
and slave functions. 

1.B.1 Sioo (UART) 
SIO 0 is a full duplex serial I/O port - it can 
transmit and receive simultaneously. This 
serial port is also receive-buffered. It can 
commence reception of a second byte before 
the previously received byte has been read 
from the receive register. If, however, the first 
byte has still not been read by the time 
reception of the second byte is complete, one 
of the bytes will be lost. The Sioo receive 
and transmit registers are both accessed via 
the saBUF special function register. Writing 
to saBUF loadsthe transmit register, and 
reading SOBUF accesses to a physically 
separate receive register. Sioo can operate 
in4 modes: 

Mode 0: Serial data is transmitted and 
received through RXD. TXD 
outputs the shift clock. 8 data bits 

(MSB) 

are transmitted/received (lSB 
first). The baud rate is fixed at 
1/12 of the oscillator frequency. 

Mode 0: 10 bits are transmitted via TXD or 
received through RXD: a start bit 
(0), 8 data bits (LSB first), and a 
stop bite 1). On receive, the stop bit 
is put into RB8 (saCON special 
function register). The baud rate is 
variable. 

Mode 0: 11 bits are transmitted through TXD 
or received through RXD: a start 
bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a 
stop bit (1). On transmit, the 9th 
data bit (TBS in saCON) can be 
assigned the value of 0 or 1. With 
nominal software, TBS can be the 
parity bit (P in PSW). During a 
receive, the 9th data bit is stored 
in RBS (SOCON), and the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 of the oscillator frequency. 

Mode 0: 11 bits are transmitted through TXD 
or received through RXD: a start 
bit (0), 8 data bits (lSB first), a 
programmable 9th data bit, and a 

stop bit (1). Mode 3 is the same 
as Mode 2 except the baud rate 
which is variable in Mode 3. 

In all four modes, transmission is initiated by 
any instruction that writes to the saBUF 
function register. Reception is initiated in 
Mode 0 when RI = 0 and REN = 1. In the 
other three modes, reception is initiated by 
the incoming start bit provided that REN = 1. 

Modes 2 and 3 are provided for 
multiprocessor communications. In these 
modes, 9 data bits are received with the 9th 
bit written to RBS. The 9th bit is followed by 
the stop bit. The port can be programmed so 
that with receiving the stop bit, the serial port 
interrupt will be activated if, and only if RBS = 
1. 

This feature is enabled by setting bit SM2 in 
saCON. This feature may be used in 
multiprocessor systems. 

For more information about how to use the 
UART in combination with the registers 
saCON, PCON, IENO, saBUF and 1imer 
register refer to the BOCSI Data Handbook 
IC20 1992. 

(LSB) 

SOCON 
(98H) I SMO I SMI SM2 REN TBB RBBI TI 

Where SMO, SMI specify the serial port mode, 
asfollows: 

SMa SMI Mode Description 
Rate 

0 0 0 shift register 

0 8-bitUART 

0 2 9-bitUART 

3 9-bitUART 

Baud 

fcu«12 

variable 

fClK/64 
or 

fClK/32 

variable 

• SM2 enables the multiprocessor communication 
feature in modes 2 and 3. In mode 2 or 3, if 
SM2 is set to 1" then RI will not be acti
vated if the received 9th data bit (RBS) is O. 
In mode 1, if SM2 = 1, then RI will not be 
activated if a valid stop bit was not received. 
In mode 0, SM2 should be O. 

• REN enables serial reception. Set by software to 
enable reception. Clear by software to dis
able reception. 

• TBS is the 9th data bit that will be transmitted in 
modes 2 and 3. Set or clear by software as 
desired. 

• RBS in modes 2 and 3, is the 9th data bit that 
was received. In mode 1, if SM2 = 0, RBS is 
the stopbit that was received in mode 0, 
RBS is not used. 

• TI is the transmit interrupt flag. Set by hard
ware at the end of the 8th bit time in mode 
0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. 
Must be cleared by software. 

• RI is the receive interrupt flag. Set by hardware 
at the end of the 8th bit time in mode 0, or 
halfway through the stop bit time in the 
other modes, in any serial reception (except 
see SM2). Must be cleared by software. 

Figure 17. Serial Port Control (SOCON) Register 
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1.S.2 5101 (l2C-bus Interface) 
The 12C-bus is a simple bidirectional 2-wire 
bus for efficient inter-IC data exchange. 
Out-standing features of the 12C-bus are: 

• Only two bus lines are required: a serial 
clock line (SCl) and a serial data line 
(SDA) 

• Each device connected to the bus is 
software addressable by a unique 
address 

• Masters can operate as 
Master-transmitter or as Master-receiver 

• It's a true multi-master bus including 
collision detection and arbitration 10 
prevent data corruption if two or more 
masters simultaneously initiate data 
transfer 

• Serial clock synchronization allows 
devices with different bit rates to 
communicate via the same serial bus 

• ICs can be added 10 or removed from an 
12C-bus system without affecting any 
other circuit on the bus 

• Fault diagnostics and debugging are 
simple; malfunctions can be immediately 
traced 

For more information on the 12C-bus 
specification please refer to the Philips 
publication number 9398 39340011 and/or 
the BOC51 Data Handbook IC20 1992. 

The on~hip 12C logic provides a serial 
interface that meets the 12C-bus specification, 
supporting a1112C-bus modes of operation, 
they are: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 

The SIOl logic performs a byte oriented data 
transport, clock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. Via two pins the 
extemall2O-bus is interfaced to the SIOl 
logic: 

SCl serial clock 1/0 and SDA (serial data 
110), (see Special Function Register bit 
Sl CON.6/ENS 1 for enabling the SIOl logic). 

The SIOl logic handles byte transfer 
autonomously. It keeps track of the serial 
transfers, and a status register (SlSTA) 
reflects the status of SIOl and the 12C-bus. 

Via the following four Special Function 
Registers the CPU interfaces 10 the 12C logic. 

Sl CON control register. Bit addressable 

SlSTA 

SlOAT 

SlADR 

by the CPU 

status register whose contents 
may be used as a veclOr 10 
service routines. 

data shift register. The data 
byte is stable as long as 
SlCON.31SI~l. 

slave address register. It's lSB 
enables! disables general call 
address recognition. 

The Control Register, SlCON: 
The CPU can read from and write to this 
8-bit, directly addressable SFR. Two bits are 
affected by the SIOl hardware: the SI bit is 

SLAVE ADDRESS 

S.ADR 

SDA -----..... ------1 SHIFT REGISTER 

S1DAT 

SCL------~----~ BUS CLOCK GENERATOR 

set when a serial interrupt is requested, and 
the STO bit is cleared when a STOP 
condtion is present on the 12C bus. The STO 
bit is also cleared when ENSl ~ "0". 

SlCON(DSH) 

ENS1, the 5101 Enable Bit 
ENSl = "0": When ENSl is "0", the SDA and 
SCl outputs are in a high impedance state. 
SDA and SCl input signals are ignored, SIOl 
is in the "not addressed" slave state, and the 
STO bit in SlCON is forced to "0". No other 
bits are affected. 

ENSl = "1": When ENSl is "1", SIOl is 
enabled. 

In the following text, it is assumed that 
ENSl ="1". 

ENSl should not be used to temporarily 
release SIOl from the 12C-bus since, when 
ENSl is reset, the 12C bus status is losl. The 
AA flag should be used instead (see 
description of the AA flag in the following 
text). 

STA, the START Flag 
STA ~ "1": When the STA bit is set to enter a 
master mode, the SIOl hardware checks the 
status of the 12C bus and generates a START 
condition if the bus is free. I! the bus is not 
free, then SIOl waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a hal! clock 
period of the internal serial clock generator. 

Figure 18. Block diagram of 120 serial 1/0 interface 
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If STA is set while SIOI is already in a master 
mode and one or more bytes are transmitted 
or received, SIOI transmits a repeated 
START condition. STA may be set at any 
time. STA may also be set when SIOI is an 
addressed slave. 

STA = "0": When the STA bit is reset, no 
STAAT condition or repeated STAAT 
condition will be generated. 

STO, the STOP Flag 
STO = "I": When the STO bit is set while 
SIOI is in a master mode, a STOP condition 
is transmitted to the 12C bus. When the STOP 
condition is detected on the bus, the SIOI 
hardware clears the STO flag. In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the 12C bus. 
However, the SIOI hardware behaves as if a 
STOP condition has been received and 
switches to the defined "not addressed" slave 
receiver mode. The STO flag is automatically 
cleared by hardware. 

If the STA and STO bits are both set, the a 
STOP condition is transmitted to the 12C bus 
if SIOI is in a master mode (in a slave mode, 
SIOI generates an internal STOP condition 
which is not transmitted). SIOI then transmits 
a STAAT condition. 

STO = "0": When the STO bit is reset, no 
STOP condition will be generated. 

SI, the Serial Interrupt Flag 
SI = "1": When the SI flag is set, then, if the 
EA and ESI (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of the following 
events occur: 

- A STAAT condition is generated in MST 
mode. 

- The own slave address has been 
received during AA = logic 1. 

The general call address has been 
received while S lADA.O and AA = logic 
1 

- A data byte has been received or 
transmitted as selected slave. 

A STOP or STAAT condition is received 
as selected slave receiver or transmitter. 

While SI is set, the low period of the serial 
clock on the SCL line is stretched, and the 
serial transfer is suspended. A high level on 
the SCL line is unaffected by the serial 
interrupt flag. SI must be reset by software. 

SI = "0": When the SI flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCL line. 

AA, the Assert Acknowledge Flag 

AA = "1": If the AA flag is set, an 
acknowledge (low level to SDA) will be 
retumed during the acknowledge clock pulse 
on the SCL line when: 

The 'own slave address" has been 
received 

The general call address has been 
received while the general call bit (GC) 
in SIADA is set 

- A data byte has been received while 
SIOI is in the master receiver mode 

A data byte has been received while 
SIOI is in the addressed slave receiver 
mode 

AA = "0": if the AA flag is reset, a not 
acknowledge (high level to SDA) will be 
returned during the acknowledge clock pulse 
on SCL when: 

A data has been received while SIOI is 
in the master receiver mode 

A data byte has been received while 
SIOI is in the addressed slave receiver 
mode 

When SIOI is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored. ConsequenUy, no 
acknowledge is returned, and a serial 
interrupt is not requested. Thus, SIOI can be 
temporarily released from the 12C bus while 
the bus status is monitored. While SIOI is 
released from the bus, STAAT and STOP 
conditions are detected, and serial data is 
shifted in. Address recognition can be 
resumed at any time by setting the AA flag. If 
the AA flag is set when the part's own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 

CRO, CR1, and CR2, the Clock Rate Bits 
These three bits determine the serial dock 
frequency when SIOI is in a master mode. 
The various serial rates are shown in Table 7. 

Table 7. Serial Clock Rates 
BIT FREQUENCY (kHz) 

ATfcLK 

CR CR CR 12MHz 16MHz 
2 1 0 

1 0 0 50 66.7 
1 0 1 3.75 5 
1 1 0 75 100 
1 1 1 100 
0 0 0 200 266.7 

0 0 1 7.5 10 

0 1 0 300 400 

0 1 1 400 -

839 

The frequencies shown in Table 7 are 
unimportant when SIOI is in a slave mode. In 
the slave modes, SIOI will automatically 
synchronize with any dock frequency up to 
100kHz. 

Except from the bit rate selection (see table 
2) and the timing of the SCL and SDA signals 
(see AC electrical charao- teristics in section 
10) the SIO circuit is the same as described 
in delail in the 8OC51 Data Handbook IC20 
1992 for the 8xC552 microcentraller. 

AA 
Assert acknowledge bit, When this bit is set, 
an acknow- ledge is returned after anyone of 
the following conditions: 

Own slave address is received 

- General call address is received 
(SIADA.O = logic 1) 

A data byte is received, while the device 
is programmed to be a master receiver 

- A data byte is received, while the device 
is a selected slave receiver 

When the bit is reset, no acknowledge is 
returned. ConsequenUy, no interrupt is 
requested when the own address or general 
is received. 

Sl 
SIOI interrupt flag. This is set, and an 
interrupt request is generated, after any of 
the following events occur: 

- A START condition is generated in MST 
mode 

- The own slave address has been 
received during AA = logic 1 

- The general call address has been 
received while SIADA.O and AA = logic 
1 

- A data byte has been received or 
transmitted in MST mode (even if 
arbitration is lost) 

- A data byte has been received or 
transmitted as selected slave 

- A STOP or START condition is received 
as selected slave receiver or transmitter 

STO 
STOP flag. When in master mode, and this 
bit is set a STOP condition is generated. A 
STOP condition detected on the 12C-bus 
clears this bit. This bit may also be set in 
slave mode in order to recover from an error 
condition. Then no STOP condition is 
generated to the 12C-bus, but the hardware 
releases the SDA and SCL lines and 
switches to the not selected receiver mode. 
The STOP flag is deared by the hardware. 

STA 
START flag. When this bit is set in slave 
mode, the hardware checks the 12C-bus and 
generates a STAAT condition if the bus is 
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free or after the bus becomes free. If the 
device operates in master mode it will 
generate a repeated START condition. 

ENSl 
o = Serial I/O Disabled and reset. SDA 

and SCl outputs are open 
drain. 

1 = Serial I/O Enabled. 

Serial status register SlSTA (SISTA is a 
read only register) 

SlSTA(D9H) 

4 o 

SISTA.3 - SlSTA.7 hold a status code. 
SlSTA.O - SlSTA.2 are held lOW. The 
contents 01 the status register may be used 
as a vector to a service routine. This optimize 
the response time of the software and 
consequently that of the 12C-bus. 

Abbreviations used: 

SLA 7 -bit slave address 

A Aeadbit 

W Write bit 

ACK Acknowledgement 
(acknowledge bit = logic 0) 

ACK Not acknowledgement 
(acknowledge bit = logic 1) 

DATA: Sb-t data byte to or from 12C-bus 

MST Master 

SLY Slave 

TAX Transmitter 

AEC Aeceiver 

The following is a list of the status codes: 

MSTITRX mode 
SlSTA value 

OSH A START condition has been 
transmitted 

10H A repeated START condition 
has been transmitted 

lSH SLA and W have been 
transmitted, ACK has been 
received 

20H SLA and W have been 
transmitted, ACK received 

2SH DATA and SlOAT has been 
transmitted, ACK received 

30H DATA and SlOAT has been 
transmitted, ACK received 

3SH Arbitration lost in SLA, RIW or 
DATA 

MST/REC mode 
SlSTAvalue 

38H - Arbitration lost while returning 
ACK 

40H SLA and R have been 
transmitted, ACKreceived 

48H - SLA and R have been 
transmitted, ACKreceived 

SOH DATA has been received, ACK 
returned 

58H DATA has been received, ~ 
returned 

SLV/REC mode 
SlSTAvalue 

60H Own SLA and W have been 
received, ACK returned 

68H Arbitration lost in SLA, RIW as 
MST. Own SLA and W have 
been received, 

~returned 

70H General CALL has been 
received, ACK returned 

78H Arbitration lost in SLA, RIW as 
MST.General call has been 
received 

SOH - Previously addressed with own 
SLA.DATA byte received, ACK 
returned 

BBH - Previously addressed with own 
SLA.DATA byte received, ~ 
returned 

90H - Previously addressed with 
general call.DATA byte has 
been received, ACK has been 
returned 

98H - Previously addressed with 
general call. DATA byte has 
been received, ~ has been 
returned 

AOH - A STOP condition or repeated 
STARTcondtionhasbeen 
received while still addressed 
as SLVlREC or SLVITAX. 

SLVITRX mode 
SlSTAvalue 

ASH Own SLA and R have been 
received, ACK returned 

BOH Arbitration lost in SLA, AIW as 
MST.Own SLA and A have 
been received, ACK returned 

BBH DATA byte has been 
transmitted, ACK returned 

COH DATA byte has been 
transmitted, ~ returned 

CBH Last DATA byte has been 
transmitted (AA = logic 0), ACK 
received 
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Miscellaneous 
SlSTAvalue 

OOH - Bus error during MST mode or 
selected (AA = logic 0), ACK 
received 

The data ahlft register SlOAT 
51DAT(DAH) 

This register contains the serial data to be 
transmitted or data which has been received. 
Bit 7 is transmitted or received first; i.e. data 
is shifted from right to left. 

The address register 51 ADR 
SlAOR(OBH) 

SlADR.O, GC 

SlADR.7 -1 

o = 1 general call 
address is not 
recognized 

1 = general call 
address recognized 

own slave address 

This B-bit register may be loaded with the 
7-bit slave address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB (GC) is used to 
detennine whether the general call address is 
recognized. 

1.9 Interrupt System 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
nonnal program execution a multiple-source, 
two-priority-Ievel, nested interrupt system is 
provided. Interrupt response time in a 
single-interrupt system is in the range from 
2.25us to 6.75 us when using a 16 MHz 
crystal. The latency time depends on the 
sequence of instructions executed directly 
after an interrupt request. 

The SxCE558 acknowledges interrupt 
requests from 15 sources as follows (see 
Figure 19): 

• UAAT serial 110 port receiveitransmit 
interrupt 

• 12C-bus interface serial 110 interrupt 

• ADC autoscan completion interrupt 

• 'Seconds' timer interrupt SEC (ored with 
INTl) 
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Figure 19. The Interrupt System 
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• Timer 0 and Timer 1 internal timer/counter 16·bit overflow, 3 compare and 4 capture 
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The Extemallnterrupts1.lilm and TIIITf can 
each be either level-activated or 
transition-activated, depending on bits ITO 
and ITI in register TCON. The flags that 
actually generate these interrupts are bits lEO 
and lEI in TCON. When an external interrupt 
is generated, the corresponding requestflag 
is cleared by the hardware when the service 
routine is vectored to only if the interrupt was 
transition-activated. If the interrupt was 
level-activated then the interrupt request flag 
remains set until the external interrupt pin 
lJiITX goes high. Consequently the external 
source has to hold the request active until the 
requested interrupt is actually generated. 
Then it has to deactivate the request before 
the interrupt service routine is completed, or 
else another interrupt will be generated. As 
these external interrupts are active LOW a 
"Wire-ORing" 01 several interrupt souroes to 
one input pin allows expansion. 

The Timer 0 and Timer 1 Interrupts are 
generated by TFO and TF1, which are set by 
a rollover in their respective timer/counter 
register (except for Timer 0 in Mode 3 of the 
serial interface). When a Timer interrupt is 
generated, the flag that generated it is 
cleared by the on-chip hardware when the 
service routine is vectored to. 

The eight Timer/Counter T2 Interrupt sources 
are: 4 capture Interrupts ('), 3 compare 
interrupts and an overflow interrupt. The 
appropriate interrupt request flags must be 
cleared by software. 

The UAAT Serial Port Interrupt is generated 
by the logical OA of AI and TI. Neither of 
these flags is deared by hardware. The 
service routine will normally have to 
determine whether it was AI or TI that 
generated the interrupt, and the bit will have 
to be cleared by software. 

The 12C Interrupt is generated by bit SI in 
register SICON. This flag has to be cleared 
by software. 

The ADC Interrupt is generated by bit ADI NT, 
which is set when of all selected analog 
inputs to be scanned, the conversion is 
finished. ADINT must be cleared by software. 
It cannot be set by software. 

All of the bits that generate interrupts can be 

set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware (except the ADC interrupt request 
flag ADINT, which cannot be set by software). 
That is, interrupts can be generated or 
pending interrupts can be cancelled in 
software. 

The InterruptsXO, TO, XI, n, SEC, SO and 
SI are capable to terminate the Idle Mode. 

Intenupt Enable Registers 
Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit in the interrupt enable special function 
registers IENO and IENI. All interrupt souroes 
can also be globally enabled or disabled by 
setting or dearing bit EA in IENO. The 
interrupt enable registers are described in 
Figures 20 and 21. 

Interrupt Priority Structure 
Each interrupt source can be assigned one of 
two priority levels. Interrupt priority levels are 
defined by the interrupt priority special 
function registers IPO and IPI. IPO and IPI 
are described in Rgures 22 and 23. 

Interrupt priority levels are as follows: 
-0" -low priority 
"t"-high priority 

A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 
levef request is servioed. If requests of the 
same priority are reoeived simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus, within each priority 
level, there is a seoond priority structure 
determined by the polling sequence. This 
second priority structure is shown in Table 8. 

Intenupt Handling 
The interrupt sources are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set oondition at S5P2 of the 
previous machine cycle, the polling cycle will 
find it and the interrupt system will generate 
an LCALL to the appropriate servioe routine, 
provided this hardware- generated LCALL is 
not blocked by any of the following 
conditions: 

1. An interrupt of higher or equal priority 
level is already in progress. 

2. The current machine cycle is not the final 
cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the instruction in progress is 
oompleted. ) 

3. The instruction in progress is AETI or any 
access to the interrupt priority or interrupt 
enable registers. (No interrupt will be 
serviced after AETI or after a read or write 
to IPO, IP1, lEO, or lEt until at least one 
other instruction has been subsequently 
executed.) 

The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and if the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
Hag was once active but not serviced is not 
remembered. Every polling cycle is new. 

The processor acknowledges an interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It dears the Timer 0, Timer I, and 
external interrupt flags. An external interrupt 
flag (lEO or lEI) is deared only if it was 
transition-activated. All other interrupt flags 

are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the oontents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 

Execution proceeds from the vector address 
until the AETI instruction is enoountered. The 
AETI instruction clears the 'priority level 
active" Hip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bytes from the stack and reloads the 
program counter. Execution of the in
terrupted program continues from where ~ 
was interrupted. 

Note '): If a capture register is unused and it's contents is of no interest, then the oorresponding input pin CTnl/Pl.n (n: 0 ... 3) may be 
used as a (configurable) positive and/or negative edge triggered additional external interrupt input (INT2, INT3, INT4, INT5). 
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Q 

(MSD) (LSD) 

Bit Symbol Function 

IENO.7 EA Global enable/disable contr"ol 
o = No interrupt i. enabled 
1 = Any Individually enabled interrupt will 

be accepted 

IENO.6 EAD Enable ADC interrupt 
IEN).5 ES. Enable Sial (ItC) interrupt 

IENCl.4 ESO Enable SlOO (UART) interrupt 

IENCl.3 En Enable Timer 1lSeconds interrupt 

IENCl.2 EX. Enable ExternBi interrupt 1 

IEND.1 ETD Enable Timer 0 interrupt 

IENO.O EXO Enable External interrupt 0 

lEN. 
lEaH) 

Bit 

IEN1.7 

IEN1.6 

IEN'.5 
IEN'.4 

IEN'.3 

IEN'.2 

lEN ••• 

IEN •. o 

Product specification 

80CE558/83CE558/89CE558 

4 

I ET2 I EC~ ECMl EC~ ECT~ EC~ Ecnl ECTOI 

(MSB) (LSD) 

Symbol Function 

ET2 Enable T2 overflow interrupt(a) 

ECIl.> Enable T2 CDmplll'8.tor 2 Interrupt 

ECII1 Enable T2 comparator 1 interrupt 
ECMl Enable T2 comparator 0 interrupt 

ECT3 Enable T2 capture regis1er 3 interrupt 

ECT2 Enable T2 capture register 2 interrupt 

ECT. Enable T2 capture register 1 interrupt 

ECTD Enable T2 capture register 0 Interrupt 

if the enable bit is 0, then the interrupt is disabled, 

if the- enable bit i. 1, then the interrupt is enabled. 

Figure 20. Interrupt Enable Register (IENO) Figure 21. Interrupt Enable Register (IEN1) 

4 0 

11'0 
(BaH) 

PAD I PST I PSO I PTT I PX1 I PTO I PXO I 
(MSB) (LSD) 

Bit Symbol Function 

IPO.7 Reserved for future use 

IPO.S PAD ADC interrupt priority level 

IPO.S PST Sl01 (l'e) interrupt priority leVel 

IPO.4 PSO 5100 (UART) interrupt priority level 

IPO.3 PT1 Timer 1 interrupt priority level 

IPO.2 PX1 External interrupt 1!Seconds interrupt priority level 

IPO.1 PTO Timer 0 interrupt priority level 

IPO.O PXO Extemal interrupt 0 priority level 

Figure 22. Interrupt Priority Register (I PO) 

Table 8. Interrupt Priority Structure 

SOURCE 

External interrupt 0 
SID 1 (12C) 
ADC completion 
l1mer 0 overflow 
T2 capture 0 
T2 compare 0 
External interrupt 1Iseconds interrupt 
T2 capture 1 
T2 compare 1 
l1mer 1 overflow 
T2 capture 2 
T2 compare 2 
SIOO(UART) 
T2 capture 3 
l1mer T2 overflow 
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(MS8) (LSB) 

Bit Symbol Function 

IPT.7 PT2 T2 oyerilow intenupt(s} priority level 

IP1.6 PCM2 T2 comparator 2 interrupt priority level 

IP1.S PCM. T2 comparator 1 inlerrupt priority Jevel 
IP1.4 PCMO T2 comparator 0 interrupt priority level 

IP1.3 PCT3 T2 capture register 3 interrupt priority level 

IP'.2 PCT2 T2 capture register 2 interrupt priority level 

IP •.• pcn 12 capture register 1 interrupt priority level 

IP •• O PCTO T2 capture register 0 interrupt priority level 

Figure 23. Interrupt Priority Register (IP1) 

NAME PRIORITY WITHIN LEVEL 

(highest) 
XO t 
SI 

ADC 
TO 

CTO 
CMO 

XlISEC 
CTI 
CMl 
Tl 

CT2 
CM2 
SO 

CT3 
T2 J, 

(lowest) 
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Table 9. Interrupt Vector Addresses 
SOURCE NAME VECTOR ADDRESS 

External interrupt 0 XO 0003H 
Timer 0 overflow TO OOOBH 
External intemuptl/seconds intemupt Xl/SEC 0013H 
Timer 1 overflow Tl 00lBH 
SIOO(UART) SO 0023H 
SIOl (12C) Sl 002BH 
T2 capture 0 CTO 0033H 
T2 capture 1 CTl 003BH 
T2 capture 2 CT2 0043H 
T2 capture 3 CT3 004BH 
ADC completion ADC 0053H 
T2 compare 0 CMO 005BH 
T2compare 1 CMl 0063H 
T2 compare 2 CM2 006BH 
T2overflow T2 0073H 

7 6 S 4 3 2 o 

PCON(S7H) ~IS_M_O_D __ ~ ___ A_R_D~ ____ R_FI~~_W_l_E __ L-_G_F_1 __ ~ __ G_FO __ -L __ P_D __ ~ __ ID_L __ ~ 

Bit Symbol 

PooN.7 SMOD 

PCON.6 ARD 

PCON.S RFI 

PCON.4 WLE 

PCON.3 GF1 
PooN.2 GFO 
PCON.1 PD 

PCON.O IDl 

Function 

Double Baud rale bit. When set to logic 1 the baud rate Is doubled 
when the serial pori SIOO is being used In modes 1, 2, or 3. 

AUX-RAM disable bit. When sello a 1 Ihe Internal 768-byle AUX-RAM 
is disabled, so that all MOVX-Instructlons access Ihe external data 
memory - as it Is with the standard PCBSOCS1. 

Reduced radio frequency Interference bit. When selto a 1 the toggling 
of ALE pin Is prohibited. This bit is cleared on RESET (see also sections 
Features (EMC) and Pinning). 

Watchdog load enable. This flag must be set by software prior to 
loading timer T3 (watchdog timer). It Is cleared when timer T3 is 
loaded. 
General-purpose flag bit 
General-purpose flag bit 
Power-clown bit. Setting this bit activates the power-clown mode. 
It can only be set if input ~ is high. 

Idle mode bit. Setting this bit aclivates the idle mode. 

If logic 1s are written to PD and IDl allhe same lime, PD lakes 
precedence. 

Figure 24. Power Conlrol Register (PooN) 
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1.10 Power reduction modes 
Two software·selectable modes of reduced 
power consumption are implemented. These 
are the Idle Mode and the Power-<lown Mode. 

Idle Mode operation permits the interrupt, 
serial ports and timer blocks TO, Tl and T3 to 
function while the CPU is halted. The 
following functions are switched off when the 
microcontroller enters the Idle Mode: 

• CPU 

• Timer 2 

• PWMO, PWMI 

• AOC 

(halted) 

(stopped and reset) 

(reset, output = HIGH) 

(aborted if conversion 
in progress) 

The following functions remain active during 
Idle Mode. These functions may generate an 
interrupt or reset and thus terminate the Idle 
Mode: 

• Timer 0, Timer 1, Timer 3 (Watchdog 
timer) 

• UART 

• 12C 

• External interrupt 

• Second Timer 

In Power·down Mode the system clock is 
halted. If the PLL oscillator is selected 
(SELXTAL 1 = 0) and the RUN32 bit is set, 
the 32 kHz oscillator keeps running, 
otherwise its stopped. If the HF-oscillator 
(SELXTAL1 = 1) is selected, it is freezed after 
setting the bit PO in the PCON register. 

1.10.1 Power Control Register 
The modes Idle and Power-down are 
activated by software via the Special 
Function Register PCON. Its hardware 
address is 87h. PCON is not bit addressable. 
The reset value of PCON is (00000000). 

1.10.2 Idle Mode 
The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. 

The status of external pins during Idle mode 
is shown in Table 10. 

Table 10. External Pin Status During Idle and Power-Down Modes 
MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 PORT 3 

Idle Internal 1 1 data data data data 

Idle External 1 1 high - Z data Address data 

Power-down Internal 0 0 data data data data 

Power·down External 0 0 high - Z data data data 

Status of external pms dUring Idle and Power-down ModeTable 

There are three ways to terminate the Idle 
mode: 

Activation of any enabled interrupt XO, TO, 
Xl, SEC, Tl,SOorSl will cause PCON.Oto 
be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following 
return from interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 toPCON.O. 

The flag bits GFO and GFl may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second way of terminating the Idle mode 
is with an external hardware reset. Since the 
oscillator is still running, the hardware reset is 
required to be active for two machine cycles 
(24 HF oscillator periods) to complete the 
reset operation if the HF oscillator is selected. 

PORT 4 SCUSDA "PWmiiPWJi.IT 

data operative (1) HIGH 

data operative (1) HIGH 

data high-Z HIGH 

data high·Z HIGH 

Note 1): In Idle Mode SCL and SOA can be active as outputs only if SIOl is enabled; if SIOl is disabled (SICON.6/ENSl = 0) these pins 
are in a high-impedance state. 

Figure 25. Idle and Power Down Hardware 
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When the PLL oscillator is selected a 

hardware reset of 2 1 Ilsec is required and 
the microcontroller restarts within 63 msec 
after the reset has finished. 

The third way of terminating the Idle mode is 
by internal watchdog reset. The 
microcontroller restarts after 3 machine 
cycles in all cases. 

1.10.3 Power-down mode 
The instruction that sets PCON.l is the last 
executed prior to going into the Power-down 
mode. Once in Power-down mode. the HF 
oscillator is stopped. The 32 KHz oscillator 
may stay running. The content of the on-chip 
RAM and the Special Function Registers are 
not saved. Note that the Powe;--down mode 
can not be entered when the watchdog has 
been enabled. 

The Power-down mode can be terminated by 
an external RESET in the same way as in the 
80C51 (RAM is saved. SFRs are cleared due 
to RESEl) or in addition by anyone of the 
external interrupts. mm. TlIITf or Seconds 
interrupt. (see description Wake-up from 
Power-down mode) 

The status of the external pins during 
Power-down mode is shown in Table to. If 
the Power-down mode is activated while in 
external program memory. the port data that 
is held in the Special Function Register P2 is 
restored to Port 2. If the data is alogicl. the 
port pin is held HIGH during the Power-down 
mode by the strong pull-up transistor PI (see 
Figure 5) 

1.10.4 Wake-up from Power·down Mode 
The Power-down mode of the 8xCE558 can 

Internal timing stopped 

also be terminated by anyone of the three 
enabled interrupts. mm. TlIITf or Seconds 
interrupt. 

A termination with these interrupts do not 
affect the internal data memory and does not 
affect the Special Function Registers. This 
gives the possibility to exit Power-down 
without changing the port output levels. To 
terminate the Power-down mode with an 
external interrupt. mm or rnrr must be 
switched to be level-sensitive and must be 
enabled. The external interrupt input signal 
mm or TlIITf must be kept LOW till the 
oscillator has restarted and stabilized (see 
Figure 26) in order to prevent any interrupt 
priority problems during wake-up. A Seconds 
interrupt will terminate the Power-down mode 
if enabled and J1ilTf is level sensitive. 
Wake-up time is 60 ms in this case. The 
priority of the desired wake-up interrupt 
should be higher than the priorities of all other 
enabled interrupt sources. The instruction 
following the one that put the device into the 
Power-down mode will be the first one which 
will be executed after the wake-up. 

1.11 Oscillator circuits 
The input signal SELXTAL 1 selects for 
XTAL 1. 2 oscillator (standard 80C51) or the 
PLL oscillator. The not selected oscillator is 
halted and its XTAL pin must be not 
connected. 

1.111 XTAL1,20sciliatorcircuit 
(standard SOCS1) 
The oscillator circuit of the 8xCE558 is a 
single-stage inverting amplifier in a Pierce 
oscillator configuration. The circuitry between 
the XTAL 1 and XTAL2 is basically an inverter 
biased to the transfer point. Either a crystal or 

Cl Cl 

ceramic resonator can be used as the 
feedback element to complete the oscillator 
circuitry. Both are operated in parallel 
resonance. XTAL 1 is the high gain amplifier 
input. and XTAL2 is the output (see Figure 
27). To drive the 8xCE558 extemally. XTAL 1 
is driven from an external source and XTAL2 
left open-circuit (see Figure 28). 

1.11.2 XTAL3, 4 circuitry, PLL oscillator 
See appendix 1 • "Specification PLL oscillator 
for 80C51 derivatives: 

1.12 Reset Circuitry 
The reset input pin RSTIN is connected to a 
Schmitt trigger for noise reduction (see 
Figure 29). Is the HF-oscillator selected a 
reset is accomplished by holding the RSTIN 
pin HIGH for at least 2 machine cycles (24 
system clock periods). Is the PLL-oscillator 
selected the RSTI N-pulse must have a width 

of 1 Ils at least. independent of the 32 kHz
oscillator is running or not (see PLL 
description). The CPU responds by executing 
an internal reset. The RSTOUT pin 
represents the signal resetting the CPU and 
can be used to reset peripheral devices. 

The RSTOUT level also could be high due to 
a Watchdog timer overflow. 

The length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

During reset. ALE and PSEN output a HIGH 
level. In order to perform a correct reset. this 
level must not be affected by extemal 
elements. 

C1 C2 

Power-down mode Idle mode LCALL 

XTAL1,2 oscillator stopped 

32 KHz oscillator stopped 
running 

I oscillator start 

"!''' 
I >S60ms 

"1" 

I 
> 60 ms 

up> 20 ms I 
~I" 

I 
"1 

I 

interrupts are polled 

If\IW : 2 cycles 
IRT1 : 1 cycle 

set External Interrupt latch 

Figure 26. Wake-up by interrupt 
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A reset leves the internal registers as follows: 

REGISTER CONTENT 

ACC 0000 0000 
ADCON xxOO 0000 
ADRSH xxxx xxxx 
ADPSS 0000 0000 
ADRSL0-7 xxxx xxxx 
B 0000 0000 
CMLO-CMl2 0000 0000 
CMHO-CMH2 0000 0000 
CTCON 0000 0000 
CTLO-CTL3 xxxx xxxx 
CTHO-CTH3 xxxx xxxx 
DPL 0000 0000 
DPH 0000 0000 
FMCON OOOx 0000 
IENO 0000 0000 
lEN 1 0000 0000 
IPO xOOO 0000 
IPI 0000 0000 
PCON 0000 0000 
PLLCON 0000 1101 
PSW 0000 0000 
PWMO 0000 0000 
PWMI 0000 0000 
PWMP 0000 0000 
PO-P4 1111 1111 
P5 xxxx xxxx 
RTE 0000 0000 
SOBUF xxxx xxxx 
SOCON 0000 0000 
SIADR 0000 0000 
SICON 0000 0000 
SlOAT 0000 0000 
SISTA 1111 1000 
SP 0000 0111 
STE 1100 0000 
TCON 0000 0000 
THO, THI 0000 0000 
TMH2 0000 0000 
TLO, TLI 0000 0000 
TMl2 0000 0000 
TMOD 0000 0000 
TM2CON 0000 0000 
TM21R 0000 0000 
13 0000 0000 
XRAMP xxxx xxOO 

The internal RAM is not affected by reset. At 
power-on, the RAM content is indeterminate. 

1.13 Power-on Reset 
An automatic reset can be obtained by 
switching on Voo, if the RSTIN pin is 
connected to V DO via a capacitor, as shown 
in Figure 30. Is the H F oscillator selected the 
Voo rise time must not exceed 10 ms and 

the capacitor should be at least 2.2 fJ.F. The 
decrease of the RSTIN pin wltage depends 
on the capacitor and the internal resistor 
RRST. That voltage must remain above the 
lower threshold for at minimum the 
HF-oscillator start-up time plus 2 machine 
cycles. Is the PLLC-oscillator selected a 0.1 
nF capacitor is sufficient to obtain an 
automatic reset. 
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2.0 INSTRUCTION SET 
The 8xCE558 uses the powerful instruction 
set of the PCB80C51. It consists of 49 
single-byte, 45 two-byte and 17 three-byte 
instructions. Using a 16 MHz quartz, 64 of the 

instructions are executed in 0.75 !!S, 45 in 

1,5 /1s and the multiply, divide instructions in 

3/1s. 

A summary of the instruction set is given in 
table 7. 

The 8xC E558 has additional Special Function 
Registers to control the on-chip peripherals. 

2.1 Addressing Modes 
Most instructions have a "destination, source" 
field that specifies the data type, addressing 
modes and operands involved. For all these 

80C51 FAMILY INSTRUCTION SET 

instructions, except for MOVs, the 
destination operand is also the source 
operand (e.g. ADD A,R7). 

There are five kinds of addressing modes: 

• Register Addressing 

RO - R7 (4 banks) 

- A,B,C (bit), AB (2 bytes), DPTR (double 
byte) 

• Direct Addressing 

lower 128 bytes of internal Main RAM 
(including the 4 RO-R7 register banks) 

Special Function Registers 1 

28 bits in a subset of the internal Main 
RAM 

128 bits in a subset of the Special 
Function Registers 

Table 11. 80C51 Instruction Set Summary 

• Register-Indirect Addressing 

- internal Main RAM (@RO, @Rl, @SP 
[PUSH/POP]) 

- internal Auxiliary RAM (@RO, @Rl, 
@DPTR) 

- external Data Memory (@RO, @Rl, 
@DPTR) 

• Immediate Addressing 

- Program Memory (in-code 8 bit or 16 bit 
constant) 

• Base-Register-plus 
Index-Register -I ndirect Addressing 

- Program Memory look-up table 
(@DPTR+A, @PC+A) 

The first three addressing modes are usable 
for destination operands. 

Interrupt Response Tirne: Refer to Hardware Description Chapter. 

Instructions that Affect Flag Settings(l) 

Instruction Flag Instruction Flag 

C OV AC C OV AC 
ADD X X X CLRC 0 
ADDC X X X CPLC X 
SUBB X X X ANL C,bit X 
MUL 0 X ANL C,/bit X 
DIV 0 X ANLC,bit X 
DA X ORL C,Ibit X 
RRC X MOVC,bit X 
RLC X CJNE X 
SETBC 1 

(1)Note that operations on SFR byte address 208 or bit addresses 209-215 (Le., the PSW or bits in the PSW) will also affect flag 
settings. 

Rn 

direct 

@Ri 

#data 

#data 16 

addr 16 

addr 11 

rei 

bit 

Notes on instruction set and addressing modes: 

Register R7-RO of the currently selected Register Bank. 

8-bit internal data location's address. This could be an Internal Data RAM location (0-127) or a SFR [i.e., I/O 
port, control register, status register, etc. (128-255)]. 

8-bit internal data RAM location addressed indirectly through register Rl or RO of the actual register bank .. 

8-bit constant included in the instruction. 

16-bit constant included in the instruction 

16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte 
Program Memory address space. 

It-bit destination address. Used by ACALL and AJMP. The brancl1 will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is -128 to 
+ 127 bytes relative to first byte of the following instruction. 

Direct Addressed bit in Internal Data RAM or Special Function Register. 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 11. 80C51 Instruction Set Summary (Continued) 

MNEMONIC DESCRIPTION BYTE CYCLES 

ARITHMETIC OPERATIONS 

ADD A,Rn Add register to Accumulator 1 1 

ADD A,direct Add direct byte to Accumulator 2 1 

ADD A,@Ri Add indirect RAM to Accumulator 1 1 

ADD A,#data Add immediate data to Accumulator 2 1 

ADDC A,Rn Add register to Accumulator with carry 1 1 

ADDC A,direct Add direct byte to Accumulator with carry 2 1 

AD DC A,@Ri Add indirect RAM to Accumulator with carry 1 1 

ADDC A,#data Add immediate data to Ace with carry 2 1 

SUBB A,Rn Subtract Register from Ace with borrow 1 1 

SUBB A,direct Subtract direct byte from Acc with borrow 2 1 

SUBB A,@Ri Subtract indirect RAM Irom Ace with borrow 1 1 

SUBB A,#data Subtract immediate data from Ace with borrow 2 1 

INC A Increment Accumulator 1 1 

INC Rn Increment register 1 1 

INC direct Increment direct byte 2 1 

INC @Ri Increment indirect RAM 1 1 

DEC A Decrement Accumulator 1 1 

DEC Rn Decrement Register 1 1 

DEC direct Decrement direct byte 2 1 

DEC @Ri Decrement indirect RAM 1 1 

INC DPTR Increment Data Pointer 1 2 

MUL AB Multiply A and B 1 4 

DIV AB Divide A by B 1 4 

DA A Decimal Adjust Accumulator 1 1 

LOGICAL OPERATIONS 

ANL A,Rn AND Register to Accumulator 1 1 

ANL A,direct AND direct byte to Accumulator 2 1 

ANL A,@Ri AND indirect RAM to Accumulator 1 1 

ANL A,#data AND immediate data to Accumulator 2 1 

ANL direct,A AND Accumulator to direct byte 2 1 

ANL direct,#data AND immediate data to direct byte 3 2 

ORL A,Rn OR register to Accumulator 1 1 

ORL A,direct OR direct byte to Accumulator 2 1 

ORL A,@Ri OR indirect RAM to Accumulator 1 1 

ORL A,#data OR immediate data to Accumulator 2 1 

ORL direct,A OR Accumulator to direct byte 2 1 

ORL direct, #data OR immediate data to direct byte 3 2 

XRL A,Rn Exclusive-OR register to Accumulator 1 1 

XRL A,direct Exclusive-OR direct byte to Accumulator 2 1 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 11. 80C51 Instruction Set Summary (Continued) 
MNEMONIC DESCRIPTION BYTE CYCLES 

LOGICAL OPERATIONS (Continued) 

XRL A,@Ri Exclusive-OR indirect RAM to Accumulator 1 1 

XRL A,#data Exclusive-OR immediate data to Accumulator 2 1 

XRL direct,A Exclusive-OR Accumulator to direct byte 2 1 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 

CLR A Clear Accumulator 1 1 

CPL A Complement Accumulator 1 1 

RL A Rotate Accumulator left 1 1 

RLC A Rotate Accumulator left through the cany 1 1 

RR A Rotate Accumulator right 1 1 

RRC A Rotate Accumulator right through the carry 1 1 

SWAP A Swap nibbles within the Accumulator 1 1 

DATA TRANSFER 

MOV A,Rn Move register to Accumulator 1 1 

MOV A,direct Move direct byte to Accumulator 2 1 

MOV A,@Ri Move indirect RAM to Accumulator 1 1 

MOV A,#data Move immediate data to Accumulator 2 1 

MOV Rn,A Move Accumulator to register 1 1 

MOV Rn,direct Move direct byte to register 2 2 

MOV RN,#data Move immediate data to register 2 1 

MOV direct,A Move Accumulator to direct byte 2 1 

MOV direct,Rn Move register to direct byte 2 2 

MOV direct,direct Move direct byte to direct 3 2 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 

MOV direct,#data Move immediate data to direct byte 3 2 

MOV @Ri,A Move Accumulator to indirect RAM 1 1 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 

MOV DPTR,#data16 Load Data Pointer with a 16-bit constant 3 2 

MOVC A,@A+DPTR Move Code byte relative to DPTR to Ace 1 2 

MOVC A,@A+PC Move Code byte relative to PC to Ace 1 2 

MOVX A,@Ri Move external RAM (8-bit addr) to Ace 1 2 

MOVX A@DPTR Move external RAM (l6-bit addr) to Ace 1 2 

MOVX A,@Ri,A Move Ace to external RAM (8-bit addr) 1 2 

MOVX @DPTR,A Move Ace to external RAM (16-bit addr) 1 2 

PUSH direct Push direct byte onto stack 2 2 

POP direct Pop direct byte from stack 2 2 

XCH A,Rn Exchange register with Accumulator 1 1 

XCH A,direct Exchange direct byte with Accumulator 2 1 

XCH A,@Ri Exchange indirect RAM with Accumulator 1 1 

XCHD A,@Ri Exchange low-order digit indirect RAM with Ace 1 1 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 11. 80C51 Instruction Set Summary (Continued) 

MNEMONIC DESCRIPTION BYTE CYCLES 

BOOLEAN VARIABLE MANIPULATION 

CLR C Clearcany 1 1 

CLR bit Clear direct bit 2 1 

SETB C Set carry 1 1 

SETB bit Set direct bit 2 1 

CPL C Complement carry 1 1 

CPL bit Complement direct bit 2 1 

ANL C,bit AND direct bit to carry 2 2 

ANL C,lbit AND complement of direct bit to carry 2 2 

ORL C,bit OR direct bit to carry 2 2 

ORL C,lbit OR complement of direct bit to carry 2 2 

MOV C,bit Move direct bit to carry 2 1 

MOV bit,C Move carry to direct bit 2 2 

JC rei Jump if carry is set 2 2 

JNC rei Jump if carry not set 2 2 

JB rei Jump if direct bit is set 2 2 

JNB rei Jump if direct bit is not set 2 2 

JBC bit,rel Jump if direct bit is set and dear bit 3 2 

PROGRAM BRANCHING 

ACALL addrll Absolute subroutine call 2 2 

LCALL addr16 Long subroutine call 3 2 

RET Return from subroutine 1 2 

RETI Return from interrupt 1 2 

AJMP addrl1 Absolute jump 2 2 

LJMP addr16 Long jump 3 2 

SJMP rei Short jump (relative addr) 2 2 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 

JZ rei Jump if Accumulator is zero 2 2 

JNZ rei Jump if Accumulator is not zero 2 2 

CJNE A,direct,rel Compare direct byte to Aee and jump if not 3 2 
equal 

CJNE A,#data,rel Compare immediate to Ace and jump if not 3 2 
equal 

CJNE RN,#data,rel Compare immediate to register and jump if not 3 2 
equal 

CJNE @Ri,#data,rel Compare immediate to indirect and jump if not 3 2 
equal 

DJNZ Rn,rel Decrement register and jump if not zero 2 2 

DJNZ direct,rel Decrement direct byte and jump if not zero 3 2 

NOP No operation 1 1 

All mnemonics copyrighted © Intel Corporation 1980 
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3.0 FLASH EEPROM 

3.1 General 
• 32 kbyte electrically erasable interal 

program memory with Block-and 
Page-Erase option ("Flash Memory"). 

• Internal fixed boot ROM. 

• Up to 32 kbyte external program memory 
in combination with the internal 
FEEPROM (EA~ 1 ). 

• Up to 64 kbyte external program memory 
if the internal program memory is 
switched off (EA~O). 

The FEEPROM can be read and written 
byte-wise. Full Erase. Block Erase, and Page 
erase will erase 32 kbyte, 256 bytes and 32 
bytes respectively. In-circuit programming 
and out-of-circuit programming is possible. 
On-chip erase and write timing generation 
and on chip high voltage generation 
contribute to a user friendly interface. 

3_2 Features 
Read: byte-wise 

• Write: byte-wise within 2.5 ms. 
(previously erased by a 
page, block or full erase). 

• Erase: Page Erase (32 bytes) within 
5 ms. Block Erase (256 
bytes) within 5 ms. Full 
Erase (32 kbyte) within S 
ms. Erased bytes contain 
FFH. 

Endurance: 100 erase and write cycles 

each byte at T amb = 22°C 

Retention: 10 years 

Out-of-circuit programming· 
Parallel programming with 
87C51 compatible hardware 
Interface to programmer. 

In-circuit programming: 
Serial programming via 
RS232 interface under boot 
ROM program control. Auto 
baud rate selection. Intel 
Hex Object file Format. 

The user program can call routines in the 
boot ROM for erase, write and verify of 
the FEEPROM. 

High programming voltage generation: 
on chip 

Zero point on-chip oscillator and timer to 
generate the write and erase ti me 
durations. 

Programmable security for the code in 
the FEEPROM to prevent software 
piracy. The Security Byte is located in 

the highest address (7FFFH) of the 
FEEPROM. 

Supply voltage monitoring circuit on-chip 
to prevent loss of information in the 
FEEPROM during power-on and 
power-off. 

3.3 Memory map 
Figure 31 shows the memory map of the user 
program memory and the boot ROM. They 
are located in the same program address 
space. Two bits UBSI and UBSO of the 
FEEPROM control special function register 
FMCON select between the two memory 
blocks. 

User program memory selection 
If UBS1 and UBSO are both 0, then the user 
program memory is mapped into the 64k 
program memory space and the boot ROM 
cannot be selected. This is the situation after 
a reset when !'"SEN and ALE have not been 
pulled down during reset. Program execution 
starts at OOOOH in the internal FEEPROM or 
in the external program memory dependent 
on the level of Ell" during reset. 

Boot ROM selection 
If UBSI and UBSO are both 'I' then the boot 
ROM is mapped into the 64k program 
memory space and the user program memory 
cannot be selected. This is the situation after 
a reset when during reset !'"SEN and Ell" are 
pulled down while ALE stay high. Program 
execution starts at OOOOH of the boot ROM. 
The boot ROM size is 1 kbyte and its address 
map is repeated after each 1 k addresses. 
Besides serial the in-circuit programming 
routines the Boot ROM contains the routines 
for erase write and verify of the FEEPROM 
which can be called by the user program 
(LJMP/LCALL to the address space between 
63k and 64k). 

Switching between User program memory 
and boot ROM 
Switching between user program memory 
(internal or external) and boot ROM is 
possible if UBS 1 and U BSO are 0,1 or I,D. 
Then in the program memory address space 
between 0 and 63k the user program memory 
is selected and in the memory space 
between 63k and 64k the boot ROM is 
selected. 

To switch from user program memory to boot 
ROM first UBSO must be set (UBSI stay 0) 
and a jump or call instruction to a location 
>63k must be executed. At the moment of 
crossing the 63k address border by a call or 
jump instruction the switching between user 
and boot memory is performed without timing 
problems. 
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To switch from boot ROM to user program 
memory the boot program will be running 
between 63k and 64k. UBSI is set and UBSO 
is deared and a jump or return instruction to 
a location <63k must be executed. At the 
moment of crossing the 63k address border 
by a jump or return instruction the switching 
from boot ROM to user memory (internal or 
external) is performed. After crossing the 63k 
address border UBSI is immediately cleared 
by hardware and the total 64k memory space 
is mapped as user program memory. By 
clearing UBSI by hardware, no special 
requirements to the user program are 
necessary to do that after a boot routine or 
erase or write routine. 

A small restriction for memory switching is 
that no memory switching is allowed from or 
to the address space between 63k and 64k of 
the user program memory because the UBS 
bits must stay 0 in this range and no 63k 
address crossing would take place. This 
restriction can be avoided if the memory 
switching is always done by a subroutine in 
the address range between 0 and 63k. 

Description 
The user program code in the FEEPROM is 
executed as in the standard BOCSI 
microcontroller. Erase and write cycles in the 
FEEPROM are always performed under 
control of the boot program in the boot ROM 
in the address space between 63k and 64k. 
Address and data parameters are passed via 
DPTR and accumulator A respectively. 
During an erase or write cycle in the 
FEEPROM no other access or program 
execution in the FEEPROM is possible. All 
interrupts must be disabled when the user 
program calls a user routine in the boot ROM. 

The boot routine for serial programming takes 
care of addressing, data transfer, 
blank-check, verify, high voltage control, error 
message, interrupt disabling/enabling and 
return to the user program memory. It also 
contains the serial communication routine. 

The FEEPROM control register FMCON is a 
special function register. It contains the 
control bits for verify, write, erase and boot 
ROM switching. 

FMCON 
(FBH) 

Note 1): Reserved for future use; a 

write operation must write "0" to the 
location 
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External 
Program 
lIemooy 

(EAN=O) 

64k .------.,..-'---

63ft 1-_____ _ 

External 
Program 
lIemooy 

(EAN=X) 

32k 1-____ -1 
7FFFH Security 

Byte 

-------
Internal 
Program 
Memory 

(EAN=I) 

1.1 

o L-_____ ..L __ _ :l=~=r o BTROM _____ _ 

USER PROGRAM MEIIORY BOOTITEST ROM 

I X,XI = UBS1, UBSO User-Boot selection bits 

UBS1 Is cleared by hardware If program Is executed below the 63k border and UBSO=O. 
In the program execution between 63k and 64k in the user program no call or jump to the BTROM 
Is allowed. 

USER MODE BOOT MODE 

RST _---'I \ ...... _- \ ...... _-

\'-----

INTERNAL 

EXTERNAL 

UBS1,UBSo 0,0 1,1 

Start at OOOOH In user program Start at OOOOH in BTROM 

Figure 31. Program memory map and operation modes 
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UBS1 UBSO User· Boot selection bits 

0 0 User memory mapped from 0 to 64k 

0 1 User memory mapped from 0 to 63k 
Boot ROM mapped from 63k to 64k 

1 0 User memory m;:rged from 0 to 63k, but UBSI bit cleared by hardware in this user address range. 
Boot ROM mappe from 63k to 64k. 

1 I Boot ROM mapped from 0 to 64k. 

HV High voltage Indication bit. Read only. Is I as long as the high voltage for an erase or write opera
tion is present. 

FCB3 FCB2 FCB1 

0 0 0 

0 I 0 

I I 0 

0 0 1 

1 0 1 

The four FCB bits are by write protected if the 
security feature is activated. Then only 
instructions in the internal program memory 
(FEEPROM) are able to write FCB3-0, boot 
ROM and external program memory 
instructions cannot change FCB3-O except 
the full erase code can be loaded. 

The duration of a write or erase operation is 
determined by the FEEPROM timer. This 
timer includes a zero point RC oscillator and 
cannot be controlled by software. 

For calling a user routine in the Boot ROM 
first all interrupts must be disabled and the 
DPTR and A have to be loaded with the 
desired values. After setting UBSO = I and 
UBSI = 0 and selecting the function via 
FCB-bits the respective user routine will be 
called. 

The table below lists the boot ROM user 
routines, which can be called by the user 

FCBO Funcllon Code Bits 

0 Value aiter reset. 

I Byte Write or byte read (verify) 

0 Page Erase (32 byte boundaries). 

I Block Erase (256 byte boundaries). 

0 Full Erase (32k byte). 

program. The content of FMCON, A and 
DPTR before calling is by (IN) and by (OUT) 
after described return. The boot ROM user 
routines do not change other registers or 
Data memory. 

X = don't care or not defined 
V = verified byte (read back) 
I) = S LSB's of DPTR are don't care 
2) = S LSB's of DPTR are "0" 
3) = 8 LSB's of DPTR are don't care 
4) = 8 LSB's of DPTR contain 08H. 

Example of user software (internal or 
external) that calls the Page Erase routine in 
the boot-ROM to erase a page in the 
FEEPROM (32 bytes) starting at address 
location I 260H. 

CLR EA ; Disable all interrupts 

MOV DPTR, # 1260H ; Load page-address 

MOV FMCON, # 4CH ; Load Page-Erase 
code 

LCALL OFFAAH ; Call Page-Erase 
routine 

; in boot-ROM (5 ms) 

SETB EA ; Enable interrupts again 

Example of user software (internal or 
external) that calls the Byte-Write routine in 
the boot-ROM to write the content of RS into 
the FEE PROM address location 1263H. 

CLK EA ; Disable all interrupts 

MaV DPTR, # 1263H ; Load byte address 

MaV A, RS ; Load byte to be 
written 

MOV FMCON, # 4SH ; Load byte-write code 

LCALL OFFADH ; Call byte-write 
routine 
; in boot-ROM (2.5 ms) 

SETB EA ; Enable interrupts again 

XRL A, RS ; Compare the 
"read-back" byte 

JNZ ; Jump if verify error 

BOOT·ROM ROU· CALL FMCON FMCON A A DPTR DPTR 
TINE ADDRESS (IN) (OUT) (IN) (OUT) (IN) (OUT) 

BYTE READ FFBAH 4SH ISH XXH BYTE BYTE ADDRESS BYTE ADDRESS 

BYTE WRITE FFADH 4SH ISH BYTE BYTE (V) BYTE ADDRESS BYTE ADDRESS 

PAGE ERASE FFAAH 46H 16H XXH 08H PAGE ADDRESS 1) PAGE ADDRESS 2) 

BLOCK ERASE FFASH 43H 13H XCXH 02H BLOCK ADDRESS 3) BLOCK ADDRESS 4) 

FULL ERASE FFAOH 4AH IAH XXH OAH XXXXH OOl8H 
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3.4 Security 
The security feature protects against software 
piracy and prevents that the content of the 
FEEPROM can be read undesirable. The 
Security Byte is located in the highest 
address location 7FFFH of the FEEPROM 
and is the same as all other bytes of the 
FEEPROM. 

The Security Byte should be 0101 OooOB to 
activate and ooH or FFH to activate the 
security feature. This security code is chosen 
in such a way that single bit failures will not 
change the security mode. 

I! the security feature is deactivated, then 
there are no access restrictions to the 
FEEPROM. 

If the security feature is activated, then the 
extemal program memory has no access to 
the FEEPROM with the MOVC instructions. 
Also bits FCB3-0 of FMCON cannot be 
written by external program code or boot 
ROM code. This prevents in-circuit 
programming and verification. Only the Full 
Erase code can be written to FCB0-3 of 
FMCON. At the end of a full erase operation 
the security feature is deactivated. Also 
parallel programming and verify is inhibited if 
the security feature is activated, only a full 

DON'T CARE 

1 

1 

0 

4~M~ * 

erase is possible. Note that the security mode 
does not change immediately when the 
security code is written into the security byte 
7FFFH, but after a reset or power-on. This 
allows the verification of the loaded code in 
the FEEPROM, including the Security Byte. 

3.5 Parallel programming 
Unlike standard EPROM programming, no 
high programming supply voltage must be 
applied to the ~ pin and only one 
programming pulse must be applied to the 
ALEIWE pin. The parallel programming 
mode is entered with the steady signals 
RST=1, PSEN=O, ~=1 andSELTAL1 = 1. 
The XTAL 1, 2 clock must have a frequency 
between 4 and SMHz. The following table 
shows the logic levels for programming, 
erasing, verifying and read signature. 

MODE ALEIWE P2.7 P2.6 Pl.7 P3.6 

Full erase '-' 0 

Program 
FEEPROM Ls- 0 

Verifiy 
FEEPROM 0 0 

Read 
signature 0 0 0 0 

r-. 
voo 

/1 

Pl PO 
v " 

RSTIN EX 

P3.& ALEIWE 

P3.7 89CE558 PSER 

XTAL2 P2.7 

t- P2.6 

ALEIWE Write Enable signal 
(program/erase), active low 

P2.S, P2.7, P3.S, P3.7 
output enable signal for 
verify/read modes, active low 

Data and address bits: 

PO.O-PO.l: DO - 07 Program data input/ 
verify or read data 
output 

P1.O-P1. : AO - A7 Input low order address 
bits. 

P2.O-P2.5, P3.4 : A8 - A 14 Input high order 
address bits. 

The 89CE558 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
These bytes are read by the same procedure 
as for a normal verification of locations 30H 
and 31 H, except that P3.S and P3.7 need to 
be pulled to LOW. 

ADDRESS CONTENT MEANING 

30H 15H Philips 
31H B5H 89CE558 

The 89CE558 has a Security Byte in location 
7FFFH (the highest address) of the 
FEEPROM, which should be programmed to 
01010oo0B to activate the security feature . 

..sV 

DON'T CARE 

1 

5 malOW PULSE 

0 

1 

1 

T ~ 

XTAL1 P2.O-P2.5 DON'T CARE 
'J --- Vss P3.4 DON'T CARE 

-==--
Figure 32. Erase Configuration 
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Figure 33. Programming Configuration 
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Figure 34. Program Verification 

FEEPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tamb = -40°C to +85°C Voo = 5V+l0% Vss = OV (See Figure 35) -

SYMBOL PARAMETER MIN MAX UNIT 

l/lcLCL Oscillator frequency (standard oscillator) 4 6 MHz 

IAVWL Address setup to WE LOW 48IcLCL -

tWHAX Address hold after WE HIGH 48IcLCL -

IovwL Data setup to WE LOW 48IcLCL -

tWHOX Data hold after WE HIGH 48lcLcL -
tEHWL P2.7 (Emrn[E) HIGH to WE LOW 48IcLCL -
tWHEL WE HIGH to P2.7 (ENASEE) LOW 48lcLcL -

tWLWHp WE width (programming) 2.25 2.75 ms 

tWLWHe WEwidth (erase) 4.5 5.5 ms 

tAVOV Address to data valid - 48lcLcL 

'ELQV P2.7 {EfJJrn[E)" Low to data valid - 48lcLCL 

'EHOZ Data float aller P2.7 ("EflABI:EJ HIGH 0 48lcLCL 
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PROGRAMMING·/Erase· VERiACATlON' 

ADDRESS (progranvning) ADDRESS 

""" / P1.O-P1.7 
P2.1H'2.S 

P3.4 - I ..... fc-

PORT D.D-PO.7 

ALEIWE 

P2.7 
ERJ(B[E 

....... 

I .1 <: DATA IN (prOgraming):> 

H ....... ~ --cO ,-,'I--
i-- to ..... -Jo f4- ...... --00 

\ If 
1-

... ~:::: 

1---- ........ 

'FOR ERASE CONDITIONS SEE FIGURE 32, 
FOR PROGRAM CONDITIONS SEE FIGURE 33. 
FOR VERIFY CONDITIONS SEE FIGURE 34. 

DATA OUT 

tELQ~ Ia.az 

~ 
I 

Figure 35_ FEEPROM Programming/Erase and Verification Waveforms 

3,6 Serial programming of 
FEEPROM 
Serial in-circuit programming (boot-made) is 
entered if during and after RESET PSEN and 
EA are pulled down. PSEN via a resistor of 2 
kOhm to VSS. The two UBS bits are set to 1 
by hardware and program execution starts at 
ooooH of the boot ROM. P3.0 (RXD) and 
P3.1 (TXD) form the serial RS232 interface. 
A baud rate of 4800 or 9600 Baud is possible 

after reset (JlC clock is 11.01 MHz) if the PLL 
oscillator is selected. The receive and 
transmit channel have the same baud rate. 
The boot routine inputs the Intel Hex Object 
Format. The baud rate will be selected 
automatically after reception of the first 
character (:) of the object file. No other 
characters are allowed to preceed the first (:) 
character. Programming is only started if the 
first received record has the right type 
indication (TT). If the security feature is 
activated then the programming starts with a 
Full Erase. otherwise only the addressed 
pagels) will be erased and the not alterated 
bytes are rewritten. During the erase or write 
operation the next string of bytes can be 
received. Xon and Xoff handshake codes are 
used to control the serial transfer. At the end 

of the programming a message that indicates 
a successful Dr not successful programming. 
will be returned over the RS232 interface 
channel. If the programming was successful 
then the user program can be started up at 
OooOH in FEEPROM by a reset for user 
mode (Eli: ~ high. PSEN not affected). If the 
programming was not successful the boot 
program halls and a retry can be started by a 
reset for the boot mode. 

3_6 Boot Routine 
The boot routine transmits the next "one 
ASCII character" messages via the RS232 
interface: 

After each record type n ~ ooH 
indication in the HEX file. 

" X" Checksum error of a record in the HEX 
fi Ie detected. 

.. y" Wrong record type received 

" Z .. Buffer overflow error (Check Xon/Xoff 
of terminal) 

.. R" Verification error (of last written byte) 

" V .. End record received and programming 
of FEEPROM was successful 

857 

No messages are transmitted if the baud rate 
of the first character (:) can not be detected. 

The boot routine can also be started by the 
internal or external user program (LJMP 
FC07H). FMCON must be loaded previously 
with 40H. Interrupt registers. stack pointer. 
Timer 0, UART. P3.0 and P3.1 must be in the 
reset state. EA and PSrn must not be 
affected. A reset is needed to restart the user 
program after programming. 

The next baudrates will be detected 

automatically within the specified JlC clock 
range in MHz. 

Baudrate fCLK (min) fCLK (max) 

1200 1 1) 3.6 

2400 2 1) 7.3 

4800 4 19.7 11) 

9600 7.9 29.5 1) 

19200 15.7 59 1) 

Note 1): value outside the specifed 
clock range 

Note that the boot routines can (re) program 
any number of bytes from 1 byte to 32k 
bytes. independent in which order or at which 
location. 
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AUOTHER { 
PINS ARE 
DON'T 
CARE 

0---> 
~ 

L 
32,768 KHz = 

L -

1) Alternative XTAL 1,2 may be selected {SELTAll = 1) 

RST 

SELTAL1 

XTAl3 

1) 

XTAL4 

.5V 

J 
VDO 

Ell: 

89CE558 

P3.0/RxD 

P3.1ITxD 
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PSER ~ 

Vss Ell: 

...L 

Figure 36, Serial programming (bool mode) Configuration 

1 

} 
RS232 
interface 

output of ALE pulses 

I 
I 

NOTE: In the following, each letter corresponds to one hexadecimal digit in ASCII representation (the digits 0 through 9, and the letters A 
through F), 

Definitions: 
Record start character AAAA Load address in hexadecimal 

BC Byte Count. The hexadecimal 
of first data byte in this record. 

number of data bytes in the 
TT Record type. The record type record. This may theoretically 

be any number from 0 to 255 is 00 for data records and 01 

pre feria deal with 16 data for the end record. 

bytes per record (as shown in 
the example below). HH One hexadecimal data byte. 

Construction of data records (using the notation defined above) is as follows: 

::BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 

::BCAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 

CC Record checksum. This is the 
2's complement of the 
summation of all of the bytes 
in the record from the byte 
count through the last data 
byte. While the summation is 
calculated, it is always 
truncated to a one byte result. 
Thus, if all of the bytes in the 
record are summed, including 
the checksum itself, the result 
will always be 00 if the record 
is valid. 

The last record in a file is the end record and contains no data. Usually the end record will appear as shown in the first example below. However, 
in some cases a 16 bit checksum of all of the data bytes in the entire file may be inserted in the address field of the end record. This checksum 
would correspond to one generated by an EPROM programmer during file load, and its inclusion does not violate the rules for this format. This is 
shown in the second example. 

:00000001 FF 

:00B12C0122 

Successive hex records need not appear in sequential address order. For instance, a record for address 0000 might appear after a record for 
address 7FEO. All of the bytes in a single record, however, must be in sequence. Any characters that appear outside of a record (i.e. after a 
checksum, but before the next ":") should be ignored, if present. 

An example of a valid hex file follows: 

:1001 0000C2FOE53030E704F404D2F08531 F030F786 

:100110000763FOFF05FOB2F0A430FOOA63FOFFF4DB 

:OCO 120002401500205F085F032F5332276 

:00000001 FF 
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4.0 LIMITING VALUES 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range -65 to + 150 °c 

Voltage on VDD to Vss -0.5 to +6.5 V 

Voltage on any other pin to V 58 -0.5 to Vdd + 0.5 V 

Power dissipation (based on package heat transfer limitations, not device power 1.0 W 
consumption) 

NOTES: 
1.Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2.This product includes circuitry specifically designed for the protection of its intemal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions are taken to avoid applying greater than the rated maxima. 

3.Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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5_0 DC CHARACTERISTICS 

DC ELECTRICAL CHARACTERISTICS 
Voo - 5V (+ 10%) Vss = OV Tamb = OOC to +70oC (8xCE558EBx) All voltages with respect to Vss unless otherwise specified - -

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Voo Supply voltage 4.5 5.5 V 

IDO Supply current operating: See notes 1 and 2 
89CE558 ICLK = 16MHz 50 rnA 
83CE558 Voo=5.5 V 40 rnA 

liD Idle mode: See notes 1 and 3 
89CE558 ICLK = 16MHz 10 rnA 
83CE558 VDO = 5.5 V 8 rnA 

IpD Power-down current See note 4 
2V < VPD < VOOmax 100 IlA 

Inputs 

VIL Input lOW voltage, except 8\", SCl, SOA .{l.5 0.2Voo-0.l V 

VIL1 Input lOW voltage to 8\" -0.5 0.2Voo-0.3 V 

VIL2 Input lOW voltage to SCl, SOA 5 .{l.5 0.3VDO V 

VIH Input HIGH voltage, except XTAll, RST, SCl, SOA 0.2VOD+0.9 VoD+0.5 V 

VIH1 Input HIGH voltage, XTAll, RST 0.7Voo Voo+0.5 V 

VIH2 Input HIGH voltage, SCl, SOA 5 0.7Voo 6.0 V 

IlL Input current lOW level, Ports 0, 1, 2, 3, 4 VIN = 0.45V -50 IlA 
ITL Transition current HIGH to lOW, Ports 0, 1, 2, 3, 4 See note 6 -650 IlA 
±111l Input leakage current, Port 0, 8\", AOEXS, EW 0.45V < VI < Voo 10 IlA 

±IIL2 Input leakage current, SCl, SOA 
OV <VI<6V 

10 IlA ov < Voo < 5.5V 

±IIL3 Input leakage current, Port 5 0.45V < VI < Voo 1 IlA 
Outputs 

VOL Output low voltage, Ports 1, 2, 3, 4 IOL = 1.6mA 7,17 0.45 V 

VOll Output low voltage, Port 0, ALE, !'SEN, PWIiilO', IOL = 3.2mA 7,17 0.45 V 
PWm 

VOL2 Output low voltage, SCL, SOA IOL = 3.0mA 7,17 0.4 V 

VOH Output high voltage, Ports 1, 2,3,4 Vllll=5V±10% 

-loH = 601lA 2.4 V 

-loH = 251lA 0.75Voo V 

-loH = 101lA 0.9VOD V 

VOH1 Output high voltage (Port 0 in external bus mode, ALE, VDo=5V±10% 
!'SEN, RST, PWIiilO', PWm) 8 -loH = 8001lA 2.4 V 

-loH = 3001lA 0.75VOD V 

-loH = BOllA 0.9VDD V 

RRST Internal reset pull-down resistor 50 150 kil 

CIO Pi n capacitance Test Ireq = 1 MHz, 10 pF 
Tamb = 25°C 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Voo; 5V (± 10%), Vss = OV, Tamb; _40°C 10 +8Soc (8xCE558EFx). DC parameters not included here are the same as in the 8xCE558EBB, 
DC electrical characteristics 
All voltages with respect 10 Vss unless othelWise specified 

SYMBOL PARAMETER 

Inputs 

Vil Input LOW voltage, except 81:, SCL, SDA 

VIL1 Input LOW voltage to 81: 

VIH Input HIGH voltage, except XTAL I, RST, SCL, SDA 

VIHI Input HIGH voltage, XTAL1, RST 

III Input current LOW level, Ports I, 2, 3, 4 

ITl Transition current HIGH to LOW, Ports I, 2, 3, 4 

DC ELECTRICAL CHARACTERISTICS ANALOG 
AVoo ; 5V (± 10%), AVss ; OV, Tamb; O°C to +70°C (8xCE558EBx). 

AVoo ; 5V (± 10%), AVss ; OV, Tamb; -40oC to +85°C (8xCE558EFx). 
All voltages with respect to Vss unless othelWise specified 

SYMBOL PARAMETER 

AVDD Analog supply voltage 

Aloo Analog supply current 

AI IO Idle mode 

AI po Power-down mode 

Analog Inpuls 

AVIN Analog input voltage 

AVREF Reference voltage: 
AVREF. 

AVREF+ 

RREF Resistance between AVREF+ and AVREF. 

CIA Analog input capacitance 

DL" Differential non-linearity9,1o,11, 

IL" Integral non-linearity 9, 12 

Os., Offset error 9,13 

G. Gain error 9, 14 

A. Absolute voltage error 9,15 

MeTe Channel to channel matching 

C, Crosstalk between inputs of port 5 16 

861 

TEST 

CONDITIONS 

VIN; O.45V 

See note 6 

TEST 

CONDITIONS 

AVoo. Voo ± 0.2V 

Port 5 ; 0 to AVoo 
see note 19 

see note 18 

2V < AVpo < AVoo 
see note 18 

()"100kHz 

UMITS 

MIN MAX UNIT 

-0.5 O.2Voo-0.15 V 

-0.5 O.2VDr,O.35 V 

0.2VDD+l.0 Voo+0.5 V 

O·7Voo+D.l Voo+0.5 V 

-75 J.IA 
-750 J.IA 

UMITS 

MIN MAX UNIT 

4.5 5.5 V 

1.2 mA 

50 J.IA 
50 J.IA 

AVss-O·2 AVoo+0.2 V 

AVss-O·2 V 
AVoo+0.2 V 

10 50 kil 

15 pF 

±1 LSB 

±2 LSB 

±2 LSB 

±0.4 % 

±3 LSB 

±1 LSB 

-GO dB 



Philips Semiconductors Products Product specification 

Single-chip 8-bit microcontroller 80CE558/83CE558/89CE558 

NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1.See Figures 37 and 39 through 41 for IDO test conditions. 

2.The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = ~ = 5ns; Vil = Vss + 0.5V; VIH = Voo - 0.5V; XTAL2 not connected; 
81: = RST = Port 0 = EW = SCL = SDA = Voo; ADEXS = Vss· 

3. The idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tf = 5ns; Vil = Vss + 0.5V; VIH = Voo - 0.5V; XTAL2 not connected; 
Port 0 = EW = SCL = SDA = SELXTAL 1 = Voo; 8'i = RST = ADEXS = Vss. 

4.The power-down current is measured with all output pins disconnected; 
XTAL2 not connected; Port 0 = EW = SCL = SDA = SELXTAL 1 = Voo; 81: = RST = ADEXS = XTAL 1 = Vss. 

5.The input threshold voltage of SCL and SDA (5101) meets the 12C specification, so an input voltage below 0.3 Voo will be recognized as a 
logic 0 while an input voltage above 0.7 Voo will be recognized as a logic 1. 

6.Pins of ports 1, 2, 3, and 4 source a transition current when they are being externally driven from HIGH to LOW. The transition current reaches 
its maximum value when VIN is approximately 2V 

7.Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Val of ALE and ports 1,3 and 4. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0 transitions during bus operations. In the 
worst cases (capacitive loading> 100pF), the noise pulse on the ALE pin may exceed 0.8V In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

8.Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 

9.Conditions: AVREF. = OV; AVoo = 5.0V, AVREF+ = 5.12V. Voo= 5.0V, Vss = OV, ADC is monotonic with no missing codes. Measurement by 
continuous conversion of AVIN = -20mV to 5.12V in steps of 0.5mV, derivating parameters from collected conversion results of ADC. ADC 
prescaler programmed according to the actual oscillator frequency, resulting in a conversion time within the specified range for Iconv (15!ls ... 

SOilS). 

10. The differential non-linearity (D4) is the difference between the actual step width and the ideal step width. 

11. The ADC is monotonic; there are no missing codes. 

12. The integral non-linearity (IL.) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 

13. The offset error (OS.) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 

14. The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. 

15. The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the ideal transfer curve. 

16. This should be considered when both analog and digital signals are simultaneously input to port 5. 

17. Under steady state (non-transient) conditions, IOl must be externally limited as follows: 
Maximum 10l per port pin: 10 rnA 
Maximum 10l 8-bit port -

PortO: 26 rnA 
Ports 1,2,3 and 4 : 15 rnA 

Maximum totallol for all output pins : 86 rnA 

If IOl exceeds the test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

18.AIID is measured with SELXTAL1 = Voo. 

19. AIID and Alpo are measured with the 32 kHz oscillator being halted, XTAL3 not connected and XTAL4 = Vss. 
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6.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 
VDO: 5V ± 10% (EBx), Vss: OV, TCLCL min: llfmax (maximum operating frequency) 

VDO: 5V± 10% (EFx), Vss: OV, TCLCL min: l/fmax (maximum operating frequency) 

Tamb: OOC to +700 C,TcLcL min: 63ns for8xCE558EBx 

Tamb: -40°C to +85°C,TcLCL min: 63 ns for 8xCE558EFx 

Product specification 

80CE558/83CE558/89CE558 

Cl : 100 pF for Port 0, ALE and "!'SEN ; Cl : 80 pF for all other outputs unless otherwise specified. 

12MHzCLOCK 16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX MIN MAX UNIT 

lltcLCL 42 Oscillator 3.5 16 MHz 

It.HLL 42 ALE pulse width 127 85 2tcLCL-40 ns 

IAvLL 42 Address valid to ALE LOW 28 8 IcLCL-55 ns 

tw.x 42 Address hold after ALE LOW 48 28 tcLCL-35 ns 

It.uv 42 ALE LOW to valid instruction in 234 150 4tcLCL-l00 ns 

It.LPL 42 ALE LOW to PSEliI LOW 43 23 tCLCL-40 ns 

tpLPH 42 PSEN pulse width 205 143 3tcLCL-45 ns 

tpuv 42 PSEN LOW to valid instruction in 145 83 3tcLCL-105 ns 

tpXIX 42 Input instruction hold after PSEN 0 0 0 ns 

tpXIZ 42 Input instruction float after PSEN 59 38 tcLCL-25 ns 

tAVIV 42 Address to valid instruction in 312 208 51cLCL-l05 ns 

tpLAZ 42 PSEN LOW to address float 10 10 10 ns 

Data Memory 

It.LAX 43,44 Address valid to ALE LOW 28 8 tcLCL-55 ns 

tRLRH 43 RIT pulse width 400 275 6tcLCL-l00 ns 

tWLWH 44 WR pulse width 400 275 6tcLcL-l00 ns 

tRLDV 43 RIT LOW to valid data in 252 148 5tcLCL-165 ns 

tRHOX 43 Data hold after RIT 0 0 0 ns 

tRHOZ 43 Data float after RIT 97 55 2tcLCL-70 ns 

hov 43 ALE LOW to valid data in 517 350 81cLcL-150 ns 

IAvov 43 Address to valid data in 585 398 9tcLCL-165 ns 

hWL 43,44 ALE LOW to RIT or WR LOW 200 300 138 238 3tcLcL-50 31cLCL+50 ns 

IAVWL 43,44 Address valid to WR LOW or RIT LOW 203 120 4tcLCL-130 ns 

lavwx 44 Data valid to WR transition 23 3 IcLCL-OO ns 

tow 44 Data before WR 433 288 7tcLCL-150 ns 

tWHOX 44 Data hold after WR 33 13 tcLcL-50 ns 

tRLAZ 43 RIT low to address float 0 0 0 ns 

tWHLH 43,44 J!ID" orWRHIGH to ALE HIGH 43 123 23 103 IcLcL-40 tcLCL+40 ns 

UART Timing - Shift Register Mode (Test Conditions: T arrb: O°C to +700 C; Vss : OV; Load Capacitance: 8OpF) 

tXLXL 46 Serial port clock cycle time 1.0 0.75 12tcLCL J.I.S 
taVXH 46 Output data setup to clock rising edge 700 492 10tcLCL-133 ns 

tXHOX 46 Output data hold after clock rising edge 50 8 2tcLCL-117 ns 

tXHOX 46 I nput data hold after clock rising edge 0 0 0 ns 

tXHDV 46 Clock rising edge to input data valid 700 492 10IcLcL-133 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER 

Fe Interface timing (refer to Figure 45) 

!SCl SCl clock frequency 

taUF Bus free time between a STOP and START condition 

tHD;STA Hold time (repeated) START condition. After this period, the first clock 
pulse is generated 

tLOW LOW period of the SCL clock 

IHIGH High period of the SCL clock 

tsU;STA Set-up time for a repeated START condition 

tHD; DAT Data hold time 

IHD; DAT1,2,3 Data set-up time 

tRD, tRC Rise time of both SDA and SCL signals 

tFD, tFC Fall time of both SDA and SCL signals 

tsu; STO Set-up time for STOP condition 

Cb Capacitive load for each bus line 

All values referred to V1H and V1L max levels. 

NOTES: 

Product specification 

80CE558/83CE558/89CE558 

Standard-mode 
12C-bus UNIT 

MIN MAX 

0 100 kHz 

4.7 ~ 

4.0 ~ 

4.7 - ~ 

4.0 - ~ 

4.7 I1s 

01 I1s 

250 - ns 

1000 ns 

300 ns 

4.0 - I1s 

- 400 pF 

1.A device must internally provide a hold time of at least 300 ns from the SDA signal (referred to the V1H min of the SCL signal) in order to bridge the 
undefined region of the falling edge of SCL. 

For 62ns < IclCl < 570ns, 16MHz > f ClK > 3.5MHz) the SI01 interface meets concerning AC parameters the 12C-bus specification for bit-rates 
up to 100 kbiVs. 

~·-----IcLCL ------i ..... 1 

Figure 39. External Cfock Drive waveform 

2.4V=X2.0V_ . ~2'OV><= 
Test POints 

O.8V"- -... D.BY 
O.45V 

NOTE: 
AC inputs during testing are driven at 2.4Vfor a logic 'HIGH' and 0.45Vfor a logic: 
'LOW. Timing measurements are made al2.0V for a logic 'HIGH' and O.8V for a logic 
'LOW'. 

Figure 40. AC Testing InpuVOutput 
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NOTE: 
The float state is defined a8 the point at which a port 0 pin sinks 3.2mA or 
sources 400JlA at the voltage test levels. 

Figure 41, AC Testing, Float Waveform 
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ALE 

PORTO AO-A7 

PORT 2 AB-A.5 

Figure 42. External Program Memory Read Cycle 

ALE 

tWHLH 

tLLDV "I 
tRLRH---~ 

PORTO DATA IN AO·A7 FROM PCL INSTRIN 

PORT 2 P2.D-P2.7 OR Aa·A15 FROM DPH AB-A15 FROM PCH 

Figure 43. External Data Memory Read Cycle 
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ALE 

tWHLH 

--J---tWLWH -------l~ 
WR ______ + ____ ~ 

PORTO 

PORT 2 

SCL 
QNPUTiOUTPUT) 

INSTRUCllON 

ALE 

CLOCK 

PUTPUT DATA. 

t 
WRITE TO SBUF 

INPUT DATA 

~ 
CLEARRI 

tHO;STA tlOW 

o 

tDW 

DATA OUT AlJ-A7 FROM PCL 

P2.0-P2.7 OR A8-A1S FROM DPH AS-A1S FROM PCH 

Figure 44. External Data Memory Write Cycle 
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Purchase of Phllips'I2C components conveys a license under the 
Philips' 12C patent to use the components in the I 2C-system 
provided the system conforms to the I 2C specifications defined by Philips. 
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The 80C562/83C562 (hereafter generically r; referred to as 8XC562) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C562183C562 has the same instruction set BUS as the 80C51 . 

The 8XC562 contains a non-volatile 256 x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory (83C562) (the 

FEATURES 80C562 is ROMless), a volatile 256 x 8 
read/write data memory, six 8-bit I/O ports, • 80C51 instruction set 
two 16-bit timer/event counters (identical to 

• 8k x 8 ROM expandable externally to 
the timers of the BOC51), an additional t 6-bit 

64k bytes 
timer coupled to capture and compare Pin Function Pin Function 

latches, a IS-source, two-priority-Ievel, • 256 x 8 RAM, expandable externally to 1 PS.O/ADeO 35 XTAL1 
2 v"" 36 v .. 

nested interrupt structure, an 8-input ADC, 64k bytes STADe 37 v .. 
two pulse width modulated outputs, standard I'WMll 36 NC 

• Two standard 16-bit timer/counters l'WMT 39 PZ.OIAOS 
80C5t UART, a "watchdog" timer and on-chip EW 40 PZ.lIA09 

oscillator and timing circuits. For systems that • An additional 16-bit timer/counter coupled 7 P4.OJCMSRO 41 P2.21Al0 

require extra capability, the 83C562 can be to four capture registers and three compare 8 P4.lICMRS1 42 PZ.3/A11 
9 P4.2CMSRZ 43 PZ.41A12 

expanded using standard TTL compatible registers 10 P4.3ICMSR3 44 P2.5IA13 

memories and logic. • Capable of producing eight synchronized, 
11 P4.4/CMSR4 45 P2.61A14 
12 P4.5JCMSR5 46 P2]/A15 

The device also functions as an arithmetic timed outputs 13 P4.61CMTO 47 PSEII 
14 P4.7/CMT1 48 ALE 

processor having facilities for both binary and • An 8-bit ADC with eight multiplexed analog 1S RST 49 Ell 
BCD arithmetic plus bit-handling capabilities. inputs 

16 P1.O!CT01 50 PO.7IAD? 
17 Pl.1JCTlt 51 PO.61AD6 

The instruction set consists of over 100 18 P1.21CTZi 52 PO.SlADs 
instructions: 49 one-byte, 45 two-byte and 17 • Two 8-bit resolution, pulse width modulated 19 Pl.31CT31 53 PD.4lA04 

three-byte. With a 12MHz crystal, 58% of the outputs 20 P1.4ITZ 54 PO.31A03 
21 P1.SlRTZ 55 PO.21A02 

instructions are executed in lJ.1s and 40% in • Five 8-bit 110 ports plus one 8-bit input port 22 Pl.6 56 PO.l/AD1 

2J.ls. Multiply and divide instructions require shared with analog inputs 23 P1.7 57 PO.OJADo 
24 P3.OIRxD 58 AVref-

4J.ls. 
• Full-duplex UART compatible with the 2S P3.1TxD 59 AVref+ 

26 P3.2I1NTO 60 AV .. 
standard 80C51 27 P3.3IINTT 61 AV .. 

28 P3.4ITO 62 PS.7/ADC7 
• On-chip watchdog timer 29 P3.5iT1 63 P5.61ADC6 

30 P3.6!WR 64 PS.SlADCs 
• Three temperature ranges 31 P3.7/RO 65 P5.4/ADC4 

- 0 to +70°C 
32 NC 66 P5.3/ADC3 
33 NC 67 P5.21ADCZ 

- --40 to +85°C 34 XTAl2 68 P5.1/ADC1 

- --40 to + 125°C 
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ORDERING INFORMATION 

PHILIPS PART 
ORDER NUMBER PHILIPS NORTH AMERICA 
PART MARKING PART ORDER NUMBER 

Drawing Drawing 
ROMless ROM ROMless ROM Number EPROM Number 

PCBBOC562- PCB83C562-
SSOC562-4A68 S83C562-4A68 SOT18B 587C552-4A682 0398E 16WP 16WP/xxx 

587C552-4K682 1473A 

PCFBOC562- PCF83C562- SBOC562-2A68 583C562-2A68 SOll88 587C552-5A6B2 039BE 
12WP 12WP/xxx 

SB7C552-5K6B2 1473A 

PCABOC562- PCAB3C562- SBOC562-6A68 SB3C562-6A68 SOT18B 
12WP 12WP/xxx 

NOTES: 
1. 80C562 and B3C562 frequency range is 1.2MHz-12MHz or 1.2MHz-16MHz. 
2. 87C552 frequency range is 3.5MHz-16MHz. For full specification, see the B7C552 data sheets. 
3. xxx denotes the ROM code number. 

LOGIC SYMBOL 
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~~ -
XTAL1 _______ 
XTAL2 _ 

A~ ;:::: I'SER _ 

AVss -
AVOD ------

AVref+ -_ ..... 

AVref- ----+
STADC _ 

PWIIIil"---

B71 

LOW ORDER 
ADDRESS AND 

DATA BUS 
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TEMPERATURE 
RANGEcC 

AND PACKAGE FREQ 
MHz 

o to +70, Plastic 
16 Leaded Chip Carrier 

o to +70, Plastic 
Leaded Chip Carrier 16 

w/Window 

--40 to +85, Plastic 12 
Leaded Chip 

Carrier 

--40 to +B5, Plastic 
Leaded Chip Carrier 12 

w/Window 

--40 to +125, Plastic 12 
Leaded Chip Carrier 
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PIN DESCRIPTION 

MNEMONIC PIN NO. TYPE NAME AND FUNCTION 

VDD 2 I Digital Power Supply: +5V power supply pin during normal operation, idle and power-down mode. 

STADC 3 I Start ADC Operation: Input starting analog to digital conversion (ADC operation can also be started 
by software). 

~ 4 0 Pulse Width Modulation: Output o. 
PWIi.ff 5 0 Pulse Width Modulation: Output 1. 

EW 6 I Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-<lown mode. 

PO.O-PO.7 57-50 I/O Port 0: Port 0 is an 8-bit open-<lrain bidirectional VO port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus during accesses to external program and data memory. In this application it uses strong internal 
pull-ups when emitting 1 s. 

Pl.O-Pl.7 16-23 110 Port 1 : 8-bit 110 port. Altemate functions include: 
16-23 110 (Pl.0-Pl.7): Quasi-bidirectional port pins. 
16-19 110 CTOf-.CT31 (Pl.0-Pl.3): Capture timer input signals for timer T2. 

20 I T2 (Pl.4): T2 event input 
21 I RT2 (Pl.5): T2 timer reset signal. Rising edge triggered. 

P2.O-P2.7 39-46 110 Port 2: 8-bit quasi-bidirectional 110 port. 
Alternate function: High-order address byte for external memory (A06-A 15). 

P3.O-P3.7 24-31 110 Port 3: 8-bit quasi-bidirectional 110 port. Alternate functions include: 
24 RxD(P3.0): Serial input port. 
25 TxD (P3.l): Serial output port. 
26 INTO' (P3.2): External interrupt 
27 Jm1' (P3.3): External interrupt. 
28 TO (P3.4): Timer 0 external input. 
29 T1 (P3.S): Timer 1 external input. 
30 WR (P3.6): External data memory write strobe. 
31 lID' (P3.7): External data memory read strobe. 

P4.O-P4.7 7-14 1/0 Port 4: 8-bit quasi-bidirectional 1/0 port. Alternate functions include: 
7-12 0 CMSR~MSR5 (P4.O-P4.S): Timer T2 compare and set/reset outputs on a match with timer T2. 
13,14 0 CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P5.O-P5.7 68-62. I Port S: 8-bit input port. 
1 ADCO-ADC7 (P5.0-P5.7): Alternate function: Eight input channels to ADC. 

RST 15 1/0 Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 overflows. 

XTALI 35 I Crystal Input 1 : Input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external clock signal when an external oscillator is used. 

XTAL2 34 0 Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit when an 
external clock is used. 

Vss 36,37 I Digital ground. 

l'SEI'l' 47 0 Program Store Enable: Active-low read strobe to external program memory. 

ALE 48 0 Address Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access. one ALE pulse is 
skipped. ALE can drive up to eight LS TIL inputs and handles CMOS inputs without an external 
pull-up. 

EA 49 I External Access: When EA is held at TIL level high, the CPU executes out of the internal program 
ROM provided the program counter is less than 8192. When EA is held at TTL low level, the CPU 
executes out of external program memory. EA is not allowed to float. 

AVREF_ 58 I Analog to Digital Conversion Reference Resistor: Low-end. 

AVREF+ 59 I Analog to Digital Conversion Reference Resistor: High-end. 

AVss 60 I Analog Ground 

AVDD 61 I Analog Power Supply 

NOTE: 
1. To avoid "latch-up· effect at power-on, the voltage on any pin at any time must not be higher or lower than VDD +0.5V or Vss - O.5V, 

respectively. 
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OSCILLATOR 
CHARACTERISTICS 
XTAl1 and XTAl2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 

To drive the device from an external clock 
source, XTAl1 should be driven while XTAl2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by hoicing the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To ensure a good power-on reset, 
the RST pin must be high long enough to 
allow the oscillator time to start up (normally 
a few milliseconds) plus two machine cycles. 
At power-on, the voltage on Voo and RST 
must come up at the same time for a proper 
start-up. 

IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 

Table 1. External Pin Status During Idle and Power-Down Modes 

PROGRAM 
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remain intact during this mode. The icle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the 110 ports during low 
current operating modes. 

PWIIOI 
MODE MEMORY ALE PSER PORTO PORT 1 PORT 2 PORT 3 PORT 4 PWM1 

Idle Internal 1 1 Data Data Data Data Data High 

Idle External 1 1 Float Data Address Data Data High 

Power-down Internal 0 0 Data Data Data Data Data High 

Power-down External 0 0 Float Data Data Data Data High 

ABSOLUTE MAXIMUM RATINGS1, 2,3 

PARAMETER RATING UNIT 

Voltage on any other pin to Vss ~.5to+6.5 V 

Input, output DC current on any single I/O pin 5.0 rnA 

Power dissipation (based on package heat transfer limitations, not device power consumption) 1.0 W 

Storage temperature range -S5to +150 DC 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
VSS AVss - OV -

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Voo Supply voltage 
PCBaXC562 4.0 6.0 V 

PCF8XC562 4.0 6.0 V 

PCA8XC562 4.5 5.5 V 

100 Supply current operating: See notes 1 and 2 
PCBaXC562 lose = 16MHz 45 mA 

PCF8XC562 lose = 12MHz 34 mA 

PCA8XC562 lose = 12MHz 30 mA 

1,0 Idle mode: See notes 1 and 3 
PCBaXC562 lose = 16MHz 10 mA 

PCF8XC562 lose = 12MHz 8 mA 

PCA8XC562 lose = 12MHz 7 mA 

Ipo Power-down current: See notes 1 and 4; 
2V < Vpo < Voo max 

PCB8XC562 50 i-tA 
PCFBXC562 50 i-tA 
PCA8XC562 100 i-tA 

Inputs 

V,L Input low voltage, except EA -0.5 O.2VDo--O·l V 

V,L1 Input low voltage to EA -0.5 0.2Voo--O·3 V 

V,H Input high voltage, except XTAL1, RST 0.2Voo+0.9 Voo+0.5 V 

V,Hl Input high voltage, XTAL I, RST 0.7Voo Voo+O.5 V 

I,L Logical 0 input current, ports I, 2, 3, 4 V,N =0.45V -50 i-tA 

ITL Logical l-to-O transition current, ports I, 2, 3, 4 See note 5 -550 i-tA 

±1'L1 Input leakage current, port 0, EA, STADC, EW 0.45V < V, < Voo 10 i-tA 

Outputs 

VOL Output low voltage, ports I, 2, 3, 4 IOL = 1.6mA6 0.45 V 

VOL1 Output low voltage, port 0, ALE, PSrn, PWIii'IU, PWIiiIT IOL = 3.2mA6 0.45 V 

VOH Output high voltage, ports I, 2, 3, 4 Voo + 5V±10% 
-IOH = 6Oi-tA 2.4 V 

-IOH = 25i-tA 0.75Voo V 
-IOH = 1Oi-tA 0.9VOD V 

VOH1 ~StJt ~tMgltp~J~07rt 0 in external bus mode, ALE, 
, , ) VDD + 5V±10% 

-IOH =400i-tA 2.4 V 

-IOH = 150i-tA 0.75Voo V 
-IOH = 40i-tA 0.9Voo V 

VOH2 Output high voltage (RST) -IOH = 400i-tA 2.4 V 

-IOH = 120i-tA O.BVoo V 

RRST Internal reset pull-down resistor 50 150 kn 

C,O Pin capacitance Test Ireq = 1 MHz, 10 pF 
Tamb = 25°C 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX 
Analog Inputs 

AVoo Analog supply voltage: 
PCB8XC562 AVoo = VooiO.2V 4.0 6.0 
PCF8XC562 AVoo = VooiO·2V 4.0 6.0 
PCA8XC562 AVoo = VooiO·2V 4.5 5.5 

Aloo Analog supply current: operating: Port 5 =0 to AVoo 1.2 

AIIO Idle mode: 
PCB8XC562 50 
PCF8XC562 50 
PCA8XC562 100 

AI PO Power-down mode: 2V < AVpo < AVoo max 
PCB8XC562 50 
PCF8XC562 50 
PCA8XC562 100 

AVIN Analog input voltage AVss-O.2 AVoo+0.2 

AVREF Reference voltage: 

AVREF- AVss-O.2 

AVREF+ AVoo+O.2 

RREF Resistance between AVREF+ and AVREF- 5 25 

CIA Analog input capacitance 15 

lAos Sampling time 6fcy 

tADC Conversion time (including sampling time) 24lcv 

Ole Differential non-linearityB. 9. 10 ±1 

ILe Integral non-linearityB. 11 ±1 

OS. Offset errorB. 12 ±1 

G. Gain errorS. 13 0.4 

MeTe Channel to channel matching ±1 

Ct Crosstalk between inputs of port 514 O-I00kHz -60 

NOTES: 
t. See Figures Sthrough 12 for 100 test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, =" = IOns; VIL = Vss + 0.5V; 

VIH = Voo - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Voo; STADC = Vss. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = " = IOns; VIL = Vss + O.SV; 

VIH = Voo - 0.5V; XTAL2 not connected; Port 0 = EW = Voo; EA = RST = STADC = Vss. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Veo; 

EA = RST = STADC = XTAL 1 = Vss. 

UNIT 

V 
V 
V 

rnA 

IIA 
IIA 
IIA 

IIA 
IIA 
IIA 
V 

V 
V 

kn 

pF 

j1S 

j1S 

LSB 

LSB 

LSB 

% 

LSB 

dB 

5. Pins of ports 1, 2, 3, and 4 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

6. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-o transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOL can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

7. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSElIJ to momentarily fall below the 0.9Voo speCification when the 
address bits are stabilizing. 

8. Conditions: AVREF_ = OV; AVoo = 5.0V, AVREF+ = 5.12V. ADC is monotonic with no missing codes. 
9. The differential non-linearity (Ole) is the difference between the actual step width and the ideal step width. (See Figure 1.) 
10. The ADC is monotonic; there are no missing codes. 
11. The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 

appropriate adjustment of gain and offset error. (See Figure 1.) 
12. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 

a straight line which fits the ideal transfer curve. (See Figure 1.) 
13. The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 

and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1.) 
14. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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Figure 1. ADC Conversion Characteristic 
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AC ELECTRICAL CHARACTERISTICS1, 2 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1/lcLcL 2 Oscillator frequency 1.2 16 MHz 

tLHLL 2 ALE pulse width 127 2tcLCL--40 ns 

tAVLL 2 Address valid to ALE low 28 teLCL-55 ns 

tLLAX 2 Address hold after ALE low 48 teLCL-35 ns 

tLLlV 2 ALE low to valid instruction in 234 41cLcL-l00 ns 

ILLPL 2 ALE low to PSrn low 43 teLcL--40 ns 

tpLPH 2 PSrN pulse width 205 3teLCL--45 ns 

tpLlV 2 PSrN low to valid instruction in 145 3teLcL-l05 ns 

tPXIX 2 Input instruction hold after PSrN 0 0 ns 

tpXIZ 2 Input instruction float after PSrN 59 teLCL-25 ns 

tAVIV 2 Address to valid instruction in 312 5teLcL-l05 ns 

tpLAZ 2 PSrN low to address float 10 10 ns 

Dala Memory 

tAVLL 3,4 Address valid to ALE low 43 IcLCL-35 ns 

IRlRH 3 R1J pulse width 400 6teLcL-100 ns 

IWLWH 4 WR pulse width 400 6teLCL-100 ns 

tRLOV 3 R1J low 10 valid data in 252 51cLcL-165 ns 

tRHOX 3 Data hold after RD 0 0 ns 

tRHOZ 3 Data float after R1J 97 2teLCL-70 ns 

ILLOV 3 ALE low 10 valid data in 517 81cLcL-150 ns 

tAVOV 3 Address to valid data in 585 91cLcL-165 ns 

tLLWL 3,4 ALE low to R1J or WR low 200 300 3teLCL-50 3teLCL+50 ns 

tAvWL 3,4 Address valid to WR low or RU low 203 41cLcL-130 ns 

tavwx 4 Data valid to WR" transition 23 IcLCL-ffi ns 

tow 4 Data before WR" 433 7teLCL-150 ns 

tWHQX 4 Data hold after WR" 33 teLCL-SO ns 

tRLAZ 3 RU low to address float 0 0 ns 

tWHLH 3,4 RU or WR" high to ALE high 43 123 teLCL --40 tCLCL+40 ns 

Exlernal Clock 

teHCX 5 High time3 20 20 ns 

teLCX 5 Lowtime3 20 20 ns 

teLCH 5 Rise time3 20 20 ns 

teHCL 5 Fall time3 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSrN = 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - !'SEN 

ALE 

PORTO 

PORT 2 

a - Output data 
R - Tmsignal 
t - Time 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Float 
Examples: lAVLL = Time for address valid 

to ALE low. 
It.LPL = Time for ALE low to 

!'SEN low. 

Figure 2, External Program Memory Read Cycle 

ALE 

"' 
-tWHLH-

-, tllDV 

I---tllWl tRlRH 

RII 

"' 
tAVll 

tllAX 
~tRlDV- ~ 

J-- tRlAZ tRHDX - f-
==>--< Af>-A7 '""" / 

FROM R1 OR DPl 'I DATA IN 
/// " 

PORTO 

j4--tAVWl-

tAVDV 

PORTO )< P2.D-P2.7 OR ~A15 FROM DPH 

Figure 3, External Data Memory Read Cycle 
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ALE " V 

I----tWHlH -

I-----ILLWl tWlWH 

WR 

Iu.AX 
I----tAVLL lavwx .... ~ tWHQX 

tDW 

PORTO ~ F~dtDPL I>< DATA OUT K Al>-A7 FROM PCl INSmlN 

I+---tAVWl ---

PORT 2 )< P2.11-¥2.7 OR A8-A.5 FROM DPII A8-A.5 FROM PCH 

Figure 4. External Data Memory Write Cycle 

~--------~K------~~I 

Figure 5. External Clock Drive XTAL 1 

TeSlPointa 
o.8v""- -.. o.av 

2.
4V =X 2.0V_ _2.OV)C 

~~v ----------------
NOTE: 
At:, inputs during testing are driven at 2.4V for a logic '1' and O.45V for a logic '0'. 
liming measurements are made at 2.0V for a logic '1' and O.BV lor a logic '0', 

Agure 6. AC Testing Input/Output 
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2.4V -{2_.0V Root ~2.0yjr--- 2.4V 

o.~v --f..BV o.a~ usv 

NOTE: 
The float state is defined as the point at which a port 0 pin sinks 3.2mA or 
sources 400)IA at the voltage test levels. 

Agure 7. AC Testing Input, Aoat Waveform 



Philips Semiconductors Microconlroller Products 

Single-chip 8-bit microcontroller 

50 

45 

40 

35 

30 

100mA 25 

20 

15 

10 

V 
V 

V 
V 

/ / 
.,/' 

:::::: ~ ~ 
0..--

1/ 
...,-V 

~ -
8 

f(MHz) 

(1) Maximum ~ting mode; VOO = 6V. 
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(3) Maximum ~ mode; VDO = 6V. 
(4) Maximum HIe mode; VOO = 4V. 

NOTE, 
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These values are valid only within the fr9Quency specifications of the device under test. 

(1) 

(2) 

(3) 

(4) 

Figure 8. Supply Current (100) as a Function of Frequency at XTAL 1 (lose) 
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(NC) 

CLOCK SIGNAL 

RST 

XTAL2 

XTALl 

Vss 

STADe 

Figure 9. 100 Test Condition, Active Mode 
All other pins are disconnected 

VOo-'!·5 - - - - ,.---" 

O.SV 

Figure 11. Clock Signal Waveform for 100 
Tests in Active and Idle Modes 

tCLCH = IcHCL = 10ns 
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Voo 

Voo 
RST 

STADe 
I'll 

EW 

(He) EX 

CLOCK SIGNAL 
AVSS 

Vss AVref 

Figure 10. 100 Test Condition, Idle Mode 
All other pins are disconnected 

Voo 

Voo 
RST 

STAOC 

I'll 

-
(NC) XTAL2 EX 

XTAL, AVSS 

VSS AVref 

Figure 12. 100 Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to 5.5V 

~.· •.• ·Lnl ~ 
Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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8XC575 OVERVIEW 
The BXC575 is a single chip microcontroller 
derivative of the BOC51. The BXC575 has the 
same instruction set and core architecture as 
the industry standard BOC51. The features of 
the BXC575 include the following: 

• BK bytes EPROM 

• 256 bytes RAM 

• Two standard 80C51 16-bit Timers 

• One 16-bit Timer 2 

• Programmable Counter Array 

• Watchdog Timer 

• Enhanced UART 

• Four Analog Comparators 

• Low Vee Detect Circuit 

• Oscillator Failure Detcct Circuit 

• Schmitt Trigger Inputs 

• Power On Reset Detection Circuit 

• Low Active Reset 

• Asynchronous Low Port Reset 

• Port 2 Selectable Open Drain Output 

• Reduced EMI mode 

• 40-pin DIP, 44-pin PLCC, 44-pin QFP 

Low Active RESET 
One of the most notable features on this part 
is the low active reset. At this time this is the 
only BOC51 derivative available that has low 
active reset. This feature makes it easier to 
interface the aXC575 into an application to 
accommodate the power-on and low voltage 

vee 

I 
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conditions that can occur. The low active 
reset operates exacdy the same as high 
active reset with the exception that the part is 
put into the reset mode by applying a low 
level to the reset pin. For power-on reset it is 
also necessary to invert the power-on reset 
circuit; connecting the a.2K resistor from the 
reset pin to Vee and the 10Ilf capacitor from 
the reset pin to ground. Figure 1 shows all of 
the reset related circuitry. 

When reset the port pins on the a7C575 are 
driven low asynchronously. This is different 
from all other BOC51 derivatives. 

The 8XC575 also has Low voltage detection 
circuitry that will, if enabled, force the part to 
reset when Vee (on the part) fails below a set 
level. Low Voltage Reset is enabled by a 
normal reset. Low Voltage Reset can be 
disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog 
feed sequency (A5H to WFEEDI followed 
immediately by 5A to WFEED2). In addition 
there is a flag (LVF) that is set if a low voltage 
condition is detected. The LVF flag is set 
even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage 
detection circuitry does not drive the RST# 
pin so the LVF flag is the only way that the 
microcontroller can determine if it has been 
reset due to a low voltage condition. 

The 8XC575 has an on-chip power-on 
detection circuit that sets the PDF (PCON.4) 
flag on power up or if the V ce level 
momentarily drops to Ov. This flag can be 
used to determine if the part is being started 
from a power-on (cold start) or if a reset has 
occurred due to another condition (warm 
start). 

Figure 1. Reset Circuitry 

883 
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Timers 
The 87C575 has four on-chip timers. 

Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the BOC51. 

Timer 2 on the aXC575 is identical to the 
BOC52 Timer 2 (described in detail in the 
BOC52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (Pl.1). 

The Watchdog timer operation and 
implementation is the same as that for the 
aXC550 (described in the BXC550 overview) 
with the exception that the reset values of the 
WDCON and WDL special function registers 
have been changed. The changes in these 
registers cause the watChdog timer to be 
enabled with a timeout of ga304 x T osc when 
the part is reset. The watchdog can be 
disabled by executing a valid feed sequence 
and then clearing WDRUN (bit 2 in the 
WDCONSFR). 

Programmable Counter Array 
(peA) 
The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes: rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1. Module 0 is connected to Pl.3(CEXO), 
module 1 to P1.4(CEX1), etc .. The basic 
PCA configuration is shown in Figure 1. 

axeS75 
INTERNAL 
RESET 
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Table 1. 87C575 Special Function Registers 

SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOl, OR ALTERNATIVE PORT FUNCTION RESET 
ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

AUXR# Auxiliary 8EH - - - - - - LO AO xxxxxxOOB 

B' Bregister FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

CCAPOH# Module 0 Capture High FAH xxxxxxxxB 
CCAP1H# Module 1 Capture High FBH xxxxxxxxB 
CCAP2H# Module 2 Capture High FCH xxxxxxxxB 
CCAP3H# Module 3 Capture High FDH xxxxxxxxB 
CCAP4H# Module 4 Capture High FEH xxxxxxxxB 
CCAPOL# Module 0 Capture low EAH xxxxxxxxB 
CCAPll# Module 1 Capture low EBH xxxxxxxxB 
CCAP2L# Module 2 Capture Low ECH xxxxxxxxB 
CCAP3L# Module 3 Capture low EDH xxxxxxxxB 
CCAP4LI Module 4 Capture low EEH xxxxxxxxB 

CCAPMOI Module 0 Mode DAH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM1# Module 1 Mode DBH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM2# Module 2 Mode DCH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM3# Module 3 Mode DDH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

CCAPM4# Module 4 Mode DEH - ECOM CAPP CAPN MAT TOG PWM ECCF xOOOOOOOB 

DF DE DD DC DB DA D9 08 

CCON*# PCA Counter Control D8H CF CR - CCF4 CCF3 CCF2 CCFl CCFO OOxOOOOOB 
CHI PCA Counter High F9H DOH 
ClI PCA Counter low E9H OOH 

CMOD# PCA Counter Mode D9H CIDl WDTE - - - CPSl CPSO ECF OOxxxOOOB 

EF EE ED EC EB EA E9 E8 

CMP'I Comparator E8H EC3DP EC2DP ECIDP ECODP C3RO C2RO C1RO CORO OOH 

CMPE# Comparator Enable 91H EC3TDC EC2TDC EC1TDC ECOTDC EC30D EC20D EC100 ECOOD OOH 

DPTR: Data Pointer (2 bytes) 
DPH Data Pointer High 83H OOH 
DPl Data Pointer Low 82H OOH 

AF AE AD AC AB AA A9 A8 

IE' Interrupt Enable ASH EA EC ET2 ES En EXl ETO EXO OOH 

BF BE BD BC BB SA B9 B8 

IP' Interrupt Priority B8H - PPC PT2 PS pn PXl PTO PXO xOOOOOOOB 

87 86 85 84 83 82 81 80 

PO' PortO BOH AD7 AD6 AD5 AD4 AD3 AD2 ADl ADO FFH 

97 96 95 94 93 92 91 90 

Pl' Port 1 90H CEX4 CEX3 CEX2 CEXI CEXO EXI T2EX T2 FFH 

A7 A6 A5 A4 A3 A2 Al AO 

P2' Port 2 AOH AD15 AD14 AD13 AD12 ADll AD10 AD9 AD8 FFH 

B7 B6 B5 B4 B3 B2 Bl BO 

P3' Port 3 SOH RU WR Tl TO JIiITI INTO TxD RxD FFH 
, 

SFRs are bit addressable. 
I SFRs are modified from or added to the 80C51 SFRs. 
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Table 1. 87C575 Special Function Registers (Continued) 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

ADDRESS MSB LSB 

P200# Port 2 Pullup Oisable A1H 

PCON Power Control 87H SMOD1 I SMODO I OSF' I POF' I LVF' I GFO I PO I 10L 

07 06 05 04 03 02 01 00 

PSW' Program Status Word OOH CY I AC I FO I ASl I RSO I OV I - I P 

RACAP2H# Timer 2 Capture High CBH 
RACAP2L# Timer 2 Capture Low CAH 

SAOOA# Slave Address A9H 
SAOEN# Slave Address Mask B9H 

SBUF Serial Oata Buffer 99H 

9F 9E 90 9C 9B 9A 99 98 

SCOW Serial Control 98H SMO 1 SMl I SM2 J AEN I TBa I ABa I TI I AI 

SP Stack Pointer 81H 

8F 8E 80 8C 8B 8A 89 88 

TCOW Timer Control 88H TFl I TAl I TFO I TAO I IEl I ITl I lEO I lEO 

CF CE CO CC CB CA C9 C8 

T2COW Timer 2 Control C8H TF2 I EXF2 I ACLK I TCLK I EXEN2 I TA2 I CIT2 I CP/AL2 

T2MOO# Timer 2 Mode Control C9H - I - I - I - I - I - I - 1 OCEN 

THO Timer High 0 8CH 
THl Timer High 1 80H 
TH2. Timer High 2 COH 
TLO Timer Low 0 BAH 
TLl Timer Low 1 8BH 
TL2# Timer Low 2 CCH 

TMOO Timer Mode 89H GATE I CIT I Ml I MO I GATE I CIT I Ml I MO 

C7 C6 C5 C4 C3 C2 Cl CO 

WDCOW# Watchdog Timer Control COH PAE2 I PAEl I PAEO I LVAE I OFAE I WDRUN I WDTOF I WDMOD 

WOLf Watchdog Timer Reload C1H 
WFEE01# Watchdog Feed 1 C2H 
WFEE02# Watchdog Feed 2 C3H . SFAs are bit addressable. 

# SFAs are modified from or added to the 8OC51 SFAs. 
1. Reset value depends on reset source. 
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RESET 
VALUE 

DOH 

OOxxxOOOB 

OOH 

OOH 
OOH 

OOH 
OOH 

xxxxxxxxB 

OOH 

07H 

OOH 

OOH 

xxxxxxxOB 

OOH 
OOH 
DOH 
DOH 
OOH 
OOH 

OOH 

11111101B 

DOH 
xxH 
xxH 
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The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 114 the 
oscillator frequency, the "Timer 0 overflow, or 
the input on the ECI pin (P1.2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOO SFR as follows 
(see Figure 4): 

CPSl CPSO PCA 11mer Count Source 
o 0 1112 oscillator frequency 
o 1 1/4 oscillator frequency 
1 0 "Timer 0 overflow 
1 1 Extemallnput at ECI pin 

In the CMOO SFR are three additional bits 
associated with the PCA. They are CIOl 
which allows the PCA to stop during idle 
mode, WOTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 3. 

The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
markel. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 87C575 
separately from the PCA (see Figure 12). 

The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CooN.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON.7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit in 
the CMOO register is set, The CF bit can only 

PCA llMERICOUNTER 

llME BASE FOR PCA MODULES 

MODULE RlNCll0NS: 
16-111T CAPTURE 
16-111T llMER 
16-111T IIGH SPEED OUTPUT 
_TPWM 
WATCHDOG llMER (MODULE 4 ONLy) 

March 1993 

be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1, etc.) and are set by hardware when either 
a match or a capture occurs. These flags also 
can only be cleared by software. The PCA 
interrupt system shown in Figure 3. 

Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 6). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=O, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module's 
capture/compare register. The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module's capture/compare register. 

The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 

8XC575 overview 

There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnl and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 

PCA Capture Mode 
To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be sel The extemal CEX input 
for the module (on port 1) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and Cl) into the 
module's capture registers (CCAPnl and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 8. 

l6-bit Software 11mer Mode 
The PCA modules can be used as software 
timers by setting both the EooM and MAT 
bits in the modules CCAP Mn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 

High Speed Output Mode 
In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module's capture registers. 
To activate this mode the TOG, MAT, and 
ECOM bits in the module's CCAPMn SFR 
must be set (see Figure 10) . 

MODULE 0 .... f------l~n Pl.3ICEXO 

MODULE 1 P1.4/CEX1 

MODULE 2 Pl.5ICEX2 

MODULE 3 .... I-----I .. n P1.filCEX3 

MODULE 4 Pl.7/cEX4 

Figure 2. Programmable Counter Array (PCA) 

886 



Philips Semiconductors 8OCS1-Based B-Bit Microcontrollers 

80C51 Family derivatives 8XC575 overview 

0SCi.2 

OSCI4 ----l0"'1"of-----+----i 
INTERRUPT 

lIMERO 
OVERR.OW 

.6-IIIT UP COUNTER 

IDLE 

PCA lIMERICOUNTER 

MODULE 0 

MODULE 1 

MODULE 2 

MODULE 3 

MODULE 4 

.. .011... • 
........ 111... 
....• 0 .. 

............. .1L 

CCON 
~ __ ~ __ ~~ ____ L-__ -L ____ ~ __ ~ ____ ~ __ -J(~ 

Figure 3. PCA TImer/Counter 

r;;lriETl 
LKJ~ 

CCON 
(Dell) 

10 
INTERRUPT 
PRIORITY 
DECODER 

CMOD.O~ CCAPMr.O I ~~~~ I 
Figure 4. PCA Interrupt System 
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Symbol 

CIDL 

WDTE 

CPS1 

CPSO 

ECF 

NOTE: 

CYOD Address = OD9H Reset Value = OOXX XOOOB 

Bit Addressable 

CIDL WDTE CPS1 CPSO ECF 

Bit: 7 6 5 4 3 2 o 

Function 

Counter Idle control: CIDL = a programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 

Watchdog TImer Enable: WDTE = a disables Watchdog TImer function on PCA Module 4. WDTE = 1 enables it. 

Not implemented, reserved for future use.' 

PCA Count Pulse Select bit1. 

PCA Count Pulse Select bit o. 
CPS1 CPSO Selected PCA Input .. 

a 0 a Internal clock, Fosc + 12 
o 1 1 Internal clock, Fosc + 4 

a 2 TImer a overflow 
1 3 External clock at EC11P1.2 pin (max. rate = Fosc + 8) 

PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 

"User sottware should not write Is to reserved bits. These bns may be used in tuture 8051 family products to invoke new features In that case, the reset or inactive value of the new 
bit will be 0, and its adrve value will be 1. The value read from a reserved bit is indeterminale. 
"-Fosc ... osallator frequency 

Symbol 

CF 

CR 

CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

NOTE: 

Figure 5. CMOD: PCA Counter Mode Register 

CCON Address = OD8H Reset Value = OOXO OoooB 

Bit Addressable 

CF I CR CCF4 CCF3 CCF2 CCF1 CCFO 

Bit: 7 6 5 4 3 2 a 

Function 

PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 
set. CF may be set by either hardware or software but can only be cleared by software. 

PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to tum the PCA 
counter off. 

Not implemented, reserved for luture use'. 

PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be deared by software. 

PCA Module 3 internupt fiag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be deared by software. 

PCA Module a interrupt flag. Set by hardware when a match or capture occurs. Must be deared by software. 

\Jser software should not wnte 15 to reserved bits. These bits may be used in tuture 8051 family products to invoke new features. In that case, the reset Qf inactive value cj the 
new bit will be O. and Is active value will be 1. The va/ue read from a reserved bit is indererminate. 

Figure 6. CCON: PCA Counter Control Register 
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CCON Address CCAPMO ODAH 
ODBH 
ODCH 
ODDH 
ODEH 

Reset Value = XOOO OooOB 

Symbol 

ECOMn 

CAPPn 

CAPNn 

MATn 

TOGn 

PWMn 

ECCFn 

NOTE: 

CCAPMl 
CCAPM2 
CCAPM3 
CCAPM4 

Not Bit Addressable 

ECOMn I CAPPn I CAPNn MATn TOGn 

Bit: 7 6 5 4 3 

Funcllon 

Not implemented, reserved for future use'. 

Enable Comparator. ECOMn = 1 enables the comparator function. 

Capture Positive, CAPPn = 1 enables positive edge capture. 

Capture Negative, CAPNn = 1 enables negative edge capture. 

2 

PWMn I ECCFn 

1 0 

Match. When MATn = 1, a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 

Toggle. When TOGn = 1 , a match of the PCA counter with this module's compare/capture register causes the CEXn 
pin to toggle. 

Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated DUtpUt. 

Enable CCF interrupt. Enables cDmpare/capture flag CCFn in the CCON register tD generate an interrupt. 

~User software should not wnile 15 to resanved b~s. These brts may be used in future 8051 family products to Invoke new featuresln that r:ase, the reset or !inactive value of the 
new bit will be 0, and its actrv9 value will be 1. The value read from a reserved bit Is indelermnate 

Figure 7. CCAPMn: PCA Modules Compare/Capture Registers 

- ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn MODULE FUNCTION 

X 0 0 0 0 0 0 0 No operation 

X X 1 0 0 0 0 X 16-bit capture by a positive-edge trigger on CEXn 

X X 0 1 0 0 0 X 16-bit capture by a negative trigger on CEXn 

X X 1 1 0 0 0 X 16-bit capture by a transition on CEXn 

X 1 0 0 1 0 0 X 16-bit Software limer 

X 1 0 0 1 1 0 X 16-bit HighSpeed Output 

X 1 0 0 0 0 1 0 B-bitPWM 

X 1 0 0 1 X 0 X Watchdog limer 

Figure 8. PCA Module Modes (CCAPMn Register) 
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CF CR CCF4 

CEXn 

ECOMn I CAPPn I CAPNn I 
o 

8XC575 overview 

CCF3 I CCf21 

..... FL-----fl!f!Jo : .. ~.J-... -..• -. -----.... PC.\. INTERRUPT 

CAPTURE 

MATn TOGn 

o 

PWIIn 

o 

CCAP .... n= 1 to 4 
(DAH-DEH) 

Figure 9. PCA Capture Mode 
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WRITE TO 
CCAPnH RESET 

CF CR 1CCF4 I CCF3 I CCf2 I CCF1 I CCFO I f~ 

Figure 10. PCA Compare Mode 

890 

... ~ ........................ r:=; ... ' 
~ PCAINTERRUPT 

CCAPIIn, n= 110 4 
(DAH-DEH) 
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CF CR CCF4 CCF3 

WRITE TO 
CCAPnH RESET ; ... 

(TOCCFn) 

MATCH 

CCF2 CCF1 

8XC575 overview 

CCFO I CCON 
• (DaHJ 

.. 't"""""' .. " .... r=;,.,' 
~ PCAINTERRUPT 

TOGGLE 

CEXn 

PCA llMER/COUNTER 

Pulse Width Modulator Mode 
All of the PCA modules can be used as PWM 
outputs. Figure 11 shows the PWM 
function, The frequency of the output depends 
on the source for the PCA timer, All of the 
modules will have the same frequency of 
output because they all share the PCA timer, 
The duty cycle of each module is 
independentiy variable using the module's 
capture register CCAPLn. When the value of 
the PCA CL SFR is less than the value in the 
module's CCAPLn SFR the output will be low, 
when it is equal to or greater than the output 
will be high, When CL overflows from FF to 
00, CCAPLn is reloaded with the value in 
CCAPHn, the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module's CCAPMn register must be set 
to enable the PWM mode. 

WATCHDOG TIMER 
The watchdog timer is not directly loadable 
by the user, Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming, In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer, 

To feed the watchdog, two instructions must 
be sequentially executed successfully, No 
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Figure 11. PCA High Speed Output Mode 

intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog, The instructions should move 
A5H to the WFEEDI register and then 5AH 
to the WFEED2 register, If WFEEDl is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag, In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode, This is done to protect the 
integrity of the watchdog function. 

The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter, The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 
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(DAH-DEH) 

(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 

Programming the Watchdog Timer 
Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits, The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions, In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs, 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access), When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 
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Watchdog Detailed Operation 

EPROM Device (and ROM less Operation: 
EA=O) 
In the ROMless operation (ROM part, EA ~ 0) 
and in the EPROM device, the watchdog 
operates in the following manner (see figure 
14). 

Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 

• Watchdog mode bit set to watchdog mode. 

• Watchdog run control bit set to ON. 

• Autoload register set to 00 (min. count). 

• Watchdog time-out flag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 

If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 
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ENABLE 

OVERFLOW 

Figure 12. PCA PWM Mode 

the external RESET is applied, the watchdog 
time-out flag will be cleared. 

When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place (see Figure 16: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

• All other device action same as external 
reset 

Note that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 
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CEXn 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. "the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation (see figure 15). 

Watchdog Function 
The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. This is shown in 
Figure 17. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 
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autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :tosc is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, !MIN is 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAX is the maximum 
time-nut value (when the autoload value is 
FFH), 10 is the design time-out value. 

!MIN = Iosc x 12 x64 

!MAX = !MIN x 128 x 256 

10 = !MIN x 2PAESCALEA x W + 1 
(where prescaler = 0, 1, 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A !MAX will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than 10. (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within !MAX). Then the 
value for the prescaler would be chosen from: 

prescaler = log2 (lMAX' (tosc x 12 x 256)) - 6 

This then also fixes !MIN. An autoload value 
would then be chosen from: 

W = to '!MIN - 1 

The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 
(Bit Addressable) Address CO 
The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 
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WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 

The parameters written into WDMOD, PREO, 
PRE 1 , and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMDD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from direcUy foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 

The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
12 x 64 x 128 x lose. The watchdog timer will 
not generate an interrupt. Additional bits in 
WDCON are used to disable reset generation 
by the oscillator fail and low voltage detect 
circuits. WDCON can be written by software 
only by executing a valid watchdog feed 
sequence. 

WDCON Register Bit Definitions 
WDCON.7 PRE2 Prescaler Select 2, 

reset to 1 
WDCON.6 PRE1 Prescaler Select 1, 

reset to 1 
WDCON.S PREO Pres caler Select 0, 

reset to 1 
WDCON.4 LVRE Low Voltage Reset 

Enable, reset to 1 
(enabled) 

WDCON.3 OFRE Oscillator Fail Reset 
Enable, reset to 1 
(enabled) 

WDCON.2 WDRUN Watchdog Run, 
reset to 1 (enabled) 

WDCON.l WDTOF Watchdog TImeout 
Flag, reset to 0 

WDCON.O WDMOD Watchdog Mode, 
reset to 1 (watchdog 
mode) 
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Enhanced UART 
The UART operates in all of the usual modes 
that are described in the first section of this 
book for the BOCS1. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 87CS7S UART also fully 
supports mUltiprocessor communication as 
does the standard 80CS1 UART. 

When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON.7 bit with SMO and the function of 
SCON.7 is determined by PCON.6 (SMODO) 
(see Figure 13). If SMODO is set then 
SCON.? functions as FE. SCON.? functions 
as SMO when SMODO is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Referlo Figure 14. 

Automatic Address Recognition 
Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by selting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (RI) will be 
automatically set when the received byte 
contains either the "Given" address or the 
"Broadcast" address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 

The 8 bit mode is called Mode 1. In this mode 
the RI flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 

Mode 0 is the Shift Register mode and SM2 
is ignored. 
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MOV WFEED1,jjOA5H 
MaY WFEED2,05AH 

0SCI12 

8XC575 overview 

L-_a __ DL __ L-WD __ TE __ ~ ____ ~ ____ ~ ____ ~ __ C_PS __ l-L __ C_~ __ ~ __ EC_F~1 ~~ 

PCA llMERICOUNTER 

MATCH 
~-----------------------4~-~~---'R~T 

CCAPM4 
(DEH) 

Figure 13. PCA Watchdog Timer 

RESET 

SHADOW REGISTER 
FORWDCON 

WDCON 
(COH) 

Figure 14. Watchdog Timer in 87C575 and 8OC575 I 83C575 (EA = 0) 
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ROM-CODE 

~ ,,=======::1 PRE2:O 
WDMOD 

AIlIHIEllS. 
2032H 
2Q31H 
2030H WATCHDOG FEED SEQUENCE 

MOV WFEED1.MlASH 
MOV WFEED2./ISAH 

OSC/12 

Figure 15. Watchdog Timer of 83C575 in Watchdog Mode (EA = 1, WOMOO = 1) 

WDCON 
(COH) 

ROM-CODE 

CllIfiEtIL AIlIHIEllS. 

r-;::======:j WO .2032H PRE2:O 2031H 
WOMOD 2030H WATCHDOG FEED SEQUENCE 
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MOV WFEED1.MlASH 
MOV WFEE02,/ISAH 

OSCl12 

Figure 16. Watchdog Timer of 83C575 in Timer Mode (EA = 1, WOMOD = 0) 

B95 

WDCON 
(COH) 
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0SCi12 ------JI 

DDl.... . .....•• 
PRE2 010 ................................... .i =EJlIOO' ; 

.on. ........................................• 
PRE1 DECODE 100 ......................................... : 

101 .............. j 
PREO uo .... 

Symbol 

FE 

SMa 

SMI 

SM2 

REN 

TB8 

RB8 

11 

RI 

NOTE: 

III 

SCON Address = 98H 

Bit Addressable 

Bit: 

I SMOIFE I SMI 

7 

(SMODO = 0/1)* 

Function 

SM2 

6 5 

Figure 17. Watchdog Prascaler 

Reset Value = 0000 ooooB 

REN TB8 RB8 11 RI 

4 3 2 o 

Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 

Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 

Serial Port Mode Bit 1 
SMa SMI Mode Description Baud Rate-

0 0 0 shift register Foscl12 
0 1 8-bitUART variable 

0 2 9-bitUART Foscl64 or Foscl32 
1 3 9-bitUART variable 

Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the 
received 9th data bit (RBS) is I, indicating an address, and the received byte is a Given or Broadcast Address. In Mode 
I, if SM2 = 1 then RI will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be O. 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

In modes 2 and 3, the 9th data bit that was received. In Mode I, if SM2 = 0, RB8 is the stop bit that was receiVed. In 
Mode 0, RBS is not used. 

Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any senal transmission. Must be cleared bY software. 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 

·SMODo is located at PCONe. 
-Fosc = osciflator frequency 

Figure 18. SCaN: Serial Port Control Register 
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.1 
START DATA BYTE ONLY IN STOP 

lilT MODE 2, 3 lilT 

~--~~r---- SET FE lilT IF STOP IIITISO (FRAIING ERROR) 

SIlO 10 UART MODE CONTROl. 

SCON 
L-____ L-__ -J ____ -L ____ ~ __ ~~ __ _L ____ ~ __ ~ (·ffl 

....................... 

L-S_M_OD __ 1~I~SM_ODO_·~I~os __ F~~_P_OF __ L-_~_F~L-_G_~ __ L-G_F_1 __ L-_I_DL~I ~7~ 
o : SCON.7 = SIlO 
1 : SCON.7= FE 

Using the Automatic Address Recognition 
leature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All 01 the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to bused 
and which bits are "don't care". The SADEN 
mask can be logically ANDed with the 
SADDR to create the "IGiven" address which 
the master will use lor addressing each 01 the 
slaves. Use 01 the Given address allows 
multiple slaves to be recognized while 
exduding others. The lollowing examples will 
help to show the versatility 01 this scheme: 

Slave 0 SADDR 1100 0000 
SADEN 1111 1101 
Given 1100 OOXO 

Slave 1 SADDR 1100 0000 
SADEN 1111 lllQ 
Given 1100 OOOX 

In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between lhe two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1. Slave 1 requires a 
o in bit 1 and bit 0 is ignored. A unique 
address lor Slave 0 would be 1100 0010 
since slave 1 requires a 0 in bit 1. A unique 
address lor slave 1 would be 11000001 since 
a 1 in bit 0 will exclude slave O. Both slaves 
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Figure 19, UART Framing Error Detection 

can be selected at the same time by an 
address which has bit 0 = 0 (lor slave 0) and 
bit 1 = 0 (lor slave 1). Thus, both could be 
addressed with 11000000. 

I n a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 

Slave 0 SADDR 1100 0000 
SADEN llll lQQl 
Given 1100 OXXO 

Slave 1 SADDR 1110 0000 
SADEN llll lQ1Q 
Given 1110 OXDX 

Slave 2 SADDR 1110 0000 
SADEN Illl llQQ 
Given 1110 OOXX 

In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 11100110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1110 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 11100011. To select Slaves o and 1 and 
exclude Slave 2 use address 11100100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 

The Broadcast Address lor each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are teated as 
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don't~es. In most cases, interpreting the 
don't~es as ones, the broadcast address 
will be FF hexadecimal. 

Upon reset SADDR (SFR address DA9H) and 
SADEN (SFR address OB9H) are leaded with 
Os. This produces a given address 01 all 
"don't cares" as well as a Broadcast address 
01 all "don't cares·. this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard BOCSI 
type UART drivers which do not make use of 
this feature. 

Analog Comparators 
Four analog comparators are provided on 
chip. Three comparators have a common 
negative relerence CMPR- and independent 
positive inputs CMP1+, CMP2+, CMP3+ on 
port 3. The lourth comparator has 
independent positive and negative inputs 
CMPO+ and CMPO- on port 1. The CMP 
register contains an output and enable bit lor 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. Rgure 21 shows the connection of the 
comparators. 

Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding portSFR bits 
must be set by software to disable the 
pulldowns. 
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SCON 
L-__ ~~ __ ~~~L-__ -L ____ ~~~ ____ ~-T~ ~~ 

RECEIVED ADDRESS DO roD7 ------.lr-----,L-____ --' 
PROGRAMMED ADDRESS _____ L.:COII==PA:RA=JOR::J' 

IN UART MODE 2 OR MODE 3 AND SII2 = 1: 
INTERRUPT IF RENo1, RB8=1 AND "RECBVED ADDRESS" = ·PROGRAMMED ADDRESS" 

- WHEN OWN ADDRESS RECEIVED, CLEAR 5112 ro RECEIVE DATA BYTES 
- WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET 5112 TO WAIT FOR NEXT ADDRESS. 

Figure 20. UART Multiprocessor Communication, Automatic Address Recognition 

CMP Register Bit Definitions 
CMP.7 enable comparator 3, 
disable puliups at P3.4, P3.7 
CMP.6 enable comparator 2, 
disable puliups at P3.4, P3.6 
CMP.5 enable comparator I, 
disable puliups at P3.4, P3.5 
CMP.4 enable comparator 0, 
disable puliupsat Pl.0, Pl.l 
CMP.3 comparator 3 output (readonly) 
CMP.2 comparator 2 output (readonly) 
CMP.l comparator 1 output (readonly) 
CMP.O comparator 0 output (readonly) 

All comparators are disabled automatically in 
power down mode, in idle mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will tenninate idle mode when 
used to drive a PCA capture input. 

The CMPE register contains bits to enable 
each comparator to drive external output pins 
or internal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 

CMPE Register Bit Definitions 
CMPE.7 enables comparator 3to drive 

CEX3 
CMPE.6 enables comparator 2to drive 

CEX2 
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CMPE.5 enables comparator 1 to drive 
CEXI 

CMPE.4 enables comparator 0 to drive 
CEXO 

CMPE.3 enables comparator 3 output on 
Pl.6 (open drain) 

CMPE.2 enables comparator 2 output on 
Pl.5 (open drain) 

CMPE.l enables comparator 1 output on 
Pl.4 (open drain) 

CMPE.O enables comparator 0 output on 
Pl.3 (open drain) 

When Is are written to CMPE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When 1 s are 
written to CMPE bits 3-0 the comparator 
output will also drille the corresponding port 1 
pin. If the comparator's enabled to drive the 
capture input but not the port pin, then the 
port pin can be used for general purpose I/O. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 

There are two special function registers 
associated with the comparators. They are 
CMP which contains the comparator enables 
and a bit that can be read by software to 
detennine the state of each comparator's 
output, and CMPE which controls whether 
the output from each comparator drives the 
associated output pin or a capture input 
associated with one of the PCA modules. 
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The CMP registers bits 0-3 can be read by 
software to detennine the state of the output 
of each comparator. To do this the associated 
comparator must be enabled but the output in 
port 1 can be disabled. This allows easy 
polling of the comparator oUlpUt value without 
the need to use up a port pin. 

The CMPE register allows the comparator to 
drive the associated PCA module capture 
input, so that on compare a capture can be 
generated in the PCA. Bits 0-3 of this 
register enable the comparator output to drive 
the associated port 1 output circuitry. Used as 
a comparator output this circuitry is open 
drain. To enable the comparator output to 
drive to port 1, the corresponding port bit 
must also be set to disable the pulldown. If 
the comparator is nat enabled to drive the 
port 1 cirCUitry, the associated port 1 pin can 
be used for other I/O. This includes when a 
comparator is enabled to drille the capture 
input to a PCA module. 

Reduced EMI Mode 
There are twa bits in the AUXR register that 
can be set to reduce the internal clock drille 
and disable the ALE output. AO (AUXR.O) 
when set turns off the ALE output. LO 
(AUXR.l) when set reduces the drille of the 
internal clock circuitry. Both bits are cleared 
on Resel With LO set the 87C575 will still 
operate at 12MHz, but will have reduced EMI 
in the range above l00MHz. 
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EC31DC EC21DC EC11DC EC300·1 EC2OD·1 EC10D· 

8XC575 overview 

ECOOD· 
CMPE 
(81M) 

L _____ .1. ___ ""1.1. _____ .. 
, - - - - - .1. _____ I. __ .. __ ... 

P1.0 I CMPII+ 

P1.1/CMPO-

P3.5 I CMP1+ 

P3.6 I CMP2+ 

P3.7/CMP3+ 

P3.4 I CMPR-

• : WILL DISABLE PULLUPS 
ON RaEVANT PINS 

8XC575 Reduced EMI Mode 
AUXR(OX8E) 

I-I-I-I-I-I-I~I~I 
AD: Turns oil ALE output 

LD: Reduces drive of internal clock 
Circuitry. 8XC575 spec'd to 12 MHz 
when LOsel. 
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TO CEXO INPUT OF 
PCAMOOULEO 

TO CEl1 INPUT OF 
PCA MODULE 1 

TO CEl2 INPUT OF 
PCAMODULE2 

TO CEX3INPUT OF 
PCAMODULE3 

Figure 21. Analog Comparators 
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P1.3 I CMPQ 

P1.4/CMP1 

P1.5 I CMP2 

P1.6 I CMP3 

CMP 
(Bitt)· 
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CMOS single-chip 8-bit microcontroller 80C575/83C575/87C575 

DESCRIPTION FEATURES PIN CONFIGURATIONS 
The Philips 80C575/83C575187C575 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 

The 8XC575 contains an 8k x 8 ROM 
(83C575) EPROM (87C575), a 256 x 8 RAM, 
32110 lines, three 16-bit counterltimers, a 
Programmable Counter Array (PCA), a 
seven-source, two-priority level nested 
interrupt structure, an enhanced UART, four 
analog comparators, power-fail detect and 
oscillator fail detect circuits, and on-chip 
oscillator and clock circuits. 

In addition, the 8XC575 has a low active 
reset, and the port pins are reset to a low 
level. There is also a fully configurable 
watchdog timer, and internal power on clear 
circun. The part includes idle mode and 
power-down mode states for reduced power 
consumption. 

ORDERING INFORMATION 

• 80C51 based architecture 

- 8k x 8 ROM (83C575) 

- 8k x 8 EPROM (87C575) 

- ROMless (800575) 

- 256x8RAM 

- Three 16-bitcounter/timers 

- Programmable Counter Array 

- Enhanced UART 

- Boolean processor 

- Oscillator fail detect 

- Low active reset 

- Asynchronous low port reset 

- Schmitt trigger inputs 

- 4 analog comparators 

- Watchdog timer 

- Low Vee detect 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 

.4.0 to 16MHz 

• Extended temperature ranges 

• OTP package available 

TEMPERATURE RANGE OC 
ROMles$ ROM EPROM AND PACKAGE' 

.8 28 

P80C575EBP N P83C575EBP N P87C575EBPN o to +70, 40-Pin Plastic Dual In-line Package, OTP 

P80C575EBAA P83C575EBAA P87C575EBAA o to +70, 44-Pin Plastic Leaded Chip Carrier, OTP 

P87C575EBFFA o to +70, 40-Pin Ceramic Dual In-line Package, UV 

P87C575EBLKA o to +70, 44-Pin Ceramic Leaded Chip Carrier, UV 

P80C575EHPN P83C575EHPN P87C575EHPN -40 to + 125, 40-Pin Plastic Dual In-line Package, OTP 

P80C575EHAA P83C575EHAA P87C575EHAA -40 to + 125, 44-Pin Plastic Leaded Chip Carrier, OTP 

P87C575EHFFA -40 to + 125, 40-Pin Ceramic Dual In-line Package, UV 

P87C575EHLKA -40 to + 125, 44-Pin Ceramic Leaded Chip Carrier, UV 

P80C575EBBB P83C575EBBB P87C575EBBB o to +70, 44-Pin Plastic Quad Flat Pack, OTP 

1. orp -One Time Programmable EPROM. UV - Erasable EPROM 
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.2 

FREQ 
(MHz) 

16 

16 

16 

16 

16 

16 

16 

16 

16 

PO.OIADO 

PO.1IAD. 

PO.2IADZ 

PO.3IAD3 

POAlAD4 

PO.51ADS 

PO.6/AD& 

PO.7IAD7 

P2.7IA.5 

P2.&iA14 

P2.5IA.3 

P2.41A.2 

P2.3/Al1 

P2.21A10 

P2.1IA9 

P2.0/A9 

22 

DRAWING 
NUMBER 

04150 

0403G 

0590B 

1472A 

0415C 

0403G 

0590B 

1472A 

11180 

853-1684-08604 
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CERAMIC AND PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 

~ n ~ 
7C 

0 psg 

Lee 

17e r::129 

'1i ;; 
Pin Function Pin F&.nCtlon 

1 NC 23 NC 
2 T21P1.OCMPO+ 24 P2.o/AB 
3 T2ElCIP1.1ICMPO- 25 P2.1/A9 
4 P1.2lECI 26 P2.21A10 
5 P1.3ICMPOICEXO 27 P2.31A11 
6 P1.4ICMP1ICEX1 2B P2.41A12 
7 P1.5ICMP2ICEX2 29 P2.51A13 
8 P1.6ICMP3ICEX3 30 P2.61A14 
9 P1.7ICEX4 31 P2.7/A15 

10 "RST 32 l'SEI'I 
11 Rx01P3.0 33 ALEIPROG 
12 NC 34 NC 
13 Tx0lP3.1 35 ElWpp 
14 lNTOIP3.2 36 PO.7/AD7 
15 lfirr11P3.3 37 PO.61AD6 
16 TIl/P3.4iCMPR- 38 PO.51AD5 
17 T11P3.5ICMP1+ 39 PO.41AD4 
18 WRiP3.6ICMP2+ 40 PO.31AD3 
19 mJiP3.7CMP3+ 41 PO.2IAD2 
20 XTAl2 42 PO.lIAD1 
21 XTAl1 43 PO.O/AOO 
22 VSS 44 VCC 

LOGIC SYMBOL 

Vee 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

ii 
,= 0 

POFP 

11= 
tl 
12 

Pin Fww:tion 
1 P1.51CMP2ICEX2 
2 P1.61CMP3ICEX3 
3 P1.7ICEX4 
4 "RST 
5 RxD/P3.D 
6 NC 
7 TXD/P3.1 
8 lfirrll/P3.2 
9 lfirrllP3.3 

10 TOIP3.4ICMPR-
11 T11P3.51CMP1+ 
12 WRlP3.6ICMP2+ 
13 RU/P3.7CMP3+ 
14 XTAl2 
15 XTAL1 
16 VSS 
17 NC 
18 P2.O/AB 
19 P2.1IA9 
20 P2.21A10 
21 P2.31A11 
22 P2.4/A12 

Vss 

E~~~:: ADDRESS AND :=: ~:=: DATA BUS 

-- +-+ -- --
rr ~

T2 4- CMPO. 
T2EJ(4- CMPCI-

- Ea 
~ CMPO~EXO 
~ CMP1~EX1 

CMP2ICEX2 
CMP3ICEX3 

~i~~-: 

H 
=33 

=23 

tl 
22 

Pin Function 
23 P2.51A13 
24 P2.61A14 
25 P2.7/A15 
2S PSEN 
27 ALEIPROG" 
2B NC 
29 ElWpp 
30 PO.7/AD7 
31 PO.61AD6 
32 PO.51ADS 
33 PO.41AD4 
34 PO.31AD3 
35 PO.21AD2 
36 PO.lIAD1 
37 PO.O/AOO 
38 Vee 
39 NC 
40 T21P1.OCMPO+ 
41 T2ElCIP1.1ICMPO-
42 P1.2lECI 
43 P1.3.cMPOICEXO 
44 P1.4iCMP1 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

PIN NUMBER 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee 40 44 38 I Po_ Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.O-O.7 39-32 43-36 37-30 110 Port 0: Port 0 is an open-<frain bidirectional 110 port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong intemal pull-ups when emitting 1 s. Port 0 also receives code 
bytes during EPROM programming and outputs code bytes during program verification. 
External pull-ups are required during program verification. During reset, prot 0 will be 
asynchronously driven low and will remain low until written to by software. All port 0 pins 
have Schmitt trigger inputs with 200mV hysteresis. A weak pulldown on port 0 guarantees 
positive leakage current (see DC Electrical Characteristics: Il1). 

Pl.O-Pl.7 1-8 2-9 40-44 1/0 Port 1: Port 1 is an 8-bit bidirectional 110 port. Port 1 pins have internal pull-ups such that 
1-3 pins that have 1 s written to them can be used as inputs but will source current when 

externally pulled low (see DC Eleclrical Characteristics: I,Ll. Port 1 receives the Iow-order 
address byte during program memory verification and EPROM programming. During reset, 
port 1 will be asynchronously driven low and will remain low until written to by software. All 
port 1 pins have Schmitt trigger inputs with 50mV hysteresis. Port 1 pins also serve 
alternate functions as follows: 

1 2 40 1/0 Pl.D T2 Timer 2 external 110 
CMPO+ Comparator 0 positive input 

2 3 41 I Pl.l T2EX Timer 2 capture input 
CMPo- Comparator 0 negative input 

3 4 42 I Pl.2 ECI PCA count input 
4 5 43 1/0 Pl.3 CEXO PCA module 0 extemaillO 

CMPO Comparator 0 output 
5 6 44 110 Pl.4 CEXI PCA module 1 external 1/0 

CMP1 Comparator 1 output 
6 7 1 1/0 Pl.S CEX2 PCA module 2 external 110 

CMP2 Comparator 2 output 
7 8 2 1/0 Pl.6 CEX3 PCA module 3 external 1/0 

CMP3 Comparator 3 output 
B 9 3 VO Pl.7 CEX4 PCA module 4 external 1/0 

P2.O-P2.7 21-28 24-31 18-25 1/0 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1 s 
written to them can be used as inputs, but will source current when externally pulled low 
(see DC Electrical Characteristics: ILl. Port 2 emits the high-order address byte during 
accesses to external program and data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1 s. Port 2 
receives the high-order address byte during program verification and EPROM programming. 
During reset, port 2 will be asynchronously driven low and will remain low until written to by 
software. Port 2 can be made open drain by writing to the P20D register (AIH). In open 
drain mode, weak pulldowns on port 2 guarantee positive leakage current (see DC Electrical 
Characteristics lu). 

P3.O-P3.7 10-17 II, 5. VO Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins except P3.1 
13-19 7-13 that have 1 s written to them can be used as inputs but will source current when extemally 

pulled low (see DC Electrical Characteristics: I'l)' P3.1 will be a high impedance pin except 
while transmitting serial data, in which case the strong pul~up will remain on continuously 
when outputting a 1 level. The P3.1 output drive level when transmitting can be set to one of 
two levels by the writing to the P3.1 register bit. During reset all pins (except P3.1) wiD be 
asynchronously driven low and will remain low until written to by software. All port 3 pins 
have Schmitt lrigger inputs with 200mV hysteresis, except P3.2 and P3.3, which have SOmV 
hysteresis. Port 3 pins serve alternate functions as follows: 
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PIN DESCRIPTIONS (Continued) 

PIN NUMBER 

MNEMONIC DIP LCC QFP TYPE 

10 11 
11 13 
12 14 
13 15 
14 16 

15 17 

16 18 

17 19 

mIT 9 10 

ALEIPROO 30 33 

PSrn 29 32 

FJiNpp 31 35 

XTAL1 19 21 

XTAL2 18 20 

POWER ON CLEAR I 
POWER ON FLAG 

5 
7 
8 
9 
10 

11 

12 

13 

4 

27 

26 

29 

15 

14 

An on-chip Power On Detect Circuit resets 
the 8XC575 and sets the Power Off Flag 
(PCON.4) on power up or if Vee drops to 
zero momentarily. The POF can only be 
cleared by software. The RST pin is not 
driven by the power on detect circuit. The 
POF can be read by software to determine 
that a power failure has occurred and can 
also be set by software. 
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I 
0 
I 
I 
I 

I 

0 

0 

I 

I/O 

0 

I 

I 

0 

NAME AND FUNCTION 

Port 3: (continued) 
P3.0 RxD Serial receive port 
P3.1 TxD Serial transmit port 
P3.2 1RTIr Extemal interrupt 0 
P3.3 INTf Extemal interrupt 1 
P3.4 TO Timer/counter 0 input 

CMPR· Common - reference to comparators 1, 2, 3 
P3.5 11 Timer/counter 1 input 

CMP1+ Comparator 1 positive input 
P3.6 WR Extemal data memory write strobe 

CMP2+ Comparator 2 positive input 
P3.7 RD Extemal data memory read strobe 

CMP3+ Comparator 3 positive input 

Reset: A low on this pin asynchronously resets all port pins to a low state except P3.1. The 
pin must be held low with the oscillator running for 24 oscillator cycles to initialize the 
intemal registers. An intemal diffused resistor to Vee permits a power on reset using only an 
extemal capacitor to Vss. RST has a Schmitt trigger input stage to provide adcitional noise 
immunity with a slow rising input voltage. 

Address Latch EnablelProgram Pulse: Output pulse for latching the low byte of the 
address during an access to eX1emal memory. In normal operation, ALE is emitted at a 
constant rate of 116 the oscillator frequency, and can be used for extemal timing or clocking. 
Note that one ALE pulse is skipped during each access to extemal data memory. ALE is 
switched off if the bit 0 in the AUXR register (SEH) is set This pin is also the program pulse 
input (PROG) during EPROM programming. 

Program Store Enable: The read strobe to extemal program memory. When the device is 
executing code from the extemal program memory, PSrn is activated twice each machine 
cycle, except that two PSrn activations are skipped during each access to extemal data 
memory. PSrn is not activated during fetches from intemal program memory. 

External Access Enable/Programming Supply Voltage: 8( must be extemally held low 
to enable the device to fetch code from extemal program memory locations OOOOH to 
1 FFFH. If 8( is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1 FFFH. This pin also receives the 
12.75V programming supply wltage (Vpp) during EPROM programming. 

Crystal 1 : Input to the inverting oscillator amplifier and input to the intemal clock generator 
circuits. 

Crystal 2: Output from the inverting oscillator amplifier. 

LOW VOLTAGE DETECT 
An on-chip Low Voltage Detect circuit sets 
the Low Voltage Flag (PCON.3) if Vee drops 
below VLQW (see DC Electrical 
Characteristics) and resets the 8XC575 if the 
Low Voltage Reset Enable bit (WDCON.4) is 
set. If the LVRE is cleared, the reset is 
disabled but LVF will still be set if Vee is low. 
The RST pin is not driven by the low voltage 
detect circuit. The LVF can be read by 
software to determine that Vee was low. The 
LVF can be set or cleared by software. 

904 

OSCILLATOR FAIL DETECT 
An on-chip Oscillator Fail Detect circuit sets 
the Oscillator Fail Flag (PCON .5) if the 
oscillator frequency drops below OSCF for 
one or more cycles (see AC Electrical 
Characteristics: OSCF) and resets the 
8XC575 if the Oscillator Fail Reset Enable bit 
(WDCON.3) is set. If OFRE is cleared, the 
reset is disabled but OSF will still be set if the 
oscillator fails. The RST pin is not driven by 
the oscillator fail detect circuit The OSF can 
be read by software to determine that an 
oscillator failure has occurred. The OSF can 
be set or cleared by software. 



Philips Semiconductors Microcontroller Products 

CMOS single-chip a-bit microcontroller 

WATCHDOG TIMER 
The watchdog timer is not directly Ioadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
regisler or is pan of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriale value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 

To feed the watchdog, two instructions must 
be sequentially executed successfully. No 
intervening i,nstruction fetches are allowed, so 
inlerrupts should be disabled before feeding 
the watchdog. The instructions should move 
ASH to the WFEEDI register and then 5AH 
to the WFEED2 register. If WFEEDI is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediale underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it prolects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its lerminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag. In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 

The watchdog timer subsystem consists of a 
prescaier and a main counler. The pres caler 
has 8 selectable taps off the final stages and 
the output of a selecled tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the syslem reset 
(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its lerminal 
count 

Programming the Watchdog Timer 
Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out Hag is present in the 
watchdog control regiSler and operaleS the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
paramelers from the SFRs or from the mask 
programmed values is controlled by EA 
(eXlemal access). When EA is high (internal 
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ROM access), the watchdog paramelers are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (extemal access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migraled to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 

Watchdog Detailed Operation 

EPROM Device (and ROMless Operation: 
EA=O) 
In the ROMless operation (ROM pari, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner. 

Whether the watchdog is in the watchdog or 
timer mode, when exlemal RESET is applied, 
the following takes place: 

• Watchdog mode bit set to watchdog mode. 

• Watchdog run control bit set to ON. 

• Autoload regisler set to 00 (min. count). 

• Watchdog time-out Hag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 

If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 
the extemal RESET is applied, the watchdog~ 
time-out flag will be cleared. 

When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload regiSler unchanged. 

• Prescaler tap unchanged. 
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• All other device action same as external 
reset. 

Nole that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an exlemal reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out Hag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out ftag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

Mask ROM Device (EA = 1) 
In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. If the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation. 

Watchdog Function 
The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 13 stage counter with taps from 
stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter 
is a down counler clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generales an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 
autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :tosc is the oscillator 
period, N is the selecled prescaler tap value, 
W is the main counter autoload value, tMIN is 
the minimum watchdog time-out value (when 
the autoload value is 0), Ir.!AX is the maximum 
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time-out value (when the autoload value is 
FFH), 10 is the design time-out value. 

tMIN; lose x 12 x64 

tMAX; !MIN x 12B x 256 

tD ; !MIN x 2PRESCALER x W + 1 
(where prescaler ; 0, I, 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A !MAX will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than 10. (If the watchdog were 
inadvertendy to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within !MAX). Then the 
value for the prescaler would be chosen from: 

pre scaler ; log2 (!MAX I (lose x 12 x 256)) - 6 

This then also fixes tMIN. An autoload value 
would then be chosen from: 

W; 10 I !MIN - 1 

The software must be written so that a feed 
operation takes place every 10 seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 
(Bit Addressable) Address CO 
The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 
WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 

The parameters written into WDMOD, PREO, 
PRE1, and PRE2 by the program are not 
applied direcdy to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from direcdy foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 

The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
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12 x 64 x 12B x Iosc. The watchdog timer will 
not generate an interrupt. Additional bits in 
WDCON are used to disable reset generation 
by the oscillator fail and low voltage detect 
circuits. WDCON can be written by software 
only by executing a valid watchdog feed 
sequence. 

WDCON Register Bit Definitions 
WDCON.7 PRE2 Prescaler Select 2, 

reset to 1 
WDCON.6 PREI Prescaler Select I, 

reset to 1 
WDCON.5 PREO Prescaler Select 0, 

reset to 1 
WDCON.4 LVRE Low Voltage Reset 

Enable, reset to 1 
(enabled) 

WDCON.3 OFRE Oscillator Fail Reset 
Enable, resetto 1 
(enabled) 

WDCON.2 WDRUN Watchdog Run, 
reset to 1 (enabled) 

WDCON.l WDTOF Watchdog 1imeout 
Flag, reset to 0 

WDCON.O WDMOD Watchdog Mode, 
reset to 1 (watchdog 
mode) 

INTERNAL RESET 
I ntemal resets generated by the power on, 
low voltage, and oscillator fail detect circuits 
are self timed to guarantee proper 
initialization of the BXC575. Reset will be held 
approximately 24 oscillator periods after 
normal conditions are detected by all enabled 
detect circuits. Internal resets do not drive 
~ but will cause missing pulses on ALE. 

ANALOG COMPARATORS 
Four analog comparators are provided on 
chip. three comparators have a common 
negative reference CMPR- and independent 
positive inputs CMP 1 +, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMPO+ and CMPO- on port 1. The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
EBH. 

Pull ups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding port SFR bits 
must be set by software to disable the 
pulldowns. 
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CMP Register Bit Definitions 
CMP.7 enable comparator 3, 

disable pullups at P3.4, P3.7 
CMP.6 enable comparator 2, 

disable pullups at P3.4, P3.6 
CMP.5 enable comparator I, 

disable pullups at P3.4, P3.5 
CMP.4 enable comparator 0, 

disable pullups at P1.0, Pl.l 
CMP.3 comparator 3 output (readonly) 
CMP.2 comparator 2 output (readonly) 
CMP.l comparator 1 output (readonly) 
CMP.O comparator 0 output (readonly) 

All comparators are disabled automatically in 
power down mode, in idle mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will terminate idle mode when 
used to drive a PCA capture input. 

The CMPE register contains bits to enable 
each comparator to drive extemal output pins 
or internal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 

CMPE Register Bit Definitions 
CMPE.7 enables comparator 3to drive 

CEX3 
CMPE.6 enables comparator 2 to drive 

CEX2 
CMPE.5 enables comparator 1 to drive 

CEXI 
CMPE.4 enables comparator 0 to drive 

CEXO 
CMPE.3 enables comparator 3 output on 

P1.6 (open drain) 
CMPE.2 enables comparator 2 output on 

Pl.5 (open drain) 
CMPE.l enables comparator 1 output on 

Pl.4 (open drain) 
CMPE.O enables comparator 0 output on 

Pl.3 (open drain) 

When Is are written to CMPE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When 1 s are 
written to CMPE bits 3'{) the comparator 
output will also drive the corresponding port 1 
pin. If the comparator s enabled to drive the 
capture input but not the port pin, then the 
port pin can be used for general purpose 110. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 
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Interrupt Enable (IE> Register 
EA I E.7 enable all interrupts 
EC IE.6 enable PCA interrupt 
ET2 IE.S enable Timer 2 interrupt 
ES I E.4 enable Serial 110 interrupt 
ET1 IE3 enable Timer 1 interrupt 
EX1 IE.2 enable External interrupt 1 
ETO IE.1 enable Tirner 0 interrupt 
EXO IE.O enable External interrupt 0 

Interrupt Priority (IP) Register 
I P.7 reserved 

PPC IP.6 PCA interrupt priority 
PT2 I P.S Timer 2 interrupt priority 
PS I P.4 Serial 110 interrupt priority 
PTl I P.3 Timer 1 interrupt priority 
PX1 IP.2 External interrupt 1 priority 
PTO I P. 1 Timer 0 interrupt priority 
PXO IP.O External interrupt 0 priority 

Priority Soun:e Rag Vector 
1 INTO lEO 03H highest priority 
2 Timer 0 TFO OBH 
3 INTl IE1 13H 
4 Timer 1 TF1 1BH 
S PCA CF,CCFn 33H 
6 Serial 110 RI,TI 23H 
7 Timer 2 TF2lEXF2 2BH lowest priority 

Power Control (peON) Register 
SMOD1 PCON.7 double baud rate bit 
SMODO PCON.6 SCON.7 access control 
OSF PCON.S oscillator fail flag 
POF PCON.4 power off flag 
LVF PCON.3 low voltage flag 
GFO PCON.2 general purpose flag 
PO PCON.1 power down mode bit 
IDL PCON.O idle mode bit 

Auxilliary Register Bit Definitions 
(AUXR= 8EH) 
AO AUXA-O ALE Off, 

when set turns off ALE 
LO AUXA-1 Low Speed, 

reduces internal clock drive 

Port 2 Pullup Disable Register 
(P20D = OA1H) 
Port 2 pullups can be disabled by writing 
ones to P20D. Each bit in P20D controls the 
corresponding bit in P2. P20D resets to all 
zeros enabling Port 2 pullups. Writing one to 
a P20D bit disables pullups at the 
corresponding port 2 bit making the output 
open drain. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 901. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is lett unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Table 1. External Pin Status During Idle and Power-Down Modes 
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IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which tirne the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-<lown mode, the oscillator is 
stopped and the instruction to invoke 
power-<lown is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. Power-<lown mode can be 
terminated with either a hardware reset or 
external interrupt With an external interrupt 
Tfrrn or lNTf must be enabled and 
configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin 
back high completes the exil. 

DESIGN CONSIDERATIONS 
At power-on, the voltage on Vee must come 
up with !=1ST low for a proper start-up. 

Table 1 shows the state of 1/0 ports during 
low current operating modes. 

MODE PROGRAM MEMORY ALE PSER PORTO PORT 1 PORT 2 PORT 3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Roat Data Address Data 

Power-<lown Internal 0 0 Data Data Data Data 

Power-<lown External 0 0 Float Data Data Data 
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ROM CODE SUBMISSION 
When submitting ROM code for the 83C575, the following must be specified: 
1. 8k byte user ROM data 

2. 32 byte ROM encryption key 

3. ROM security bits 

4. The watchdog timer parameters. 

ADDRESS CONTENT BIT(S) COMMENT 

DODOH to 1 FFFH DATA 7:0 User ROM Data 

2ODOH to 201 FH KEY 7:0 ROM Encryption Key 
FFH = no encryption 

2020H SEC 0 ROM Security Bit 1 

2020H SEC 1 ROM Security Bit 2 
o = enable security 
1 = disable security 

2030H WMOD 0 Watchdog mode bit; 
DOH = timer mode 
01 H = watchdog mode 

2031H PRE2:0 2:0 Watchdog prescaler selection; 
OOH = divide by 12 x 64 
07H = divide by 12 x 64 x 128 
(see specification) 

2032H WD 7:0 Watchdog autoload value 
(see specification) 

Security Bit 1 : When programmed, this bit has two effects on masked ROM parts: 
1. External MOVC is disabled, and 
2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Operating temperature under bias -55 to +125 °C 

Storage temperature range ~5 to +150 °C 

Voltage on El\Npp pin to Vss o to +13.0 V 

Voltage on any other pin to Vss -0.5 to +6.5 V 

Maximum IOl per 1/0 pin 15 mA 

Power dissipation (based on package heat transfer limitations, not 1.5 W 
device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 
T ant> = O°C to +70°C and -40OC to + 125°C Vee = 5V +20% Vss = OV -

TEST UMITS 

SYMBOL PARAMETER CONDITIONS MIN TYp1 MAX UNIT 

VIL Input low voltage (Ports 0, 2, 3, except 3.2, 3.3) -0.5 0.5Vcc-O.S V 

Vll1 Input low voltage (Ports 1, 3.2, 3.3) -0.5 0.S5Vcc-O.5 V 

VIl2 Input low voltage (lOA) 0 0.2Vcc-O.45 V 

VIL3 Input low voltage (XTAL 1, RST) -0.5 0.2Vcc-O.l V 

VIH Input high voltage (Ports 0, 2, 3, except 3.2, 3.3) 0.5Vee+0.8 Vee+0.5 V 

VIH1 Input high voltage (Ports 1, 3.2, 3.3) 0.8Vee+0.3 Vee+0.5 V 

VIH2 Input high voltage (EA) 0.2Vee+D·9 Vee+0.5 V 

VIH3 Input high voltage (XTAL 1, RST) O·7Vee Vee+0.5 V 

HYS Hysteresis (Ports 0, 2, 3, except 3.2, 3.3) 200 mV 

HYSI Hysteresis (Ports 1, 3.2, 3.3) 50 mV 

VOL Output voltage low (Ports 1, 2, 3, except 3.1) 10L= I.SmA 0.45 V 

VOll Output voltage low (Ports 0, ALE, f'SE1\Il 10L = 3.2mA 0.45 V 

VOl2 Output voltage low 
P3.1 with bit cleared 10L= 10.0mA 0.50 V 
P3.1 with bit set 10L= I.SmA 0.45 V 

VOH Output voltage high (Ports 1, 2, 3, except P3.1) 10H =-301lA Vee-O.7 V 
10H = -IOIlA Vee-O.3 V 

VOH1 Output voltage high (PortO in external bus mode, ALE, 10H =-3.2mA Vee-O·7 V 
l'SEFl") 10H = -2001lA Vee-O·3 V 

VOH2 Output voltage high 
P3.1 with bit cleared 10H =-10.0mA Vee-1.5 V 
P3.1 with bit set IOH=-1.6mA Vee-1.5 V 

VIO Offset voltage comparator inputs -35 +35 mV 

VCR Common mode range comparator inputs 0 VCC V 

IlL Logical 0 input current (Ports 1, 2, 3, except 3. 1) VIN = 0.45V -75 J.IA 

ITL 
Logical l-to-O transition current 
(Ports 2, 3, except 3.1 , 3.2, 3.3) 4 

See Note 4 --£00 J.IA 

ITL1 Logicall-to-O transition current (Ports 1,3.2,3.3) See Note 4 -450 J.IA 

III 
Input leakage current (Port 0, Port2 in open 
drain mode)9 0.45 < VIN < Vce 2 40 J.IA 

112 Input leakage current (EA", P3.1) 0.45 < VIN < Vee -10 +10 J.IA 
ILc Input leakage current comparator inputs 0< VIN <Vee -1.0 +1.0 J.IA 
lee Power supply current:7 See noteS 

Active mode@ ISMHz5 20 30 rnA 
Idle mode @ 16MHz 8 12 rnA 
Power-down mode 5 75 J.IA 

RRST Internal reset pull-up resistor VIN = OV 50 200 kQ 

VLOw Low Vee detect voltage 4.0 4.45 V 

CIO Pin capacitance 10 f= lMHz 10 pF 

NOTES: (SEE NEXT PAGE) 
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NOTES TO THE DC ELECTRICAL CHARACTERISTICS TABLE: 
1. Typical ratings are not guaranteed. The values listed are at room temperarure, 5V. 
2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLS of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. IOL can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test concitions. 

3. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSE1iI' to momentarily fall below the O.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when V1N is between V1H and V1L. 

5. IccMAX at other frequencies can be determined from Figure 8. 
S. See Figures 9 through 12 for Icc test conditions. 
7. Load capacitance for port 0, ALE, and PSEN = l00pF, load capacitance for all other outputs = 80pF. 
8. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum 10L per port pin: lOrnA 
Maximum IOL per 8-bit port: 26mA 
Maximum total IOL for all outputs: 71 rnA 

If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

9. Specification applies to Port 2 when P20D bit is set. 
10. 15pF MAX for the "FMVpp and PO.O pins. 
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AC ELECTRICAL CHARACTERISTICS 
T mb - O°C to +70°C and-40°C to +125°C Vee - 5V ±20% Vss -OV1.2 a - - -

VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX UNIT 

11lcLCL 1 Oscillator frequency: Speed Versions 
BXC575 E S lS MHz 

OSCF Oscillator fail detect frequency O.S 5.5 MHz 

TR Comparator response time 10 ~s 

ILHLL 1 ALE pulse width 2IcLCL-40 ns 

tAvLL 1 Address valid to ALE low IcLCL-25 ns 

ILLAX 1 Address hold after ALE low IcLCL-25 ns 

ILliv 1 ALE low to valid instruction in 41cLCL-75 ns 

tLLPL 1 ALE low to 'F'S'EJiIlow IcLCL-25 ns 

IpLPH 1 '!'SEN pulse width 3IcLCL-45 ns 

tpliv 1 '!'SEN low to valid instruction in 31cLCL-70 ns 

IpXIX 1 Input instruction hold after l"SE1if 0 ns 

IpXIZ 1 Input instruction float after '!'SEN IcLCL-25 ns 

tAVIV 1 Address to valid instruction in 5IcLCL-85 ns 

tpLAZ 1 !'SEN low to address fioat 10 ns 

Data Memory 

tRLRH 2.3 mJ pulse width SIcLCL-100 ns 

tWLWH 2.3 WR pulse width SIcLCL-100 ns 

tRLDV 2.3 mJ low to valid data in 51cLcL-110 ns 

tRHDX 2.3 Data hold after mJ 0 ns 

tRHDZ 2.3 Data float after RD 2IcLCL-2B ns 

'LLDv 2,3 ALE low to valid data in BlcLcL-l50 ns 

tAVDV 2,3 Address to valid data in 9IcLCL-165 ns 

tLLwL 2,3 ALE low to mJ or WR low 31cLcL-50 3lcLCL+50 ns 

tAVWL 2,3 Address valid to WR low or mJ low 4lcLcL-75 ns 

tavwx 2,3 Data valid to WR transition IcLCL-30 ns 

tWHQX 2,3 Data hold after WR IcLCL-25 ns 

tRLAZ 2,3 mJ low to address float 0 ns 

tWHLH 2,3 mJ or WR high to ALE high lcLCL-25 lcLCL +25 ns 

External Clock 

IcHCX 5 High time 12 ns 

IcLCX 5 Low time 12 ns 

IcLCH 5 Rise time 20 ns 

IcHCL 5 Fall time 20 ns 

Shift Register 

tXLXL 4 Serial port clock cycle time 121cLCL ns 

taVXH 4 Output data setup to clock rising edge 10lcLCL-133 ns 

tXHQX 4 Output data hold after clock rising edge 2IcLCL-OO ns 

tXHDX 4 Input data hold after clock rising edge 0 ns 

tXHDV 4 Clock rising edge to input data valid 10lcLCL -133 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and l"SE1if = 100pF, load capacitance for all other outputs = 80pF. 
3. Interlacing the 80C32152 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 

drivers. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The P - 1'Srn 
first character is always 't' (= time). The other Q - Output data 
characters, depending on their positions, R - mJ signal 
indicate the name of a signal or the logical t - TIme 
status of that signal. The designations are: V - Valid 
A - Address W- WI1 signal 
C - Clock X - No longer a valid logic level 
D - Input data Z - Float 
H - Logic level high Examples: I.4VLL = TIme for address valid to 
I - Instruction (program memory contents) ALE low. 
L - Logic level low, or ALE \tLPL = TIme for ALE low to 

PS"ENlow. 

ALE 

PORTO AO-A7 

PORT 2 A8-A15 

Figure 1. External Program Memory Read Cycle 

ALE "'- V 

-'WHLH-

-, 'LLDV 

-'llWl 'RlRH 

no 

" / 

tAVLL ~lAX • 
~tRlDV- lOr- · tRHDZ 

=>---< 
IRlAZ IRHDX -

AO-A7 m: ~ FROM RI OR DPl 'I DATA IN AO-A7 FROM pel INSTRIN PORTO 

~ IAVWl --_.-> 

tAVDV 

PORT 2 )< P2.0-P2.7 OR A8-A15 FROM DPF AO-A15 FROM PCH 

Figure 2. External Dala Memory Read Cycle 
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ALE "- V 

f..-tWHlH --

+--tllWl tWlWH 

WR 
V 

tUAX 
~ tAVU tovwx ..... f4- tWHQX 

PORTO ~ 
_A1 

>< FROM RI OR OPl DATA OUT X AD-AI FROM PCl INSTRIN 

--t AVWl -------

PORT 2 )< P2.~.1 OR A8-A.S FROM DPF AO-A.S FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUCTION o 

ALE 

r- tXlXl -1 -------, 
CLOCK 

1 .... 11- tXHQX I 
taVXH ~I 

OUTPUT DATA, _____ .-------.. 

f 
WRITE TO SBUF 

INPur DATA 

'-----t' 
CLEAR RI t 

SETRI 

Figure 4. Shift Register Mode liming 
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VCc-O·s 

O.45V 

Figure 5. External Clock Drive 

YLOAO""O·lV vcc-<J.s=x >C O.2VCC"'·9 

O.4sV ._(l_2_V-'C:::c-O'-._' ____ ~ 
VLOAD'-----< 

VLOAo-O·1V 

NOTE: NOTE, 

TIMING 
REFERENCE 

POINTS 

VQH-O.1V 

VOLt .. (J.1V 

AC inputs during testing are driven at Vee -0.5 fora logic '1' and O.45V for a logic '0'. 

Timing measurements are made at VIH min for a logic '1' and VIL for a logic '0'. 

For timing purposes, a port is no longer floating when a 100mV change from load 
voltage occurs, and begins to float when a 100mV change from the loaded VoHl' 
VOL level occurs. IOH/lol2=. ±..20mA. 

Figure 6. AC Testing Input/Output Figure 7. Float Waveform 
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M.---------.--.------------,-----------~~--------~ 

MAX ACTIVE 

2S~-----4-+_--

~r-------~-4~--------~~--------_+--~------~ 

TYPACTIVE 

ICC (mA) 15~-----+__+-~~----4_--~~~~-~_+-----~ 

MAX IDLE 

TYPIDLE 

o L-________ ~_L ____________ L_ __________ _L~ ________ ~ 

o 10 

FREQUENCY (MHz) 

Figure 8. Icc vs. FREQ 

15 16 

Valid only within frequency specifications of the device under test 
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(NC) 

CLOCK SIGNAL 

Figure 9. Icc Test Condition, Active Mode 
All other pins are disconnected 

VcC"'l·5 

O.4SV 
O.7Vcc 

O.2VcC"'l·1 

(NC) 

CLOCK SIGNAL 

Product specification 

80C575/83C575/87C575 

Vcc r----------------, 
vcc 

RST 

lCTAL2 

lCTALl 

VSS 

vcc 

ICC 

Figure 10. Icc Test Condition, Idle Mode 
All other pins are disconnected 

Figure 11. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
IcLCH = tCHCL = 5ns 

December 29. 1992 

Vce 

RST 

(NC) XTAL2 

XTALl 

VSS 

VCC 

VCC 

ICC 

Figure 12. Ice Test Condition, Power Down Mode 
All other pins are disconnected. Vcc = 2V to 5.5V 
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EPROM CHARACTERISTICS 
To put the 87C575 in the EPROM 
programming mode, PSEN must be held high 
during power up, then driven low with reset 
active. The 87C575 is programmed by using 
a modified Quick-Pulse ProgrammingT" 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROO pulses. 

The 87C575 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C575 manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program momory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C575 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EP ROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the 'Program 
Code Data' levels indicated in Table 2. The 
ALEIPROO is pulsed low 25 times as shown 
in Figure 14. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the EA/Vpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
'Verify Code Data' levels indicated in Table 2. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 2. EPROM Progamming Modes 

MODE RST PSER ALEIPROO EJVVpp P2.7 

Read signature 0 0 1 1 0 

Program code data 0 0 o· Vpp 1 

Verify code data 0 0 1 1 0 

Pgm encryption table 0 0 O· Vpp 1 

Pgm secu rity bit 1 0 0 o· Vpp 1 

Pgm security bit 2 0 0 o· Vpp 1 

NOTES: 
1. '0' = Valid low for that pin, , l' = valid high for that pin. 
2. Vpp ~ 12. 75V ±O.25V. 
3. Vee ~ 5V±10% during programming and verification. 
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Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, exoeptthat P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) = 15H indicates manufactured by 

Philips 
(SOH) = 97H indicates 87C575 

ProgramlVerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and ftuorescent lighting have 
wavelengths in this range, exposure to these 
light souroes over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque fabel be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000fJ.W/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 

P2.6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

AL~IPROO receives 25 programming pulses while Vpp is held at 12. 75V. Each programming pulse is low for 100fJ.s (±1 OfJ.s) and high for a 
minimum of 10fJ.s. 

T"Trademark phrase of Intel Corporation. 
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Vec 

AJ}...A7 PI PO PGM DATA 

RST E»/pp +12.75V 

Pa .• ALEIPROO 25 '00"" PULSES TO GROUND 

Pa.7 87C575 PSER 

XTAL2 P2.7 

P2.6 

XTALl P2.O-P2.4 A8-A,2 

VSS 

Figure 13. Programming Configuration 

1i"' .. C-------------25 PULSES ---------------I~I 
.-----

AL~ 

10"" MIN -I 1"' .. C------l0!Ul.:l:l0'------.l·1 

ALEJPROG: 0~1 ____________ ~rl~ __________ ~rl~ __ _ 

Figure 14. l'ROG Waveform 

Vee 

AJ}...A7 PI PO PGMDATA 

0 RST E»/pp 

P3.6 AlEIPROG 

P3.7 87C575 PSER 

XTAl2 P2.7 0= 

P2.6 

XTALl P2.1I-P2.4 AB--A12 

vss 

-

Figure 15. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
T rri> - 21"C to +27"C Vee = 5V+l0% vss - OV (See Figure 16) a - - -

SYMBOL 

Vpp 

Ipp 

l/tcLCL 

tAVGL 

IoHAx 

tDVGL 

IoHDx 

IEHSH 

tSHGl 

IoHsL 

IoLGH 

tAVQV 

IElQZ 

tEHQZ 

IoHGL 

P1.O-Pl.7 
P2.O-P2.4 

PORTO 

ALElI'I!OG 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to !'ROO low 

Address hold after !'ROO 

Data setup to !'ROO low 

Data hold after !'ROO 

P2.7 (EIIJABIT) high to Vpp 

Vpp setup to !'ROO low 

Vpp hold after !'ROO 

f'"RlJG width 

Address to data valid 

EIIJABIT low to data valid 

Data float after EIIJABIT 

!'ROO high to l'ROO low 

PROGRAM!IING 

ADDRESS 

DATA IN 

IDVGL --. --- -- --- IGHDX 
IAVGL ---- ---- tGHAX 

~J 1\ 

tGlGH -. I<- ...... ~ tGHGL 

ISHGL ~ IGHSL 

/V ~ 
LOGIC 0 

-

LOGIC, 

------------ -----------------------------

P2.7 
£fIAB[E 

IEHSH 

'FOR PROGRAMMING VERIFICATION SEE FIGURE 13. 
FOR VERIFICATION CONDITIONS SEE FIGURE 15. 

IEL~ 

I 

Product specification 

80C575/83C575/87C575 

MIN MAX UNIT 

12.5 13.0 V 

50 rnA 

4 6 MHz 

48!cLCL 

48tcLCL 

48tcLCL 

48tcLCL 

48tcLCL 

10 fls 

10 fls 

90 110 fls 

48tcLCL 

48tcLCL 

0 48tcLCL 

10 fls 

VERIACATION 

ADDRESS "-
/ 

I-- IAVQV 

DATA OUT 

lOGIC 1 

----------- ------------
tEHOZ 

'1 

Figure 16. EPROM Programming and Verification 
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12C bus addresses 

8XC652/654 OVERVIEW 
The 8XC652, 8XC654, and 8XC654 
(hereafter referred to collectively as 
8XG652/4) are derivatives of the 80C51 8-bit 
CMOS microcontroller. The 8XC652/4 
contains all of the features of the 80C51 (that 
is, the standard counter/timers TO and Tl, the 
standard serial 110 (UART), and four 8-bit I/O 
ports). In addition, the 8XC652/4 has the 
following: 

• 8k bytes of ROM (8XC652) 

• 16k bytes of ROM (8XC654, 8XCE654) 

• 256 bytes of RAM 

• 12C bus serial I/O 

The only difference between the 8XG652 and 
the 8XC654 is that the 8XC654 has 16k bytes 
of program memory while the 8XC652 has 8k 
bytes. The 8XCE654 has the same features 
as the 8XC654 but is improved for 
electromagnetic compatibility. All other 
features of these parts are identical. 

The 8XC65214 is pin-for-pin compatible and 
code compatible with the 80C51 , except of 
additional Vss pins at the QFP package. 
There are some differences in the Pl.6 and 
Pl.7 pin functions that are described in detail 
later in this section and there is the difference 
of latching the logical level at the "EJ\ pin 
during Reset. All of the BOC51 functions are 
present, including the external 64k program 
and data memory expansion, Boolean 
processing, and two reduced power modes. 

Differences from the 80C51 
The data and program memory are organized 
similar to the 80C51. The 8XC652/4 program 
memory differs in that it has 8ki16k bytes of 
on-chip ROM. When "EJ\ has been high 

March 1993 

during RESET the 8XC652/4 fetches 
instructions from the internal ROM unless the 
address exceeds 1 FFFH/3FFFH. locations 
2000H/4000H to FFFFH are fetched from 
external program memory. When "EJ\ has 
been held low during RESET, all instruction 
fetches are from external memory. 

The organization of the data memory is 
similar to the 8OC51 except that the 
8XG652/4 has an additional 128 bytes of 
RAM overlapped with the special function 
register space. This additional RAM is 
addressed using indirect addressing only and 
is available as stack space. (This memory 
addition is the same as in the 80C52 and 
83C552. See Figure 1 for a memory map.) 

Special Function Registers 
The 8XC652/4 special function register space 
is the same as that on the 80G51 except that 
it contains four additional SFRs. The added 
registers are: Sl CON, SISTA, SI DAT .. and 
SIADR. In addition to these, the standard 
UART special function registers SCON and 
SBUF have been renamed SOGON and 
SOBUF for clarity. 

Since the standard 80C51 on-chip functions 
are the same on the 8XC65214, the SFR 
locations, bit locations, and operation are 
unchanged. The only exception is in the 
interrupt enable and interrupt priority SFRs. 
These have been changed to include the 
interrupt from the 12C serial port. Table 1 
shows the special function registers, their 
direct address, the bit addresses, and the 
value in the register after a reset. 

12C Serial Communication-SI01 
The 12C serial port is identical to the 12C serial 
port on the 8XC552. The operation of this 
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subsystom is described in detail in the 
8XC552 section of this manual. 

Note that in both the 8XC65214 and the 
8XC552 the 12C pins are alternate functions 
to port pins Pl.6 and P1. 7. Because of this, 
Pl.6 and Pl.7 on these parts do not have a 
pull-up structure as found on the BOC51. 
Therefore Pl.6 and Pl. 7 have open drain 
outputs on the 8XC652/4. 

Idle and Power-Down Operation 
Idle mode operation permits the interrupt, 
serial ports, and timer blocks to continue to 
function while the CPU is halted. The 
following functions remain active during idle 
mode. These functions may generate an 
interrupt or reset and thus end the idle mode: 

• UART, 12C interface 

• TImer 0, TImer 1 

• External interrupt 

In idle mode, port pins Pl.6 and Pl.7 function 
as SGl and SDA, respectively, if the 12C 
serial port is enabled. The power-down 
operation freezes the oscillator. The 
power-down mode can only be activated by 
setting the PD bit in the PCON register. The 
power-down mode in the 8XC65214 operates 
exactly the same as in the BOG51. 

ROM Code Protection 
(83C652/83C654/83CE654) 
The 83C652183C654/83CE654 has an 
additional security feabJre. ROM code 
protection is mask programmable and 
therefore user dependent. This feature may 
be requested during ROM code submission. 
When enabled, access to the internal ROM is 
only possible when executing from internal 
program memory, not in the EA-mode 
(external access). 
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12C bus addresses 8XC6521654 overview 

64k &4k 

External 

8192116384 
0_-

A 
lapped 
Spoce 

( 8191/16383 \ 
8191/16383 

255 
INDIRECT I Sped" I Internal External ONLY Function 

(Ell=,) (Ell: = 0) 
,27 ------- Rog-

Inlemol 

0 0 0 Do .. RAM 0 

'- / '- / ~ -...r 'V" 

Program Memory 1"""",,1 
_01 

Do .. Memory Do .. Memory 

Figure 1. Memory Map 
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12C bus addresses 8XC6521654 overview 

Table 1, 8XC652/654 Special Function Registers 

SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOl, OR ALTERNATIVE PORT FUNC110N RESET 
ADDRESS USB LSB VALUE 

ACC' Accumulator EOH E7 E6 ES E4 E3 E2 El EO ooH 

B' Bregister FOH F7 F6 FS F4 F3 F2 Fl FO ooH 

DPTR: Data pointer 
(2 bytes) 

DPH Data pointer high 83H ooH 
DPL Data pointer low 82H ooH 

AF AE AD AC AB AA A9 AS 

IE'# Interrupt enable A8H EA I I ESI I ESO I En I EXI I ETO I EXO OxOOooOOB 

BF BE BD BC BB BA B9 B8 

IP'# Interrupt priority 88H - I I PSI I PSO I pn I PXl I PTO I PXO xxOOOooOB 

87 86 8S 84 83 82 81 80 

PO' PortO SOH AD7 I AD6 I ADS I AD4 I AD3 I AD2 I ADI I ADO FFH 

97 96 9S 94 93 92 91 90 

PI'# Port 1 90H SDA I SCl I I I I I I FFH 

A7 A6 AS A4 A3 A2 Al AO 

P2* Port 2 AOH AIS I A14 I A13 I A12 I All I Al0 I A9 I AS FFH 

B7 B6 BS B4 B3 B2 Bl BO 

P3' Port 3 BOH RlJIWRI T1 I TO I INTf I INTO I TXD I RXD FFH 

PCON Power oontrol 87H SMOD I - I - I - I GFI I GFO I PD I IDl OxxxOooOB 

9F 9E 9D 9C 9B 9A 99 98 

SOCON'# Serial 0 port control 98H SMO I SMI I SM2 I REN I T88 I RB8 I n I RI ooH 

SOBUF# Serial 0 data buffer 99H xxxxxxxxB 

D7 OS DS D4 D3 D2 Dl DO 

PSW* Program status word DOH CY I AC I FO I RSI I RSO I OV I Fl I P OOH 

SlOAn Serial 1 data DAH ooH 

SP Stack pointer 81H 07H 

SIADR# Serial 1 address DBH SLAVE ADDRESS I GC ooH 

SISTA# Serial 1 status D9H SC4 I SC3 I SC2 I SCI I SCO I 0 I 0 I 0 F8H 

DF DE DD DC DB DA D9 D8 

SICON'# Serial 1 oontrol D8H CR2 I ENSI I STA I STO I 51 I AA I CRI I CRO ooooooooB 

8F 8E 8D 8C 8B 8A 89 88 

TCON' Timer control 88H TFI I TRI I TFO I TAO I lEI I ITI I lEO I ITO ooH 

THI Timer high 1 8DH ooH 

THO Timer high 0 8CH ooH 

TLI Timer low 1 8BH ooH 

THO Timer low 0 BAH ooH 

TMOD Timer mode 89H GATE I CIT I Ml I MO I GATE I CIT I Ml I MO ooH 
, 

SFRs are bit addressable. 
# SFRs are modified from or added to the SOC51 SFRs. 
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12C bus addresses 

Interrupt System 
The interrupt system is the same as in the 
BOC51 except that the 8XC65214 
acknowledges interrupt requests from six 
sources as follows: 

• TJiIT(j external interrupt a 
• lIITT external interrupt 1 

• Timer a overflow 

• Timer 1 overflow 

• 12C serial 110 interrupt 

• UART serial interrupt 

See Figure 2 for a function diagram of the 
8XC652/4 interrupt structure. Each interrupt 
vectors to a separate location in program 
memory for its service program. Each source 

can be individually enabled or disabled by a 
corresponding bit in the IE register; moreover, 
each interrupt may be programmed to a high 
or low priority level using a corresponding bit 
in the IP register. Also, all enabled sources 
can be globally disabled or enabled. 

Both external interrupts can be programmed 
to be level-activated or transition-activated; 
an active LOW level allows "Wire~Ring" or 
several input sources to the input pin. 

Each interrupt source can be set for either 
high priority or low priority. If two separate 
interrupts are requested simultaneously, the 
processor will branch to the vector associated 
with the interrupt that has the higher priority. 
If there are simultaneous requests from 
sources that have the same priority, then the 

Interrupt 
sources 

Interrupt enable registers 

r~------------~------------" Interrupt priority 
regia1ers Source enable Global eNibie 

lRTO External - Interrupt -... RequeatO 
I 

12C 
I 

Sial I 
lIlT Serial 

~ Port 

I 
I 

Internal 
Timer 0 

I 
-,. .. 

IRTI EX1ernal 
I "" - Interrupt --I ... ... 

Request 1 ~ 

I 
Internal I 
Timer 1 

I 
~ 

, T "-." 
I 

SlOO Internal I lIlT Serial 
, , /' -... Port , R 

Figure 2. Interrupt System 
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interrupts will be serviced in the following 
order: 
1. TJiIT(j external interrupt a 
2. 12C serial 110 interrupt 

3. Timer 0 overflow 

4. lIITT external interrupt 1 

5. Timer 1 overflow 

6. UART serial 110 interrupt 

A low priority interrupt routine can be 
interrupted by an interrupt having a higher 
priority. A high priority interrupt cannot be 
interrupted. All of the features of the 
8XC65214 that have not been discussed in 
this section are the same as those on the 
BOCS!. 

Polling hardware 

., 
bl 

il cl IIgh 
a1 priority 

dl IntenupI 

.2 
request ., 

bl f1 

Vector 
b2 

Source 
Identification ., 

c2 

dl 
.2 

d2 b2 

il ., c2 
low 

.2 
d2 priority 

.2 
Interrupt 

f1 
request 

12 

12 
Vector 

Source 
Identification 
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Interrupt Enable Register 

IE (ASH) lEAl - IE5' I ESOIETlI Ex'lETOIExol 
MSD LSD 

Bit Symbol Function 
IE. 7 EA General enable/disable control 

o ~ No interrupt enabled 
1 ~ Any individually enabled 

interrupt will be accepted 
IE.G Unused 
IE.5 ESl Enable SIOl (12C) interrupt 
IE.4 ESO Enable Sioo (UART) interrupt 
IE.3 ETl Enable timer 1 interrupt 
IE.2 EXl Enable external 1 interrupt 
IE.1 ETO Enable timer 0 interrupt 
IE.O EXO Enable external a interrupt 

o ~ interrupt disabled 
1 ~ interrupt enabled 

March 1993 

Interrupt Priority Register 

IP(BBH) I -I -Ips'l PSOI PT1 I PX,IPTOlpxol 
MSD LSD 

Bit Symbol Function 
IP.7 Unused 
IP.G Unused 
IP.5 PSl SIOl (12C) interrupt priority 

level 
IP.4 PSO Sioo (UART) interrupt priority 

level 
IP.3 PT1 Timer 1 interrupt priority level 
IP.2 PXl Enable interrupt 1 priority level 
IP.l PTO Timer 0 interrupt priority level 
I P.O PXO External interrupt 0 priority 

level 
o ~ Low priority 
1 ~ High priority 
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The following vectors indicate the ROM 
location where the appropriate interrupt 
service routine starts. 

Source 
External 0 (EXO) 
Timer 0 overtlow (TO) 
External 1 (EX1) 
Timer 1 overtlow (Tl) 
Serial I/O 0 (UART) (SO) 
Serial I/O 1 (12C) (Sl) 

Vector 
0OO3H 
OOOBH 
0013H 
00lBH 
0023H 
002BH 
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DESCRIPTION 
The P80C652!83C652 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 8OC51 microcontroller family. The 
80C652183C652 has the same instruction set 
as the 8OC51. Three versions of the 
derivative exist: 

83C652 - 8k bytes mask programmable 
ROM 

80C652 - ROMless version 

8OC652 - EPROM version (described in a 
separate chapter) 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XC652 contains a non-volatile 

8k x 8 read-only program memory, a volatile 

256 x 8 readtwrite data memory, four 8-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 8OC51), a 
multi-source, two-priority-Ievel, nested 
interrupt structure, an 12C interface, UART 
and on-<:hip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC652 can be expanded using standard 
TTL compatible memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 58% of 
the instructions are executed in 0.75(0.5)118 
and 40% in 1.5(1 )118. Multiply and divide 
instructions require 3(2)118. 

LOGIC SYMBOL 

January 7, 1993 

FEATURES 
• 8OC51 central processing unit 

• Bk x B ROM expandable externally to 
64kbytes 

• 256 X 8 RAM, expandable externally to 
64kbytes 

• Two standard 16-bit timer/counters 

• Four 6-bit 110 ports 

• 12C-bus serial 110 port with byte oriented 
master and slave functions 

• Full-<luplex UART facilities 

• Power control modes 

- Idle mode 

- Power-<lown mode 

• ROM code protection 

• Extended frequency range: 1.2 to 24 MHz 

• Three operating ambient temperature 
ranges: 

- Oto +70oC 

- -40 to +B5°C 

- -40 to + 125°C 

924 

Product speclllcatlon 

80C652/83C652 

PIN CONFIGURATIONS 

XTAL1 

I'O.3/AD3 

I'O.41AD4 

I'O.SlADS 

I'O.6/AD& 

1'O.7/AD7 

P2.6/A14 

P2.SlA13 

Vss 'L ___ .I 

P2.1I'u 

P2.0/,u 

17 

18 28 

33 

11 23 

12 22 

853-1464 08656 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

~ h ~ 
7[ 0 pat 

CERAIM: 
AND 

PlASTIC 
LEADED CliP 

17[ 
CARRIER 

Pili 
'Ii U 

28 

PIn F&nCtion PIn -1 NC 23 NC 
2 Pl.0 24 P2.o/AS 
3 Pl.l 25 P2.1/A9 
4 Pl.2 26 P22JA10 
5 P1.3 27 P2.31All 
6 Pl.4 28 P2.41AI2 
7 Pl.5 29 P2.5JAI3 
8 Pl.6ISCL 30 P2.6IAI4 
9 Pl.7ISDA 31 P2.7/AI5 

10 AST 32 1'SE1'I 
11 P3.0/1bD 33 ALE 
12 NC 34 NC 
13 P3.11TxD 35 EX 
14 P3.2III'mI 36 PO.7/AD7 
15 P3.3JIIiITf 37 PO.6IADS 
16 P3.4ITIl 38 PO.5JAOS 
17 P3.Ml 39 PO.4IAD4 
18 P3.6iWR 40 PO.31AD3 
19 P3.7iRD 41 PO.21AD2 
20 XTAL2 42 PO.l/ADl 
21 XTALI 43 PO.O/AOO 
22 VSS 44 VDD 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

33 

11 23 

12 22 

PIn Funclan PIn Fundon 
1 Pl.5 23 P2.5JAI3 
2 Pl.61SCL 24 P2.6IAI4 
3 P1.7JSDA 25 P2.7/AI5 
4 AST 26 PSER 
5 P3.D'RxD Z1 ALE 
6 VSS4 28 VSS2 
7 P3.1ITxD 29 EJWPP 
8 P3.211NTO 30 PO.7/AD7 
9 P3.3IIRTT 31 PO.6IAD6 

10 P3.4IT0 32 PO.5JAD5 
11 P3.5ITI 33 PD.4IAD4 

12 P3.6iWR 34 PO.3IAD3 
13 P3.71Rll 35 P02JAD2 
14 XTA1.2 36 PO.l/ADl 
15 XTALI 37 PO.OIADO 
16 VSSI 38 Voo 
17 NC 39 VSS3 
18 P2.IVAS 40 Pl.0 
19 P2.1/A9 41 P1.1 
20 P2.21Al0 42 Pl.2 
21 P2.31All 43 Pl.3 
22 P2.41A12 44 PIA 

NOTES TO QFP ONLY: 
1. Due to EMC improvements, all Vss pins 

(6, 16, 28, 39) must be connected to Vss 
on the 8OC652183C652. 

925 

Product specification 

80C652183C652 



Phi ips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C652183C652 

ORDER INFORMATION 

PHILIPS PHILIPS NORTH AMERICA 
PART ORDER NUMBER PART ORDER NUMBER TEMPERATURE 

PART MARKING RANGE (OC) FREQ 

ROMless ROM3 Drawing 
ROMless ROM AND PACKAGE MHz',2 

Number 

P80C652FBP P83C652FBP Ixxx SOT129 SSOC652-4N40 883C652-4N40 o to +70, Plastic Dual In-line Package 16 

P80C652FBA P83C652FBAlxxx SOT187 SSOC652-4A44 883C652-4A44 o to +70, Plastic Leaded Chip Carrier 16 

P80C652FBB P83C652FBB/xxx SOT311 880C652-4B44 883C652-4B44 o to +70, Plastic Quad Flat Pack 16 

PSOC652FFP P83C652FFP/xxx SOT129 880C652-5N40 883C652-5N40 -40 to +S5, Plastic Dual In-line Package 16 

P80C652FFA PS3C652FFAlxxx SOT1S7 SSOC652-5A44 S83C652-5A44 -40 to +85, Plastic Leaded Chip Carrier 16 

PSOC652FFB P83C652FFB/xxx SOT311 S80C652-5B44 883C652-5B44 -40 to +S5, Plastic Quad Flat Pack 16 

P80C652FHP P83C652FHP/xxx SOT129 S80C652-6N40 883C652-6N40 -40 to + 125, Plastic Dual In-line Package 16 

PSOC652FHA P83C652FHAlxxx SOT1S7 SSOC652-6A44 883C652-6A44 -40 to + 125, Plastic Leaded Chip Carrier 16 

PSOC652FHB PS3C652FHB/xxx SOT311 SSOC652-6B44 SS3C652-6B44 -40 to + 125, Plastic Quad Flat Pack 16 

PSOC6521BP P83C6521BP/xxx SOT129 SSOC652-AN40 883C652-AN40 o to +70, Plastic Dual In-line Package 24 

PSOC6521BA P83C652I BAlxxx SOT187 S80C652-AA44 883C652-AA44 o to +70, Plastic Leaded Chip Carrier 24 

P80C6521BB P83C6521BB/xxx SOT311 880C652-AB44 883C652-AB44 o to +70, Plastic Quad Flat Pack 24 

PSOC6521FP P83C6521FP/xxx SOT129 880C652-BN40 883C652-BN40 -40 to +85, Plastic Dual In-line Package 24 

P80C6521FA P83C6521FAlxxx SOT1S7 SSOC652-BA44 883C652-BA44 -40 to +S5, Plastic Leaded Chip Carrier 24 

PSOC6521FB P83C6521FB/xxx SOT311 SSOC652-BB44 883C652-BB44 -40 to +85, Plastic Quad Flat Pack 24 

NOTES: 
1. 80C652 and 83C652 frequency range is 1.2MHz-16MHz or 1.2 to 24MHz. 
2. For specification of the EPROM version, see the 87C652 data sheet 
3. xxx denotes the ROM code number. 
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CMOS single-chip 8-bit microcontroller 80C652183C652 

TEMPERATURE 
RANGE ("C) FREQ 

EPROM2 Drawing AND PACKAGE MHz',2 
Number 

587C652-4N40 0415C o to +70, Plastic Dual In-line Package 16 

587C652-4F40 05908 
o to +70, Ceramic Dual In-line 

16 PackagewlWindow 

587C652-4A44 0403G o to +70, Plastic leaded Chip Carrier 16 

587C652-4K44 1472A 
o to +70, Ceramic leaded Chip Carrier 

16 wlWindow 

587C652-4844 1118D o to +70, Plastic Quad Flat Pack 16 

587C652-5N40 0415C -40 to +85, Plastic Dual In-line Package 16 

587C652-5F40 05908 
-40 to +85, Ceramic Dual In-line Package 

16 wlWindow 

587C652-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 16 

587C652-5K44 1472A 
-40 to +85, Ceramic leaded Chip Carrier 

16 wlWindow 

587C652-5B44 1118D -40 to +85, Plastic Quad Flat Pack 16 

587C652-7N40 0415C o to +70, Plastic Dual In-line Package 20 

587C652-7F40 05908 
o to +70, Ceramic Dual In-line Package 20 wlWindow 

S87C652-7A44 0403G o to +70, Plastic Leaded Chip Carrier 20 

S87C652-7K44 1472A 
o to +70, Ceramic Leaded Chip Carrier 20 wlWindow 

S87C652-8N40 0415C -40 to +85, Plastic Dual In-line Package 20 

S87C652-8F40 05908 
-40 to +85, Ceramic Dual In-line Package 

20 wlWindow 

587C652-8A44 0403G -40 to +85, Plastic Leaded Chip Carrier 20 

S87C652-8K44 1472A 
-40 to +85, Ceramic Leaded Chip Carrier 

20 wlWindow 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

~ n ~ 
7[ 

0 :J3I 
CERAMIC 

AND 
PLASTIC 

LEADED CliP 

17[ 
CARRIER 

P29 
~ ii 

Pin Function Pin Function 
1 NC 23 NC 
2 P1.0 2A P2.OIAB 
3 P1.1 25 P2.1/A9 
4 P12 26 P2.21Al0 
5 Pl.3 27 P2.31A11 
6 Pl.4 28 P2.41A12 
7 Pl.5 29 P2.51A13 
8 Pl.6ISCL 30 P2.6IA14 
9 Pl.7/SDA 31 P2.7/A15 

10 RST 32 !'SEN 
11 P3.OIRxD 33 AlE 
12 NC 34 NC 
13 P3.11TxD 35 Ell 
14 P3.2III'rn! 36 PO.7/AD7 
15 P3.3IIJI1TT 37 PO.6IAOO 
16 P3.4iTO 3D PO.51AD5 
17 P3.5IT1 39 PO.4/AD4 
18 P3.6/WR 40 PO.31AD3 
19 P3.7/RO 41 PO.21AD2 
20 XTAL2 42 PO.l/ADl 
21 XTALl 43 PO.OIAOO 
22 VSS 44 VDD 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

ii i 
1= a =33 

PLASllC 
QUAD 
RAT 
PACK 

11= =23 

~ ~ 
12 22 

Pin Funcllon Pin Function 
1 Pl.5 23 P2.51A13 
2 Pl.&'SCL 24 P2.61A14 

3 Pl.7ISDA 25 P2.7/A15 
4 RST 26 !'SEN 
5 P3.OIRxD 27 ALE 
6 VSS4 28 VSS2 
7 P3.1/TxD 29 ElWpp 
B P3.2III'rn! 30 PO.7/A07 
9 P3.3IIJI1TT 31 PO.6IAOO 

10 P3.4ITO 32 PO.51A05 
11 P3.5iTl 33 PO.4IAD4 
12 P3.6/WR 34 PO.31AD3 
13 P3.7/RO 35 PO.21AD2 
14 XTAL2 36 PO.lIAOl 
15 XTAll 37 PO.OIAOO 
16 VSSl 3D Voo 
17 NC 39 VSS3 
lB P2.OIAS 40 Pl.0 
19 P2.1/A9 41 Pl.l 
20 P2.21Al0 42 Pl.2 
21 P2.31A11 43 P1.3 
22 P2.41A12 44 P1.4 

NOTES TO QFP ONLY: 
1. Due to EMC improvements, all Vss pins 

(6, 16, 28, 39) must be connected to Vss 
on the 8OC6521830652. 
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PIN DESCRIPTIONS 

PIN NUMBER 

MNEMONIC DIP PlCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 6,16, I Ground: OV reference. With the QFP package all Vss pins (VSSl to VSS4) must be 
28,39 connected. 

Voo 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.O--O.7 39-32 43-36 37-30 liD Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. 

Pl.O-Pl.7 HI 2-9 40-44, flO Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups, except Pl.6 and Pt.7 
1-3 which are open drain. Port 1 pins that have 1 s written to Ihem are pulled high by the internal 

pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IILl. 
Alternate functions include: 

Pl.6 7 8 2 flO SCl: 12C-bus serial port clock line. 
Pl.7 8 9 3 flO SDA: 12C-bus serial port data line. 

P2.O-P2.7 21-28 24-31 18-25 flO Port 2: Port 2 is an 8-bit bidirectional flO port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting Is. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 11, 5, flO Port 3: Port 3 is an a-bit bidirectional flO port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IlL). Port 3 also serves the special features of the BOC51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.1): Serial output port 
12 14 8 I JI\ITI! (P3.2): External interrupt 
13 15 9 I lJiITf (P3.3): External interrupt 
14 16 10 I TO (P3.4): limer 0 external input 
15 17 11 I T1 (P3.S): limer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 RO (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to VOD. 

ALE 30 33 27 I/O Address latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency. Note that one ALE pulse is skipped during each access to external data 
memory. 

PSEN 29 32 26 0 Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It is 
activated twice each machine cycle during fetches from the external program memory. When 
executing out of external program memory two activations of PSEN are skipped during each 
access to external data memory. PSEliI is not activated (remains HIGH) during no fetches 
from external program memory. PSEI'f can sink/source 8 LSTTL inputs and can drive CMOS 
inputs without external pull-ups. 

EA 31 35 29 I External Access: II during a RESET, EA is held at TTL, level HIGH, the CPU executes out 
of the internal program memory ROM provided the Program Counter is less than 8192. If 
during a RESET, E7\ is held a TTL LOW level, the CPU executes out of external program 
memory. E7\ is not allowed to float. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 

NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than VDO + O.SV or Vss - O.SV, respectively. 
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ROM CODE PROTECTION 
(83C6S2) 
The 8XC652 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (Le., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The MOVC instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The 'EJI: input is latched during 
RESET and is "don't care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an external clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However. minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 

Table 1. External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE 

Idle Internal 1 

Idle External 1 

Power-down Internal 0 

Power-down External 0 

Serial Control Register (51 CON) - See Table 2 

S1CON (D8HI I CR21 ENS11 STA I STO I 51 I AA I CR1 I CRO I 

PS"ER PORTO 

1 Data 

1 Float 

0 Data 

0 Float 

Product specification 
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Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-<>hip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke power
down is the last instruction executed. Only 
the contents of the on-chip RAM are pre
served. A hardware reset is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register PCON. Table 1 
shows the state of the 110 ports during low 
current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 

Table 2. Serial Clock Rates 
BIT FREQUENCY (kHz) AT fosc 

CR2 CR1 CRO 6MHz 12MHz 16MHz 24MHz fosc DIVIDED BY 

0 0 0 23 47 62.5 94 256 
0 0 1 27 54 71 107' 224 
0 1 0 31.25 62.5 83.3 125' 192 
0 1 1 37 75 100 150' 160 
1 0 0 6.25 12.5 17 25 960 
1 0 1 50 100 133' 200' 120 
1 1 0 100 200' 267' 400' 60 
1 1 1 0.24 < 62.5 0.49 < 62.5 0.65 < 55.6 0.98 < SO.O 96 X (256 - (reload value Timer 1)) 

Oto 255 o to 254 o to 253 Oto 251 reload value range Timer 1 (in mode 2) 

NOTES. 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 

January 7, 1993 931 



Phlips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range --65 to +150 °c 
Voltage on any other pin to Vss --<l.5to + 6.5 V 

Input, output current on any single pin ±5 rnA 

Power dissipation (based on package heat transfer 1 W 
limitations, not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause pennanent 

damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to V ss unless otherwise noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE FREQUENCY TEMPERATURE 
(V) (MHz) RANGE 

TYPE MIN. MAX. MIN. MAX. (oC) 

P8XC652FBx 4.0 6.0 1.2 16 o to +70 

paXC652FFx 4.0 6.0 1.2 16 -40 to +85 

paXC652FHx 4.5 5.5 1.2 16 -40 to +125 

P8XC6521Bx 4.5 5.5 1.2 24 o to +70 

pa3X652lFx 4.5 5.5 1.2 24 -4010+a5 
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DC ELECTRICAL CHARACTERISTICS 
Vss=ov 

SYMBOL PARAMETER 

V,l Input low voltage, 
except8\:, Pl.6/SCL, Pl.7/SDA 

V'L1 Input low voltage to 8\: 

V,l2 Inpullow voltage 10 Pl.6/SeL, Pl.7/SDA6 

V,H Input high voltage, except XTAL I, RST, 
P1.6/SCL, Pl.7/SDA 

V,H1 Input high voltage, XTAL I, RST 

V,H2 Input high voltage, PI.6/SCL, Pl.7/sDA6 

VOL Outpullow voltage, ports I, 2, 3, 
except Pl.6/SCL, P 1.7/SDA 

VOL1 Oulpullow voltage, port 0, ALE, P'SEN 

VOl2 Output!ow voltage, P 1.6/SCL, PI. 7/SDA 

VOH Oulput high voltage, ports I, 2, 3, ALE, PSEN10 

VOH1 Output high voltage; port 0 in external bus mode 

I,l Logical 0 input current, ports I, 2, 3, 
exceptPl.61SCL, Pl.7/SDA 

ITl Logical l-to-O transilion current, ports I, 2, 3, 
exceptPl.6/SCL, Pl.7/SDA 

1L1 Input leakage current, port 0, 8\: 

Il2 Input leakage current, Pl.6/SeL, PI. 7/SDA 
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PART TYPE 

Oto +70oe 

-40 to +ssoe 

-40 to + 125°e 

Oto+70oe 

-40 to +8Soe 

-40 to + 125°e 

o to +70°C 

-40 to +85Oe 

-40 to + 125°C 

o to +70°C 

-40 to +85°C 

-40 to + 125°C 

o to +70oC 

-40 to +85°e 

-40 to + 125°C 

010 +70oC 

-40 to +SSoC 

-40 to + 125°C 
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TEST LIMITS 

CONDITIONS MIN. MAX. UNIT 

--<>.5 0.2Voo-O·l V 

--<>.5 0.2Voo-O·15 V 

--<>.5 0.2Voo-O·25 V 

--<>.5 0.2Voo--<>·3 V 

--<>.5 0.2Voo-O·35 V 

--<>.5 0.2Voo--<>A5 V 

--<>.5 0.3Voo V 

0.2Voo+0.9 Voo+D.5 V 

0.2Voo+1.0 Voo+D·5 V 

0.2Voo+l.0 Voo+0.5 V 

0.7Voo Voo+0.5 V 

O· 7Voo+O.l Voo+D·5 V 

O· 7VOD+O.l Voo+0.5 V 

0.7Voo 6.0 V 

IOL = 1.6mA8.9 0.45 V 

10l = 32mA8, 9 045 V 

10l =3.0mA 0.4 V 

10H = --SOflA 2.4 V 
10H = -25flA 0.75VOD V 
10H = -10flA 0.9Voo V 

10H = --800flA 2.4 V 
10H = -300flA 0.75Voo V 

1011 =-80flA 0.9Voo V 

Y,N = 0.45V -50 flA 
-75 flA 
-75 flA 

See nole 7 -850 flA 
-750 flA 
-750 flA 

OA5V < V, < Voo ±10 flA 
OV < V,<6.0V ±10 flA 

DV < Voo < 6.DV flA 
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DC ELECTRICAL CHARACTERISTICS (CONTINUED) 

TEST LIMITS 

SYMBOL PARAMETER PART TYPE CONDITIONS MIN. MAX. 

100 Power supply current: See note 1 

Active mode@ 16MHz2. 11 Voo=6.0V 26.S 
Active mode @ 24MHz2. 11 Voo=S.SV 33.8 
Idle mode@ 16MHz3. 11 6 
Idle mode @ 24MHz3. 11 7 
Power down mode4. 5 SO 
Power down mode4. 5 -40 to + 125°C 100 

RRST Internal reset pull-down resistor 50 150 

Cia Pin capacitance Freq.=lMHz 10 

NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 9 through 11 for 100 test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t f = ~ = Sn5; 

Vil = Vss + 0.5V; VIH = Voo -O.5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = Pl.7 = Voo. See Figure 9. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tf = ~ = Sns; Vil = Vss + 0.5V; 

VIH = Voo-O.SV; XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Voo; EA = RST = Vss. See Figure 10. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Voo; 

EA = RST = Vss. See Figure 11. 
5. 2V S; Vpo S; Voomax. 

UNIT 

mA 
mA 
mA 
mA 

!IA 
!IA 
ill 

pF 

6. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12C specification. so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above 0.7Voo will be recognized as a logic 1. 

7. Pins of ports 1 • 2, and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V. 

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0 transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

9. Under steady state (non-transient) conditions, IOl must be externally limited as follows: Maximum IOl = 10mA per port pin; Maximum 
IOl = 26mA total for Port 0; Maximum IOl = 15mA total for Ports 1, 2, and 3; Maximum IOL = 71 rnA total for all output pins. If IOl exceeds the 
test conditions, Val may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Voo specification when the 
address bits are stabilizing. 

11. looMAx for other frequencies can be derived from Figure 1 , where FREQ is the external oscillator frequency in MHz. IOOMAX is given in mA. 
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AC ELECTRICAL CHARACTERISTICS1, 2 (16 MHz type) 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

ll1cLCL 2 Oscillator lrequency 1.2 16 MHz 

ILHLL 2 ALE pulse width 85 2IcLCL-40 ns 

!AVLL 2 Address valid to ALE low 8 IcLCL--55 ns 

ILLAX 2 Address hold after ALE low 28 IcLCL-35 ns 

ILLiv 2 ALE low to valid instruction in 150 41cLcL-l00 ns 

IuPL 2 ALE low to PSEN low 23 IcLCL-40 ns 

IpLPH 2 PSEN pulse width 143 3IcLCL-45 ns 

IpLiv 2 PSEN low to valid instruction in 83 31cLCL-l05 ns 

IpXIX 2 Input instruction hold after PSEN 0 0 ns 

IpxlZ 2 Input instruction float after PSEN 38 IcLCL-25 ns 

!AVIV 2 Address to valid instruction in 208 5IcLCL-l05 ns 

IpLAZ 2 PSEN low to address float 10 10 ns 

Data Memory 

tRLRH 3,4 1m pulse width 275 61cLCL-l00 ns 

tWLWH 3,4 WR pulse width 275 6lcLCL -100 ns 

tRLOV 3,4 1m low to valid data in 148 51cLCL-165 ns 

tRHOX 3,4 Data hold after RO" 0 0 ns 

tRHOZ 3,4 Data float after RO" 55 21cLcL-70 ns 

hov 3,4 ALE low to valid data in 350 81cLCL-150 ns 

!Avov 3,4 Address to valid data in 398 91cLCL-165 ns 

ILLWL 3,4 ALE low to RO" or WR low 138 238 3IcLcL-50 3IcLCL-t50 ns 

tAVWL 3,4 Address valid to WR low or RO" low 120 41cLCL-130 ns 

tavwx 3,4 Data valid to WR transition 3 IcLCL~O ns 

tow 3,4 Data setup time before WR 288 71cLCL-150 ns 

tWHQX 3,4 Data hold after WR 13 IcLCL--50 ns 

IRLAZ 3,4 RO low to address float 0 0 ns 

IwHLH 3,4 RO or WR high to ALE high 23 103 IcLCL-40 IcLCL+40 ns 

Shift Register 

IXLXL 5 Serial pori clock cycle lime3 0.75 12tcLCL ItS 
taVXH 5 Output data setup 10 clock rising edge3 492 IOIcLCL -133 ns 

'XHOX 5 Output data hold after clock rising edge3 80 21cLcL-117 ns 

tXHOX 5 Input data hold after clock rising edge3 0 0 ns 

tXHOV 5 Clock rising edge to input data valid3 492 I01cLCL-133 ns 

External Clock 

IcHCX 6 Hightime3 20 20 IcLCL -IcLCX ns 

IcLCX 6 Lowtime3 20 20 IcLCL -IcHCX ns 

IcLCH 6 Risetime3 20 20 ns 

IcHCL 6 Falltime3 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for pori 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS1, 2 (24 MHz type) 

24MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

1/lcLCL 2 Oscillator frequency 1.2 24 MHz 

"-HLL 2 ALE pulse width 43 2teLCL-40 ns 

IAvLL 2 Address valid to ALE low 17 teLCL-25 ns 

"-LAX 2 Address hold after ALE low 17 teLCL-25 ns 

"-.LIV 2 ALE low to valid instruction in 102 41cLcL~ ns 

"-LPL 2 ALE low to PSER low 17 teLCL-25 ns 

IpLPH 2 PSER pulse width 80 31cLcL-45 ns 

IpLiV 2 PSER low to valid instruction in 65 31cLcL~ ns 

IpXIX 2 Input instruction hold after PSER 0 0 ns 

tPXIZ 2 Input instruction float after PSER 17 teLCL-25 ns 

tAVIV 2 Address to valid instruction in 128 5teLCL-aD ns 

IpLAZ 2 PSER low to address float 10 10 ns 

Data Memory 

tRLRH 3,4 RIJ pulse width 150 6teLCL-100 ns 

tWLWH 3,4 WR pulse width 150 61cLcL-100 ns 

tRLDV 3,4 RIJ low to valid data in 118 5teLCL-90 ns 

tRHDX 3,4 Data hold after RIJ 0 0 ns 

tRHDZ 3,4 Data float after RIJ 55 2teLCL-28 ns 

"-LOV 3,4 ALE low to valid data in lBO BlcLcL-150 ns 

tAVDV 3,4 Address to valid data in 210 9teLCL-165 ns 

"-LWI.. 3,4 ALE low to RIJ or WR low 75 175 3teLCL-50 3teLCL+50 ns 

tAvWL 3,4 Address valid to WR low or RIJ low 92 41cLcL-75 ns 

tavwx 3,4 Data valid to WR transition 12 IcLCL...,'30 ns 

taw 3,4 Data setup time before WR 162 7teLCL-130 ns 

tWHOX 3,4 Data hold after WR 17 teLCL-25 ns 

tRLAZ 3,4 RIJ low to address float 0 0 ns 

tWHLH 3,4 RIJ or WR high to ALE high 17 67 teLCL-25 teLCL+25 ns 

Shift Register 

tXLXL 5 Serial port clock cycle time3 0.5 12teLCL f!s 

taVXH 5 Output data setup to clock rising edge3 283 1 OtcLcL-133 ns 

tXHQX 5 Output data hold after clock rising edge3 23 2IcLCL~ ns 

txHDX 5 Input data hold after clock rising edge3 0 0 ns 

tXHDV 5 Clock rising edge to input data valid3 283 1 OtcLCL-133 ns 

External Clock 

IcHCX 6 Hightime3 17 17 IcLCL -IcLex ns 

teLCX 6 Lowtime3 17 17 IcLCL -IcHCX ns 

IcLCH 6 Risetime3 5 5 ns 

IcHCL 6 Falltime3 5 5 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSER = 100pF, load capacitance for all other outputs = BOpF. 
3. These values are characterized but not 100% production tested. 

January 7, 1993 937 



Phi ips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C652183C652 

AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT 

SCL TIMING CHARACTERISTICS 

lHo;STA START condition hold time ;::: 14lcLCl > 4.0p.s' 

lLow SCllOWtime ;::: 16lclCl >4.7I's' 

IHIGH SCl HIGH time ;::: 14 lclCl >4.0I's' 

tRC SClrisetime :5 11'S 
_2 

!Fc SCl fall time :5 0.3p.s < 0.3p.s3 

SOA TIMING CHARACTERISTICS 

tsu; DAT1 Data set-up time 2: 250ns ,. 20 IclCl -lRo 

tsu; DAT2 SDA set-up time (before rep. START cond.) 2: 250ns > 1p.s' 

tsu; DAT3 SDA set-up time (before STOP cond.) ;::: 250ns > 8lcLcl 

lHo; DAT Data hold time ;:::Ons > 8 IclCl -lFc 

tsu;STA Repeated START set-up time ;::: 14lclCl > 4.7p.s' 

tsu; STO STOP condition set-up time ;::: 14 lcLcl > 4.0p.s' 

IBUF Bus free time ;::: 14lclCl > 4.7p.s' 

tAD SDA rise time :5 1p.s - 2 

tFO SDA fall time :5 0.3p.s < 0.3p.s3 

NOTES: 
1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
2. Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor, this must be < 11's. 
3. Spikes on the SDA and SCl lines with a duration of less than 3 IclCl will be filtered out. Maximum capacitance on bus-lines SDA and 

SCl= 400pF. 
4. IclCl = 1lfosc = one oscillator clock period at pin XTAl1. For 63ns (42ns) < IclCl < 285ns (16MHz (24MHz) > fosc > 3.5MHz) the SIOl 

interface meets the 12C-bus specification for bit-rates up to 100 kbitls. 

TIMING 5101 (12C) INTERFACE 

tHDjSTA 'LOw IiIGH 'SU;DAT1 'HD;DAT tSU;DAT2 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 

Q - Output data 
R - "AU signal 
t - Time 
V - Valid 
W- WR"signai 
X - No longer a valid logic level 
Z - Float 

o - Input data 
H - Logic level high 

Examples: IAVLL = Time for address valid 
to ALE low. 

I - Instruction (program memo/)' contents) 
L - Logic level low, or ALE 
P -!'SEN 

ALE 

PORTo 

PORT' 

1LLPL = Time for ALE low 
to !'SEN low. 

Figure 2. External Program Memory Read Cycle 

ALE 

tWHLH 

i4-----1LLDV -----< ... 1 

lLLWL - ..... !----IRLRH ----+I 

~------------~r---------~ 

PORTO DATA IN 

PORT. P2.1I-P2.7 OR A8-A15 FROM DPH 

Figure 3. External Data Memory Read Cycle 
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ALE 

" V 

i--lwHUI ---

!---lllWl IWLWH 

WR 

1llAJ( 
4--00 ... I+- IWIIQX tAVll Iovwx 

low 

PORTO =>---< AG-A7 

>< FROM RI OR OPt DATA OUT K 1UJ-A7 FROM PCL INSTRIN 

--tAVWL --------

PORT. )< P2.G-P2.7 OR A8-A15 FROM DPH All-A15 FROM PCH 

Figure 4. External Data Memory Write Cycle 

INSTRUCTION 8 

ALE 

r- tXlXl -1 
----~ 

CLOCK 

IovXH I~ r- tXHOX I 
\ X X~ __ ~X~ __ ~X~~X~ __ ~X~ __ ~X~ __ ~7 

t 

OUTPUT DATA , 

t 
WRITE TO SBUF 

SETTI 
INPUT DATA 

'-----t' 
CLEARRI t 

SETm 

Figure 5. Shift Register Mode Timing 
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Figure 6. External Clock Drive at XTAL 1 

VD~5=X >C o.2VOO<O·9 

O.45V ._O'::.;2:.:.V"'Oo-Oe...:;;·:.:.' ____ _ 

NOTE: 
AC INPUTS DURING TESTING ARE DRIVEN AT VD~.5 FOR A LOGIC T AND 
O.45V FOR A LOGIC '0'. TIMING MEASUREMENTS ARE MADE AT VIH MIN FOR A 
LOGIC .,' AND VIL MAX FOR A LOGIC '0', 

Figure 7. AC Testing Input/Output 
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VLOAO----~ 

NOTE: 

liMING 
REFERENCE 

POINTS 

VQH-O.1V 

VOL<O,tV 

FOR liMING PURPOSES, APORT IS NO LONGER FLOATING WHEN A 'OOMV 
CHANGE FROM LOAD VOLTAGE OOCURS. AND BEGINS TO FLOAT WHEN A 
'OOmV CHANGE FROM THE LOADED VOHiVOL LEVEL OCCURS. loHioL" ± 
2OmA. 

Figure 8. Float Waveform 



Phi ips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 80C652183C652 

¥oo 

RST 

(NC) XTAl2 

¥oo 

PO 

Ell" 

P1.6 

Pl.7 

Yoo 

Pl.6 

Pl.7 
CLOCK SIGNAL XTAl1 

NOTE: 

Yss 

Figure 9. 100 Test Condition, Active Mode 
All other pins are disconnected 

(NC) 

RST 

Ell" 

XTAl2 

XTALt 

Vss 

Yoo 

Pl.6 

Pl.7 

Vss 

Figure 10. 100 Test Condition,ldle Mode 
All other pins are disconnected 

¥oo 

Figure 11. 100 Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to S.SV 

Yoo 

• Ports 1.6 and 1.7 should be connected to Vce through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lOLl specification. 

January 7. 1993 
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Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The 87C652 Single-Chip a-Bit Microcontroller 
is manulactured in an advanced CMOS 
process and is a derivative of the BOC51 
microcontroller family. The 87C652 has the 
same instruction set as the 80C51. 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C652 contains a non-volatile 
8k x 8 EPROM, a volatile 256 x 8 reacllwrite 
data memory, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12C interface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C652 can be expanded 
using standard TTL compatible memories 
and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75f.Ls and 40% 
in 1.5f.Ls. Multiply and divide instructions 
require 3f.Ls. 

LOGIC SYMBOL 

FEATURES 
• aOC51 central processing unit 

• 8k x 8 EPROM expandable externally to 
64k bytes (EPROM is not expandable) 

• 256 x a RAM, expandable externally to 
64kbytes 

• Two standard 16-bit timer/counters 

• Four B-bit I/O ports 

• 12C-bus serial 110 port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 
- Idle mode 

- Power-down mode 

• Five package styles 

• Extended temperature range 

• OTP package available 

• Three speed ranges 
- 16MHz 

- 20MHz 

VCCVss 
I 

l~O :=: :=: ~~ -. ~ m: :=: ~!-!. 8~ 
-. -. c -. -. 

f!!f LIP t SCL 
SDA 

{~ ~. (11--. ii: 
~-+ :I 
~-+ II! 

T1 -+ 0 

WR- -+~ 
00- -+ 
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PIN CONFIGURATION 

XTALI 

Vss 

17 

18 

44 

PlASTIC 
QUAD 
FLAT 
PACK 

11 

12 

28 

34 

22 

Vee 
PO.oJAIlO 

PO.2IAD2 

PO.31AD3 

PO.61ADi 

PO.7/AD7 

P2.5/AI3 

P2.4/A12 

P2.3/All 

P2.21Al0 

39 

29 

33 

23 
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ORDER INFORMATION 

PHILIPS PHILIPS NORTH AMERICA 
PART ORDER NUMBER PART ORDER NUMBER TEMPERATURE 

PART MARKING RANGE (OC) FREQ 

ROMless ROM 
Drawing ROMless ROM AND PACKAGE MHz Number 

PBOC652FBP PS3C652FBP/xxx SOT129 SSOC652-4N40 SS3C652-4N40 o to +70, Plastic Dual In-line Package 16 

PSOC652FBA PS3C652FBAlxxx SOT1S7 SSOC652-4A44 SS3C652-4A44 o to +70, Plastic Leaded Chip Carrier 16 

PBOC652FBB PS3C652FBB/xxx SOT311 SSOC652-4B44 SS3C652-4B44 o to +70, Plastic Quad Flat Pack 16 

PBOC652FFP PB3C652FFP/xxx SOT129 SSOC652-5N40 SS3C652-5N40 -40 to +85, Plastic Dual In-line Package 16 

P80CS52FFA PS3C652FFAlxxx SOT1S7 S80C652-5A44 SS3C652-5A44 -40 10 +S5, Plastic Leaded Chip Carrier 16 

PBOC652FFB PS3C652FFB/xxx SOT311 SSOC652-5B44 SS3C652-5B44 -40 to +85, Plastic Quad Flat Pack 16 

P80C652FHP PS3C652FHP/xxx SOT129 SSOC652-SN40 SS3C652-6N40 -40 to + 125, Plastic Dual In-line Package 16 

P80C652FHA PS3C652FHAlxxx SOT1S7 S80C652-6A44 SS3C652-6A44 -40 to + 125, Plastic Leaded Chip Carrier 16 

P80C652FHB PS3C652FHB/xxx SOT311 SSOC652-6B44 SS3C652-6B44 -40 to +125, Plastic Quad Flat Pack 16 

PSOC6521BP PS3C6521BP/xxx SOT129 SSOC652-AN40 SS3C652-AN40 o to +70, Plastic Dual In-line Package 24 

PSOC6521BA PS3C6521BAlxxx SOT1S7 SSOC652-AA44 SS3C652-AA44 o to +70, Plastic Leaded Chip Carrier 24 

P80C6521BB PS3C6521BB/xxx SOT311 SSOC652-AB44 SS3C652-AB44 o to +70, Plastic Quad Flat Pack 24 

PSOC6521FP PS3C652IFP/xx> SOT129 SSOC652-BN40 SS3C652-BN40 -40 to +85, Plastic Dual In-line Package 24 

P80C6521FA P83C6521FAlxxx SOT187 S80C652-BA44 SS3C652-BA44 -40 to +85, Plastic Leaded Chip Carrier 24 

P80C6521FB PS3C6521FB/xxx SOT311 SSOC652-BB44 SS3C652-BB44 -40 to +S5, Plastic Quad Flat Pack 24 

NOTES: 
1. 8OC652 and 83C652 frequency range is 1.2MHz-16MHz or 1.2 to 24M Hz. 
2. S7C652 frequency range is 3.5MHz-16MHz or 3.5MHz-20MHz. 
3. The 87C652 EPROM is not expandable. 
4. xxx denotes the ROM code number. 
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TEMPERATURE 
RANGE ("C) FREQ 

EPROM Drawing 
AND PACKAGE MHz Number 

S87C652-4N40 0415C o to +70, Plastic Dual In-line Package 16 

S87C652-4F40 0590B 
o to +70, Ceramic Dual In-line 

16 Package wlWindow 

S87C652-4A44 0403G o to +70, Plastic Leaded Chip Carrier 16 

S87C652-4K44 1472A 
o to +70, Ceramic Leaded Chip Carrier 

16 wlWindow 

S87C652-4B44 1118D o to +70, Plastic Quad Flat Pack 16 

S87C652-5N40 0415C -40 to +85, Plastic Dual In-line Package 16 

S87C652-5F40 0590B -40 to +85, Ceramic Dual In-line Package 
16 wlWindow 

S87C652-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 16 

S87C652-5K44 1472A 
-40 to +85, Ceramic Leaded Chip Carrier 

16 wlWindow 

S87C652-5B44 11180 -40 to +85, Plastic Quad Flat Pack 16 

S87C652-7N40 0415C o to +70, Plastic Dual In-line Package 20 

S87C652-7F40 0590B o to +70, Ceramic Dual In-line Package 20 wlWindow 

S87C652-7A44 0403G o to +70, Plastic Leaded Chip Carrier 20 

S87C652-7K44 1472A o to +70, Ceramic Leaded Chip Carrier 20 wlWindow 

S87C652-8N40 0415C -40 to +85, Plastic Dual In-line Package 20 

S87C652-8F40 0590B -40 to +85, Ceramic Dual In-line Package 20 wlWindow 

S87C652-8A44 0403G -40 to +85, Plastic Leaded Chip Carrier 20 

S87C652-8K44 1472A 
-40 to +85, Ceramic Leaded Chip Carrier 

20 wlWindow 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 

~ n ~ 
7[ 0 p39 

lCC 

17[ P2t 
'; ;; 

Pin Function Pin FlalCtion 

1 NC 23 NC 

2 PLO 24 P2.o/AS 

3 Pl.l 25 P2.1/A9 

4 Pl.2 26 P2.21Al0 

5 Pl.3 27 P2.3/All 

6 Pl.4 28 P2.41A12 

7 Pl.5 29 P2.51A13 

8 Pl.6ISCl 30 P2.6IA14 

9 P1.7/SDA 31 P2.7/A15 

10 RST 32 P!!m 
11 P3.OJRxD 33 AlEll'llOG 

12 NC 34 NC 

13 P3.11TxD 35 EJWPP 
14 P3.2IINTO 36 PO.7/Am 

15 P3.3IINTT 37 PO.6IAD6 
16 P3.4ITO 36 PO.51AD5 
17 P3.5IT1 39 PO.4/AD4 

18 P3.6/WR 40 PO.3/AD3 

19 P3.71RD 41 PO.21A02 

20 XTAl2 42 PO.l/ADl 

21 XTAll 43 PO.o/ADO 

22 VSS 44 VCC 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

44 34 

33 

11 23 

12 22 

Pin Funclon Pin Function 
1 Pl.5 23 P2.51A13 

Pl.6ISCL 24 P2.6IA14 

Pl.7ISDA 25 P2.7/A15 

4 RST 26 PSeI'I 
5 P3.O/RxD 27 ALEIPRllG 

NC 28 NC 

P3.11TxD 29 EJWPP 
P3.2IINTO 30 PO.7/AD7 

P3.3'II'm" 31 PO.6IAD6 
10 P3.4iTO 32 PO.5fAD5 

11 P3.5IT1 33 PO.41AD4 

12 P3.&'WR 34 PO.3lAD3 
13 P3.711D 35 PO.21AD2 
14 XTAl2 36 PO.l/ADl 

15 XTAl1 37 PO.O/ADO 
16 VSS 36 Vee 

17 NC 39 NC 

18 P2.o/A8 40 Pl.0 

19 P2.1/A9 41 Pl.l 

20 P2.21Al0 42 Pl.2 

21 P2.3/A11 43 Pl.3 

22 P2.41A12 44 Pl.4 
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BLOCK DIAGRAM 

FREQUENCY 
REfERENCE 
r-'---1 

XTAI.2 XTAl1 

OSCILLATOR 
AND 

nMiNG 

CPU 

INTERNAL 
INTERRUPIS 

IIITIi IRTl 
L-.,----J 
EXTERNAL 

INTERRUPTS 

NOTE: 

PROGRAII 
IIEMORY 

~~ 

CONTROL 

,. The 87C&S. EPROIlIa not .~_. 
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CQUNTERS 

r-'---1 
TO T, 

TWO,&-BIT 
nllERlEYENT 

CQUNTERS 

PROG SERIAL PORT 
FULL DUPLEX UART 

SYNCHRONQUS SHFT 

SERIALIN SERIAL QUT , , 
SHARED WITH 

PORT 3 
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP lCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vee; 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.O--O.7 39-32 43-36 37-30 I/O Port 0: Port 0 is an open-drain. bidirectional /10 port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. PortO also outputs the code 
bytes during program verification in the 87C652. External pull-ups are required during 
program verification. 

PI.O-P1.7 l-a 2-9 40-44, 110 Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups, except Pl.6 and Pl.7 
1--3 which are open drain. Port 1 pins that have 1 s written to them are pulled high by the internal 

pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: Ilu. 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 

Pl.6 7 8 2 110 SCl: 12C-bus serial port clock line. 

Pl.7 8 9 3 110 SOA: 12C-bus serial port data line. 

P2.O-P2.7 21-28 24--31 18-25 110 Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-Ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IlL). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX@DPTR). In this application. it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 to-17 11, 5, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 1 s 
13--19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: Id. Port 3 also serves the special features of the 80C51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxO (P3.1): Serial output port 
12 14 8 I IRTII (P3.2): External interrupt 
13 15 9 I lJiIT1 (P3.3): External interrupt 
14 16 10 I TO (P3.4): limer 0 external input 
15 17 11 I T1 (P3.5): limer 1 external input 
16 18 12 0 WR (P3.5): External data memory write strobe 
17 19 13 0 RU (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vee;. 

ALEIPROO 30 33 27 110 Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is Ski~~~~Uring each access to external data memory. This pin is 
also the program pulse input ( during EPROM programming. 

!'SEN 29 32 26 0 Program Store Enable: The read strobe to external ~am memory. When the 87C652 is 
executing code from the external program memory, is activated twice each machine 
cycle. except that two PSEfif activations are skipped during each access to external data 
memory. PSEfif is not activated during fetches from internal program memory. 

tAJVpp 31 35 29 I External Access Enable/Programming Supply Voltage: E)I; must be externally held low to 
enable the device to fetch code from external program memory locations OOOOH and 1 FFFH. 
If E)I; is held high. the device executes from internal program memory unless the program 
counter contains an address greater than 1 FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 

NOTE: 
To avoid 'latch-up' effect at power-on. the voltage on any pin at any time must not be higher than Vee + 0.5V or Vss - 0.5V. respectively. 
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page NO TAG. 

To drive the device from an external clock 
source, XTAl1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 

RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Table 1. External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE 

Idle Internal 1 

Idle External 1 

Power-down Internal 0 

Power-down External 0 

Serial Control Register (S1 CON) - See Table 2 
S,CON (DOH) I CR21 ENS', STA 'STO' 51 , AA , CR, , ClIO , 

P"SER PORTO 

1 Data 

1 Float 

0 Data 

0 Float 
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POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

Bits CRO, CRl and CR2 determine the serial clock frequency that Is generated in the master mode of operation. 

Table 2. Serial Clock Rates 

BIT FREQUENCY (kHz) AT Jose 

CR2 CR1 CRO 6MHz 12MHz 16MHz 20MHz fose DIVIDED BY 

0 0 0 23 47 62.5 78 256 
0 0 1 27 54 71 89 224 
0 1 0 31.25 62.5 83.3 104' 192 
0 1 1 37 75 100 125' 160 
1 0 0 6.25 12.5 17 21 960 
1 0 1 50 100 133' 1661 120 
1 1 0 100 200' 267' 334' 60 
1 1 1 > 0.25 < 62.5 > 0.5 < 62.5 > 0.65 < 55.6 >0.81 < 69.4 96 x (256 - (reload value limer 1 )) 

Oto 255 o to 254 o to 253 o to 253 (Reload value range: 0 - 254 in mode 2) 

NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range --S5 to + 150 °C 

Voltage on EJVVpp to Vss --{J.5to + 13 V 

Voltage on any other pin to Vss --{J.5 to + 6.5 V 

Input, output current on any single pin ±5 mA 

Input, output current on any two pins ±10 mA 

Power dissipation (based on package heat transfer 1 W 
limitations, not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to V ss unless otherwise noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE FREQUENCY 
(V) (MHz) TEMPERATURE 

TYPE MIN. MAX. MIN. MAX. (OC) 

S87C652-4 4.5 5.5 3.5 16 o to +70 

S87C652-5 4.5 5.5 3.5 16 -40 to +85 

S87C652-7 4.5 5.5 3.5 20 o to +70 

S87C652-8 4.5 5.5 3.5 20 -40 to +85 
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DC ELECTRICAL CHARACTERISTICS 
Vss=ov 

SYMBOL PARAMETER 

VIL Input low voltage. 
except"Eil:. Pl.6JSCL. Pl.7/sDA 

VILI Input low voltage to "EiI: 

VIl2 Input low voltage to Pl.6JSCL, Pl.7/sDA6 

VIH Input high voltage, except XTAL 1, RST, 
Pl.6JSCL, Pl.7/sDA 

VIHI Input high voltage, XTAL 1, RST 

VIH2 Input high voltage, P1.61SCL. Pl.7/sDA6 

VOL Output low voltage, ports 1, 2, 3, 
except Pl.6JSCL, Pl.7/sDA 

Vall Output low voltage, port 0, ALE, PSEliI 

VOl2 Output low voltage, Pl.6/SCL, Pl.7ISDA 

VOH Output high voltage, ports 1, 2, 3 

VOHI Output high voltage, Port 0 in external bus 
mode, ALE, PSEliI, RS"T1' 

IlL Logical 0 input current, ports 1, 2, 3, except 
Pl.6/sCL, Pl.7/sDA 

III Logical l-to-o transition current, ports 1, 2, 
3, except P 1.6/SCL, Pl.7ISDA 

ILl Input leakage current, port 0 

1L2 Input leakage current, Pl.6JSCL, Pl.7/SDA 

Icc Power supply current: 

Active mode@ 16MHz2 

Idle mode @ 16MHz3 

Power down mode 4,5 

Power down mode 4,5 

RRST Internal reset pull-down resistor 

CiO Pin Capacitance 

NOTES: See next page. 

January 7, 1993 

PART TYPE 

OOC to + 70°C 
-40·C to +85·C 

ooc to +70°C 
-40"C to +85OC 

O·C to + 700C 
-40·C to +85OC 

O°C to + 700C 
-40"C to +85·C 

O·Cto +70·C 
-40·C to +85·C 

OOC to + 70°C 
-40°C to +85°C 

OOC to + 70°C 
-40·C to +85°C 

OOC to + 7O·C 
-40·C to +85·C 

OOC to + 70°C 
-40·C to + 125·C 
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TEST UMITS 

CONDInONS MIN. MAX. UNIT 

...{l.5 0.2Vee- 0.1 V 

...{l.5 0.2Vee-0.15 V 

...{l.5 0.2Vee- 0.3 V 

...{l.5 0.2Vee - 0.35 V 

...{l.5 1.5 V 

0.2Vee+ 0.9 Vee +0.5 V 
0.2Vee+ 1.0 Vee + 0.5 V 

O·7Vee Vee + 0.5 V 
0·7Vcc+ 0.1 Vcc+ 0.5 V 

3.0 6.0 V 

IOL= 1.6mAB 0.45 V 

IOL =3.2mAB 0.45 V 

IOL= 3.0mA 0.4 V 

IOH =-OOIIA 2.4 V 
IOH = -2511A 0.75Vce V 

IOH = -40011A 2.4 V 
IOH =-15011A 0.75Vee V 

VIN= O.45V -50 IIA 
-75 IIA 

See Note 7 -050 IIA 
-750 IIA 

0.45 < Vi < Vee ±10 IIA 

OV<Vj<6.0V ±10 IIA 
OV < Vce < 6.0V IIA 

See Note 1 

Vee=6.0V 
25 mA 
6 mA 

50 iiA 
135 iiA 

50 150 k.Q 

Freq. = 1MHz 10 pF 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
I. See Figures 20 through 23 for lee test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTALI driven with t, = ~ = IOns; VIL = Vss + 0.5V; VIH = Vee 

...(I.5V; XTAL2 not connected; EJI; = RST = PortO = PI.S = PI.7 = Vee; fCLK = ISMHz. See Figure 20. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL I driven with t, = " = IOns; V1L = Vss + 0.5V; VI-j = Vee 

...(I.5V; XTAL2 not connected; PortO = PI.S = PI.7 = Vee;EJI; = RST = Vss; feLK = ISMHz. See Figure 21. 
4. The power-down current is measured with all output pins disconnected: XTAL2 not connected: PortO = PI.S = PI.7 = Vee: EJI; = RST = Vss. 

See Figure 23. 
5. 2V :s; VPD :s; Veemax. 
S. The input threshold voltage of PI.S and PI.7 (SIOI) meets the 12(; specification, so an input voltage below 1.5V will be recognized as a logic 

o while an input voltage above 3.0V will be recognized as a logic I. 
7. Pins of ports I , 2, and 3 source a transition current when they are being externally driven from I to O. The transition current reaches its 

maximum value when V ... is approximately 2V. 
8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports I and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make I-to-O transitions during bus operations. In the 
worst cases (capacitive loading> lOOpF), the noise pulse on the ALE pin may exceed O.SV. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 10L can exceed these concfllions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

9. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and l'SEN to momentarily fall below the O.9Vee specification when the 
address bits are stabilizing. 
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AC ELECTRICAL CHARACTERISTICS 
Ta"" = O°C to +70°C or TarrIJ = -4Q°C to +85°C Vss = OV1, 2 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

I!tcLCL 12 Oscillator frequency 3,5 16 MHz 

ILHLL 12 ALE pulse width 85 2tcLCL-40 ns 

tAvLL 12 Address valid to ALE low 8 tcLCL~5 ns 

ILLAX 12 Address hold after ALE low 28 tcLCL--35 ns 

ILLiv 12 ALE low to valid instruction in 150 41cLCL-l00 ns 

ILLPL 12 ALE low to PSEN low 23 tcLCL-40 ns 

IpLPH 12 PSEN pulse width 143 3tcLcL-45 ns 

IpLiV 12 PSEN low to valid instruction in 83 31cLcL-l05 ns 

tpXIX 12 Input instruction hold after PSEN 0 0 ns 

tpXIZ 12 Input instruction Hoat after PSEN 38 tcLCL-25 ns 

tAVIV 12 Address to valid instruction in 208 5tcLCL-l05 ns 

tpLAZ 12 PSEN low to address float 10 10 ns 

Data Memory 

tAVLL 13, 14 Address valid to ALE low 28 tcLCL --35 ns 

tRLRH 13,14 1m' pulse width 275 6tclCL-l00 ns 

tWLWH 13,14 WR pulse width 275 61cLcL-100 ns 

tRLDV 13,14 1m' low to val id data in 148 51cLcL-165 ns 

tRHDX 13,14 Data hold after 1m' 0 0 ns 

tRHDZ 13,14 Data float after 1m' 55 2teLCL-70 ns 

tLLDV 13,14 ALE low to valid data in 350 81cLcL-150 ns 

tAVDV 13,14 Address to valid data in 398 91cLcL-165 ns 

ILLWL 13,14 ALE low to 1m' or WR low 138 238 3teLCL-50 3teLCL +50 ns 

tAvwL 13,14 Address valid to WR low or 1m' low 120 41cLcL-130 ns 

tovwx 13,14 Data valid to WR transition 3 teLCL~O ns 

tDw 13,14 Data setup time before WR 288 7teLcL-150 ns 

tWHQX 13,14 Data hold after WR 13 tcLCL~O ns 

tRLAZ 13,14 mY low to address float 0 0 ns 

tWHLH 13,14 1m' or WR high to ALE high 23 103 tcLCL--40 tcLCL +40 ns 

Shift Register 

tXLxL 15 Serial port dock cycle time' 0,75 12teLCL (.lS 

tavXH 15 Output data setup to dock rising edge' 492 lOlcLcL-133 ns 

tXHQX 15 Output data hold after clock rising edge4 8 21cLcL-117 ns 

tXHDX 15 Input data hold after clock rising edge' 0 0 ns 

tXHDV 15 Clock rising edge to input data valid' 498 lOlcLcL-l33 ns 

External Clock 

teHcx 16 High time' 20 20 teLCL-tLQW ns 

teLcx 16 Lowtime4 20 20 teLCL -!HIGH ns 

feLCH 16 Risetime4 20 20 ns 

tcHcL 16 Fall time4 20 20 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
Tamb ~ O'C to +70'C or Tamb ~ -40D C to +85D C Vss ~ OV', 2 

SYMBOL FIGURE PARAMETER 

lltCLCL 12 Oscillator frequency 

tLHLL 12 ALE pulse width 

tAVLL 12 Address valid to ALE low 

tLLAX 12 Address hold after ALE low 

tLUv 12 ALE low to valid instruction in 

ILLPL 12 ALE low to 1"SEIiI' low 

IpLPH 12 1"SEIiI' pulse width 

tpuv 12 1"SEIiI'Iow to valid instruction in 

tPXIX 12 Input instruction hold after 1"SEIiI' 

tPXIZ 12 Input instruction float after !'SEN 

tAvlV 12 Address to valid instruction in 

tpLAZ 12 1"SEIiI' low to address float 

Data Memory 

tAVLL 13,14 Address valid to ALE low 

tALRH 13,14 RD pulse width 

tWLWH 13,14 WR pulse width 

tRLOV 13,14 RD low to valid data in 

tRHOX 13,14 Data hold after RD 

tRHOZ 13,14 Data float after RD 

tLLOV 13,14 ALE low to valid data in 

tAvDV 13,14 Address to valid data in 

tLLWL 13,14 ALE low to RD or WR low 

tAVWL 13,14 Address valid to WR low or RD low 

tavwx 13,14 Data valid to WR transition 

tow 13,14 Data setup time before WR 

tWHOX 13,14 Data hold after WR 

tRLAZ 13,14 RD low to address float 

tWHLH 13,14 RD or WR high to ALE high 

Shift Register 

tXLXL 15 Serial port clock cycle time4 

tavxH 15 Output data setup to clock rising edge4 

tXHOX 15 Output data hold after clock rising edge4 

tXHOX 15 Input data hold after clock rising edge4 

tXHOV 15 Clock rising edge to input data valid4 

External Clock 

tcHCX 16 High time4 

teLCX 16 Lowtime4 

teLCH 16 Risetime4 

tcHCL 16 Fall time4 
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20MHzCLOCK VARIABLE CLOCK 

MIN MAX MIN MAX UNIT 

3.5 20 MHz 

60 2tcLcL-40 ns 

25 tcLCL-25 ns 

25 tcLcL-25 ns 

135 4tcLCL-65 ns 

25 tcLCL-25 ns 

105 31cLcL-45 ns 

90 3tcLCL--SO ns 

0 0 ns 

25 tcLCL-25 ns 

170 5tcLCL-80 ns 

10 10 ns 

25 tcLCL-25 ns 

200 6tcLCL-l00 ns 

200 61cLcL-l00 ns 

160 5tcLCL-90 ns 

0 0 ns 

72 2tcLCL-28 ns 

250 81cLcL-150 ns 

285 9tcLCL-165 ns 

100 200 31cLcL-50 3tcLCL+50 ns 

125 4tcLCL-75 ns 

20 tcLcL-.'30 ns 

220 71cLcL-130 ns 

25 tcLCL-25 ns 

0 0 ns 

25 75 tcLCL-25 tcLCL +25 ns 

0.6 12lcLcL fLs 

367 10tcLCL-133 ns 

40 2teLcL~0 ns 

0 0 ns 

367 1 OfcLCL -133 ns 

17 17 tcLCL- tLOW ns 

17 17 teLCL-iHIGH ns 

20 20 ns 

20 20 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
Tamil = ODC to +70DC orTIUri> = --40DC to -Hl5DC Vss = OV',2 

SYMBOL PARAMETER 

12C Interface 

~D;STA START condition hold time 

tLDW SCllowtime 

IHIGH SCl high time 

tRe SClrisetime 

!Fc SClfalitime 

tsu; DAT1 Data set-up time 

tsu; DAT2 SDA set-up time (before rep. START cond.) 

tsu; DAT3 SDA set-up time (before STOP cond.) 

IHD; DAT Data hold time 

tsu;STA Repeated START set-up time 

tsu;STO STOP condition set-up time 

taUF Bus free time 

tRO SDA rise time 

tm SDA fall time 

NOTES: 

INPUT 

;;, 14 tcLCL 

;;, 16 tcLCL 

;;, 14 tcLCL 

:S;11J.S 

:S;0.31J.S 

;;, 250ns 

;;, 250ns 

;;, 250ns 

;;'Ons 

;;, 14lcLcL 4 

;;, 14 tcLCL 4 

;;, 14 tcLCL 4 

:s; 11J.S7 

:S;300ns7 

1. Parameters are valid over operating temperature range and voltage range unless otherwise specified. 
2. load capacitance for port 0, ALE, and PSEJil = 100pF, load capacitance for all other outputs = 8OpF. 
3. These values are characterized but not 100% production tested. 
4. At 100 kbitts. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 
5. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 111S. 
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OUTPUT 

>4,~4 

> 4.71J.S 4 

> 4.0f1s 4 

- 5 

<0.3I1S 6 

> 20 tcLCL -lAD 
> 11J.S4 

>8 tcLCL 

> 8 tcLCL - tFC 

>4.71J.S4 

>4.01154 

>4.71154 

- 5 

<0.31J.S6 

6. Spikes on the SDA and SCl lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCl=400pF. 

7. tcLCL = 1/fosc = one oscillator clock period at pin XTAl1. For 63ns < tCLCL < 285ns (16MHz > fosc > 3.5MHz) the 12C interface meets the 
12C-bus specification for bit-rates up to 100 kbit/s. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has fiw characters. The 
first character is always 't' (~time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 

Q - Output data 
R - lID" signal 
I - Time 
V - Valid 
W- WRsignai 
X - No longer a valid logic level 
Z - Float 

o - Input data 
H - Logic level high 

Examples: IAVLl ~ Time for address valid 
to ALE low. 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - l'S"EN 

ALE 

POmo 

PORT 2 

UPL ~ Time for ALE low 
to l'Srn low. 

Figure 12. External Program Memory Read Cycle 

ALE 

tWHLH -

i4-----tLLDV -----i·~1 
tLLWl --+l~---tRlRH ----+I 

~------------~--------~ 

AO-A7 

A8-A15 

tRHDZ 

PORTO DATA IN AO-A7 FROM PCl 

PORT 2 P2.0-P2.7 OR A8-A 15 FROM DPH AB-A15 FROM PCH 

Figure 13. External Data Memory Read Cycle 
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ALE 

tLLWL --i~---tWLWH ---~ 

WR -------t-----..J 

tavwx 
tDW 

PORTO DATA OUT AO-A7 FROM peL INSTRIN 

PORT 2 ____________ P_2_.~ __ ~_7_0_R_A_~ __ A1_5_F_RO_M __ D_PH ____________ _':><: ~A1SFROMPCH 

INSTRUCTION o 

ALE 

CLOCK 

OUTPUT DATA 

t 
WRITE TO SBUF 

INPUT DATA 

'---t-' 
CLEAR RI 

Ja nuary 7, 1993 

Vcc-"·S 

O.45V 

Figure 14. External Data Memory Write Cycle 

Figure 15. Shift Register Mode Timing 

o.7Vcc 
o.2VCC-o'1 

Figure 16. External Clock Drive 

957 

I I I 
JlILfLfiJU 

t 
SETRI 
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'HD;STA 'Low 'HIGH tSU;DAT1 tHD;DAT tSU;DAT2 

Figure 17. Timing 5101 (12C) Interface 

V
CC
-ll.5=X >C O.2VCC..o·9 

O.45V~ .o...:.2V~C:::c-ll,-=''':'' ____ _ 

NOTE, 

AC INPUTS DURING TESTING ARE DRIVEN AT Vcc-O.5 FOR A LOGIC '1' AND 

O.45V FOR A LOGIC '0'. TIMING MEASUREMENTS ARE MADE AT VIH MIN FOR A 

LOGIC '" AND VIL MAX FOR A LOGIC '0'. 

Figure 18. AC Testing InpulfOutput 
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VLOAO+O·1V 

VLOAD'-----< 

NOTE, 

TIMING 
REFERENCE 

POINTS 
VOL..o·1V 

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A ,ooMV 
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A 
'OOmV CHANGE FROM THE LOADED VOHNOL LEVEL OCCURS. 

IOH/0L 2: ± 2OmA. 

Figure 19. Float Waveform 
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Vee 

Vee 
Vee 

RST 

87C652 
(NC) XTAL2 PI.6 

P'.7 
CLOCK SIGNAL XTAL1 

Vss 

Figure 20. lee Test Condition, Active Mode 
All other pins are disconnected 

Vcc;-4.5 - - - -r--" 
O.4SV 

NOTE: 

Figure 22. Clock Signal Waveform for Icc 
Tests In Active and Idle Modes 

tcLCL = tcHCL = 10n8 
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Vee 

Vce 
RST 

PO 

87C652 

XTAL2 
PI.S 

PI.7 
XTALI 

Vss 

Figure 21. Icc Test Condition, Idle Mode 
All other pins are disconnected 

Vcc 

Vee 
RST 

EX 

-
87C652 

(NC) XTAL2 PI.S 

P1.7 
XTAU 

vss 

Figure 23. Icc Test Condition, Power Down Mode 
All other pins are disconnected 

Vcc = 2V to 5.5V 

Ports 1.6 and 1.7 should be connected to Vee through resistors of sufficiently high value such Ihatlhe sink current into Ihese pins does not 
exceed the lou specification. 
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EPROM CHARACTERISTICS 
The 87C652 is programmed by using a 
modified Quick-Pulse ProgrammingT" 

algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALEi'PFlOO pulses. 

The 87C652 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C652 manufactured by Philips 
Components. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 24 and 25. Figure 26 shows 
the circuit configuration for normal program 
memory verification. 

QuiCk-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 24. Note that 
the 87C652 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EP ROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 24. The code byte to be 
programmed into that location is applied to 
port O. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALE/moo is pulsed low 25 times as shown 
in Figure 25. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the "Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the FJlJVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 2S. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Table 3. EPROM Programming Modes 

MODE RST PSEN ALEiPROO EJVVpp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O' Vpp 1 

Verify code data 1 0 1 1 0 

Pgm encryption table 1 0 O' Vpp 1 

Pgm lock bit 1 1 0 O' Vpp 1 

Pgm lock bit 2 1 0 O' Vpp 1 

NOTE· s. 
1. '0' ~ Valid low for that pin. '1' = valid high for that pin. 
2. Vpp ~ 12.75V ±O.25V 
3 Vee ~ 5V±100/0 during programming and verification. 

Product specification 

87C652 

Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a nonmal verification of 
locations 030H and 031 H, except that P3.S 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 

(031 H) 

5H indicates manufactured by 
Philips 
99H indicates 87CS52 

ProgramNerify Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light souraes over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapten tape Fluorglas 
part number 2345-5. or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/crn2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes. at a distance of about 1 
inch. should be sufficient. Erasure leaves the 
array in an all 1 s state. 

P2.6 P3.7 P3.6 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

ALE/PROO receives 25 programming pulses while Vpp is held at 12.75V Each programming pulse is low for 100).1s (±10fLs) and high for a 
minimum of 10fLS. 

T"Trademark phrase of Intel Corporation. 
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flY 

" 
Vce 

A 

An-A7 PI PO PGIIDATA --v " 
1 RST ElWpp +12.7SV 

1 P3.6 ALEiPRllG 25 lool1S PULSES TO GROUND 

1 Pl.7 87C652 I'S£II 0 

P2.7 
, 

~-~ 1-
XTAL2 

P2.6 0 

T T A 
XTAL1 P2.O-P2.4 A8-A,2 

" ~ VSS P2.5 0 

-=::--

Figure 24. Programming Configuration 

~IC~-----------------------25PULSES --------------------------~.I 

.-----
AlEJ'PROG': 

'OIlS MIN -1 l"'c~--------,OIlS±'o-----...;·.!1 

AlElPllOll"; o~1 ____________ ~n~ __________ ~/l~ __ __ 

Figure 25. PROG Waveform 

J1" " 
Vee 

An-A7 p, PO ~ PGMDATA 
v , RST ElWpp , 

, P3.6 ALEIPRllG , 
, P3.7 87C652 I'S£II 0 

...l... XTAL2 P2.7 o Emnn:E 

4-6MHz T t- P2.6 0 

XTAL1 P2.O-P2.4 
I/t----- AB--A12 

~ vss P2.S 0 

..,,~ -

Figure 26. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tanb ~ 21"C to +27"C, Vee ~ 5V+10%, vss ~ OV (see Figure 27) -
SYMBOL 

Vpp 

Ipp 

1/lcLCl 

tAVGL 

taHAX 

IoVGL 

taHDX 

~HSH 

tsHGL 

taHSL 

taLGH 

tAVQv 

tELQZ 

tEHQZ 

taHGL 

P1.~P1.7 
P2.O-P2.3 

PORTO 

AlE1l'llOO 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to PFlOO low 

Address hold after PROG 

Data setup to PROG low 

Data hold after PROG 

P2.7 (ENABCE) high to Vpp 

Vpp setup to PROG low 

Vpp hold after PROG 

PROGwidth 

Address to data valid 

ENABCE low to data valid 

Data float after ENABCE 

PROG high to PROG low 

PROGRAMPJlNG* 

ADDRESS 

DATA IN 

tDV L- I- - 4-- taHDX 

tAVG to- :....-.. tGHAX 

~ " ~LGH ... ~ -)0 ~ ~HGl 
tSHGl ~ tGHSl 

/ 
V 

'" LOGIC 0 

MIN 

12.5 

4 

48IcLCL 

48lcLcL 

48lcLCL 

48IcLCL 

48IcLCL 

10 

10 

90 

0 

10 

VERIACAllON* 

ADDRESS 

......... fo-- tAVQV 

DATA OUT 

lOGIC ! LOGIC! 
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MAX UNIT 

13.0 V 

50 mA 

6 MHz 

~s 

~ 

ltO ~ 

48IcLCL 

48IcLCL 

48lcLcL 

~ 

------------ ----------------------------- ----------- ------------

P2.7 
EmrnJ:E 
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tEHSH tElQ~ 

'1 'FOR PROGRAMMING VERIFICATION SEE FIGURE 24. I 
FOR VERIFICATION CONDITIONS SEE FIGURE 25. 

Figure 27. EPROM Programming and Verification 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 

tEHQZ 

provided the system conforms to the 12C specifications defined by Philips, 

962 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 

DESCRIPTION 
The PS3C654 Single-Chip S-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the SOC51 microcontroller family. The 
83C654 has the same instruction set as the 
80C51. Two versions of the derivative exist: 

83C654 - 16k bytes mask programmable 
ROM 

87C654 - EPROM version (described in a 
separate data sheet) 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 83C654 contains a non-volatile 

16k x 8 read-only program memory, a volatile 

256 x 8 readlwrite data memory, four 8-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), a 
multi-source, two-priority-Ievel, nested 
interrupt structure, an 12C interface, UART 
and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC654 can be expanded using standard 
TIL compatible memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 58% of 
the instructions are executed in 0.75{O.5)j.1s 
and 40% in 1.5{1 )j.1s. Multiply and divide 
instructions require 3(2)j.1s. 

LOGIC SYMBOL 

January 7,1993 

FEATURES 
• 80C51 central processing unit 

• 16k X 8 ROM expandable externally to 
64k bytes 

• 256 X 8 RAM, expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• 12C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UARTfacilities 

• Power control modes 

- Idle mode 
- Power-down mode 

• ROM code protection 

• Extended frequency range: 1.2 to 24 MHz 

• Three operating ambient temperature 
ranges: 

a to +70oC 

- --40 to +85°C 

- --40 to + 125°C 
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PIN CONFIGURATIONS 

VDD 

PO.D/ADO 

PO.l/ADt 

PO.21AD2 

PO.3/AD3 

PO.4fAD4 

PO.5fA05 

PO.6/AD6 

PO.7/AD7 

EJ( 

ALE 

PSER 

P2.7/A1S 

P2.6/A14 

P2.S/A13 

P2.4/A12 

P2.3fA11 

XTAl> P2.2fAl0 

XTAU P2.1/A9 

Vss P2.0/A8 

39 

17 29 

44 34 

33 

11 23 

12 22 

SEE PAGE 984 FOR OFP AND Lee PIN FUNCTIONS. 
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ORDERING INFORMATION 

PHIUPS PART 
ORDER NUMBER PHI UPS NORTH AMERICA 
PART MARKING PART ORDER NUMBER 

ROMless' ROM ROMless' ROM 

P80C652FBP P83C654FBP/xxx S80C652-4N40 S83C654-4N40 

P80C652FBA P83C654FBAlxxx 880C652-4A44 883C654-4A44 

P80C652FBB P83C654FBB/xxx 880C652-4B44 883C654-4B44 

P80C652FFP P83C654FFP/xxx S80C652-5N40 S83C654-5N40 

P80C652FFA P83C654FFA/xxx S80C652-5A44 883C654-5A44 

P80C652FFB P83C654FFBlxxx S80C652-5B44 883C654-5B44 

P80C652FHP P83C654FHP/xxx S80C652-SN40 S83C654-6N40 

P80C652FHA P83C654FHAlxxx S80C652-SA44 883C654-6A44 

P80C652FHB P83C654FHBlxxx S80C652-SB44 883C654-6B44 

P80C6521BP P83C6541BP/xxx 880C652-AN40 S83C654-AN40 

P80C6521BA P83C6541 BAlxxx S80C652-M44 883C654-M44 

P80C6521BB P83C6541 BBlxxx S80C652-AB44 S83C654-AB44 

P80C6521FP P83C6541FP/xxx S80C652-BN40 S83C654-BN40 

P80C6521FA P83C6541 FAlx xx S80C652-BA44 S83C654-BA44 

P80C6521FB P83C6541FB/xxx S80C652-BB44 883C654-BB44 

NOTES: 
1. For full specification, see the 80C652/83C652 data sheet. 
2. 83C654 frequency range is 1.2MHz -16MHz or 1.2MHz - 24MHz. 
3. For specification of the EPROM version, see the 87C654 data sheet. 
4 xxx denotes the ROM code number. 
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TEMPERATURE 
RANGE "C 

Drawing AND PACKAGE FREQ 
Number MHz2,3 

SOT129 o to +70, Plastic Dual In-line Package 16 

o to +70, Ceramic Dual In-line Package 16 
w/Window 

SOT187 o to +70, Plastic Leaded Chip Carrier 16 

SOT311 o to +70, Plastic Quad Flat Pack 16 

SOT129 -40 to +85, Plastic Dual In-line Package 16 

SOT187 -40 to +85, Plastic Leaded Chip Carrier 16 

SOT311 -40 to +85, PlasticQuad Flat Pack 16 

SOT129 -40 to + 125, Plastic Dual In-line Package 16 

SOT187 -40 to + 125, Plastic Leaded Chip Carrier 16 

SOT311 -40 to + 125, PlasticQuad Flat Pack 16 

SOT129 o to +70, Plastic Dual In-line Package 24 

SOT187 o to +70, Plastic Leaded Chip Carrier 24 

SOT311 o to + 70, Plastic Quad Flat Pack 24 

SOT129 -40 to +85, Plastic Dual In-line Package 24 

SOT187 -40 to +85, Plastic Leaded Chip Carrier 24 

SOT311 -40 to +85, Plastic Quad Flat Pack 24 
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TEMPERATURE 
RANGEoC 

EPROM' Drawing AND PACKAGE FREQ 
Number MHzZ,3 

S87C654-4N40 0415C o to +70, Plastic Dual In-line Package 16 

S87C654-4F40 0590B o to +70, Ceramic Dual In-line Package 16 
wlWindow 

S87C654-4A44 0403G o to +70, Plastic Leaded Chip Carrier 16 

S87C654-4K44 1472A o to +70, Ceramic Leaded Chip Carrier 16 
wlWindow 

S87C654-4B44 11180 o to +70, PlasticQuad Flat Pack 16 

S87C654-5N40 0415C -40 to +85, Plastic Dual In-line Package 16 

S87C654-5F40 0590B -40 to +85, Ceramic Dual In-line Package 16 
wlWindow 

S87C654-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 16 

S87C654-5K44 1472A -40 to +85, Ceramic Leaded Chip Carrier 16 
wlWindow 

S87C654-5B44 1118D -40 to +85, Plastic Quad Flat Pack 16 

S87C654-7N40 0415C o to +70, Plastic Dual In-line Package 20 

S87C654-7F40 0590B o to +70, Ceramic Dual In-line Package 20 
wlWindow 

S87C654-7A44 0403G o to +70, Plastic Leaded Chip Carrier 20 

S87C654-7K44 1472A o to +70, Ceramic Leaded Chip Carrier 20 
wlWindow 

S87C654--£N40 0415C -40 to +85, Plastic Dual In-line Package 20 

SB7C654--£F40 0590B -40 to +85, Ceramic Dual In-line Package 20 
wlWindow 

S87C654--£A44 0403G -40 to +85, Plastic Leaded Chip Carrier 20 
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PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 

ri n ~ 
7[ 

0 P39 
PLCC 

17[ 029 

~ ~ 
Pin Function Pin Funetion 

1 NC 23 NC 
2 Pl.D 24 P2.o/A8 

3 Pl.l 25 P2.1/A9 

4 P1.2 26 P2.2JA10 
5 P1.3 27 P2.31A11 

6 P1.4 28 P2.4IA12 
7 Pl.5 29 P2.51A13 
B Pl.6iSCL 30 P2.61A14 
9 Pl.71SDA "' P2.7/A15 

10 RST 32 PSEI'I 
11 P3.O/RxD 33 ALE 
12 NC 34 NC 
13 P3.11TxD 35 Ell: 

" P3.2IlNTO 36 PO.7/AD7 
15 P3.3IINTT 37 PO.61ADs 
16 P3.4fTo 38 PO.51AD5 
17 P3.5IT1 39 PO.4IAD4 
18 P3.6IWR 40 PO.3/AD3 
19 P3.71RD 41 PO.21AD2 
20 XTAL2 42 PO.l/AD1 
21 XTAL1 43 PO.O/ADo 
22 VSS 44 VDD 

January 7, 1993 

PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

ii j 
1= a F=33 

POFP 

11= f= 23 

tl tl 
12 22 

Pin Function Pin Fl.MlCIion 
1 P1.5 23 P2.51AI3 
2 Pl.6ISCL 24 P2.61A14 
3 F1.7/SDA 25 P2.7/A15 
4 RST 26 PSEI'I 
5 P3.OIRxD 27 ALE 
6 VSS4 28 VSS2 
7 P3.1/TxD 29 EJWpp 
8 P3.2IINTO 30 PO.7/AD7 

9 P3.3IINTT 31 PO.61AD6 
10 P3.4fT0 32 PO.51AD5 
11 P3.5iT1 33 PO.4IAD4 
12 P3.6IWR 34 PO.31AD3 
13 P3.7/RU 35 PO.21AD2 
14 XTAL2 36 PO.l/ADl 
15 XTALl 37 PO.O/ADO 
16 VSS1 38 Voo 
17 NC 39 VSS3 
18 P2.G'A8 40 Pl.0 
19 P2.1/A9 41 Pl.l 
20 P2.21Al0 42 Pl.2 
21 P2.31Al1 43 Pl.3 
22 P2.4IA12 44 P1.4 

NOTES TO QFP ONLY: 
1. Due to EMC improvements, all Vss pins 

(6, 16, 28, 39) must be connected to Vss 
on the 8OC652183C654. 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 

PIN NUMBER 

MNEMONIC DIP PLCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 6,16, I Ground: OV reference. With the QFP package all V ss pins (V ss 1 to V S54) rnust be 
28,39 connected. 

Voo 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.O-O.7 39-32 43-36 37~0 1/0 Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. 

P1.O-P1.7 1-8 2-9 40-44, 1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except Pl.6 and P1.? 
1-3 which are open drain. Port 1 pins that have 1 s written to them are pulled high by the internal 

pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: lid. 
Alternate functions include: 

P1.6 7 8 2 1/0 SCl: 12C-bus serial port clock line. 
P1.? 8 9 3 1/0 SDA: 12C-bus serial port data line. 

P2.O-P2.7 21-28 24-31 18-25 1/0 Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: lid. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
tnat use 16-bit addresses (MOVX@DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 11, 5, 1/0 PorI 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: lid. Port 3 also serves the special features of the 8OC51 
family, as listed below: 

10 11 5 I RltD (P3.0): Serial input port 
11 13 7 0 TxD (P3.l): Serial output port 
12 14 8 I INTl! (P3.2): External interrupt 
13 15 9 I lNTf (P3.3): External interrupt 
14 16 10 I TO (P3.4): TImer 0 external i'lput 
15 17 11 I T1 (P3,5): TImer 1 external input 
16 18 12 0 WR (P3,6): External data memory write strobe 
17 19 13 a RO (P3.?): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Voo. 

ALE 30 33 27 1/0 Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency. Note that one ALE pulse is skipped during each access to external data 
memory. 

PSEN 29 32 26 0 Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It is 
activated twice each machine cycle during fetches from the external program memory. When 
executing out of external program memory two activations of PSEN are skipped during each 
access to external data memory. PSEN is not activated (remains HIGH) during no fetches 
from external program memory. PSEN can sink/source 8 LSTTL inputs and can drive CMOS 
inputs without external pull-ups. 

EA 31 35 29 I External Access: If during a RESET, EA is held at TTL, level HIGH, the CPU executes out 
of the internal program memory ROM provided the Program Counter is less than 16384. If 
during a RESET, EA is held a TTL LOW level, the CPU executes out of external program 
memory. EA is not allowed to float. 

XTALl 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 a Crystal 2: Output from the inverting oscillator amplifier. 
NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than VDO + 0.5V or Vss - 0.5V, respectively. 
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ROM CODE PROTECTION 
(83C654) 
The 83C654 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-}lrogrammable 
security bit (i.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The MOVC instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The E!I: input is latched during 
RESET and is "don·t care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on VDD and RST must 
come up at the same time for a proper 
start-up. 

Table 1. External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE 

Idle Internal 1 

Idle External 1 

Power-down Internal a 
Power-down External a 

Serial Control Register (S1CON) - See Table 2 

S,CON (DaH) I CR21 ENS' I STA I STO I 51 I AA I CR' I CRO I 

PSER PORTO 

1 Data 

1 Float 

a Data 

0 Float 
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Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke power
down is the last instruction executed. Only 
the contents of the on-chip RAM are pre
served. A hardware reset is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register peON. Table 1 
shows the state of the 1/0 ports during low 
current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 

Table 2. Serial Clock Rates 
BIT FREQUENCY (kHz) AT fosc 

CR2 CR1 CRO 6MHz 12MHz 16MHz 24MHz fose DIVIDED BY 

0 0 a 23 47 62.5 94 256 
a a 1 27 54 71 107' 224 
a 1 a 31.25 625 83.3 125' 192 
a 1 1 37 75 100 150' 160 
1 a a 6.25 12.5 17 25 960 
1 a 1 50 100 133' 200' 120 
1 1 a 100 200' 267' 400' 60 
1 1 1 0.24 < 62.5 0.49 <62.5 0.65 < 55.6 0.98 < 50.0 96 x (256 - (reload value Timer 1» 

a to 255 a to 254 o to 253 Oto 251 reload value range Timer 1 (in mode 2) 

NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range -65 to + 150 °c 

Voltage on any other pin to Vss --{).5 to + 6.5 V 

Input, output current on any single pin ±5 rnA 

Power dissipation (based on package heat transfer 1 W 
limitations, not devioe power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 

damage 10 the devioe. This is a stress rating only and functional operation of the devioe at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to V ss unless otherwise noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE FREQUENCY TEMPERATURE 
(V) (MHz) RANGE 

TYPE MIN. MAX. MIN. MAX. (0C) 

P83C654FBx 4.0 6.0 1.2 16 o to +70 

P83C654FFx 4.0 6.0 1.2 16 -40 to +85 

P83C654FHx 4.5 5.5 1.2 16 -4010 +125 

P83C6541Bx 4.5 5.5 1.2 24 o to +70 

P83C6541F. 4.5 5.5 1.2 24 -40 to +85 
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DC ELECTRICAL CHARACTERISTICS 
Vss = ov 

SYMBOL PARAMETER 

V,l Input low voltage, 
exceptEA, P1.6/SCl, P1.7/SDA 

V,Ll Input low voltage to EA 

V,l2 Input low voltage to PI.6/SCl, P1.7ISDA6 

V,H Input high voltage, except XTAl I, RST, 
PI.6/SCl, PI.7/SDA 

V,H1 Input high voltage, XTAl I, RST 

V,H2 Input high voltage, P1.61SCl, P1.7/SDA6 

VOL Output low voltage, ports I, 2, 3, 
except P1.6/SCl, P1.7/SDA 

VOLl Output low voltage, port 0, ALE, !'SEN 

VOl2 Output low voltage, PI.6/SCl, PI.7/SDA 

VOH Output high voltage, ports I, 2, 3, AlE,!'SEN1o 

VOH1 Output high voltage; port 0 in extemal bus mode 

I,l logical 0 input current, ports I, 2, 3, 
except PI.6/SCl, PI.7/SDA 

ITl logical 1-to-{) transition current, ports I, 2, 3, 
except PI.6/SCl, PI.7/SDA 

III Input leakage current, port 0, EA 

Il2 Input leakage current, PI.6/SCl, PI. 7/SDA 
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PART TYPE 

Oto +70oC 

-40 to +8SoC 

-40 to +12SoC 

Oto +70oC 

-40 to +SSoC 

-40 to +12SoC 

Oto +70oC 

-40 to +85°C 

-40 to + 12SoC 

o to +70oC 

-40 to +85°C 

-40 to + 12SoC 

o to +70oC 

-40 to +8SoC 

-40 to + 12SoC 

o to +70oC 

-40 to +8SoC 

-40 to + 12SoC 
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TEST LIMITS 

CONDITIONS MIN. MAX. UNIT 

~.S 0.2Voo-O·1 V 

~.S 0.2Voo-O·1S V 

~.S 0.2Voo-O·25 V 

~.S 0.2Voo-O·3 V 

~.S 0.2Voo-O·35 V 

~.S 0.2Voo-O.45 V 

~.S 0.3Voo V 

0.2Voo+0.9 Voo+o.S V 

0.2Voo+1.0 Voo+0.5 V 

0.2Voo+1.0 Voo+0.5 V 

0.7Voo Voo+O.S V 

O· 7Voo+O.1 Voo+0.5 V 

O·7VDO+O.I Voo+D·5 V 

0.7Voo 6.0 V 

IOl = 1.6mA8, 9 0.45 V 

IOl = 3.2mA8, 9 0.45 V 

IOl =3.0mA 0.4 V 

IOH = -SOfIA 2.4 V 
IOH = -25fIA 0.7SVoo V 
IOH = -IOfIA 0.9Voo V 

IOH = -SOO!lA 2.4 V 
IOH = -300!lA 0.7SVoo V 
IOH = -SOfIA 0.9Voo V 

Y,N = 0.45V -SO 
fIA 

-75 fIA 
-7S flA 

See note 7 -SSO flA 
-750 fIA 
-750 flA 

0.45V < V, < Voo ±IO flA 
OV < V, < 6.0V ±IO fIA 

OV < Voo < 6.0V fIA 
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DC ELECTRICAL CHARACTERISTICS (CONTINUED) 

TEST LIMITS 

SYMBOL PARAMETER PART TYPE CONDITIONS MIN. MAX. 

100 Power supply current: See note 1 

Active mode@ 16MHz2. 11 Voo=6.0V 28.0 
Active mode @ 24MHz2. 11 Voo=S.SV 3S.0 
Idle mode@ 16MHz3. 11 6 
Idle mode @ 24MHz3. 11 7 
Power down mode4• 5 SO 
Power down mode4• 5 -40 to + 12SoC 100 

RRST Internal reset pull-down resistor 50 ISO 

C,O Pin capacitance Freq.=IMHz 10 

NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 9 through 11 for 100 test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with tr = t, = Sns; 

V,L = Vss + O.SV; V,H = Voo-O·SV; XTAL2 not connected; EA = RST = Port 0 = Pl.6 = Pl.7 = Voo. See Figure 9. 
3. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with tr = t, = 5ns; V,L = Vss + O.SV; 

V,H = Voo-O.SV; XTAL2 not connected; Port 0 = PI.S = Pl.7 = Voo; EA = RST = Vss. See Figure 10. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.S = Pl.7 = Voo; 

EA = RST = Vss. See Figure 11. 
5 2V::; Vpo::; Voomax. 

UNIT 

mA 
mA 
mA 
mA 

"" "" k.Q 

pF 

6. The input threshold voltage of Pl.S and Pl. 7 (SI01) meets the 12e specification, so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above 0.7Voo will be recognized as a logic 1. 

7. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when Y,N is approximately 2V. 

B. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed O.BV. In such cases. it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

9. Under steady state (non-transient) conditions, IOL must be externally limited as follows: Maximum IOL = 10mA per port pin; Maximum 
IOL = 26mA total for Port 0; Maximum IOL = ISmA total for Ports 1, 2, and 3; Maximum 10L = 71 mA total for all output pins. If IOL exceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9VOD specification when the 
address bits are stabilizing. 

11. IODMAX for other frequencies can be derived from Figure 1, where FREQ is the external oscillator frequency in MHz. IODMAX is given in mAo 
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40 

100 
(rnA) 

30 -

(1) V 
lL V 

20 

/ V 

L V 
,..'" 10 

-00 

(1) MAXIMUM OPERAnNG MODE, VOO = VODmox 

(2) MAXIIIUIiIDLE MODE, VOO = VODmox 

These values are valid within the apecified 
frequency range. 

(2) k--

12 16 

IXTAL1 (MHz) 

50 

100 
(rnA) 

40 

30 

20 

10 
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..,; V 
V 

.:z-V 

L V 
VV 

./ 
V -(2) 

--
8 12 16 24 

txTAL1 (MHz) 

(1) MAXIMUM OPERATING MODE, VOD = VODmax 

(2) MAXIMUM IDLE MODE, VOO = VOOmax 

These values are valid within the specified 
frequency range. 

Figure 1. 100 vs. Frequency 
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AC ELECTRICAL CHARACTERISTICS1, 2 (16 MHz type) 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

111cLcL 2 Oscillator frequency 1.2 16 MHz 

ILHLL 2 ALE pulse width 85 2IcLCL-40 ns 

tAvLL 2 Address valid to ALE low 8 IcLCL-05 ns 

ILLAX 2 Address hold after ALE low 28 IcLCL-35 ns 

lLuv 2 ALE low to valid instruction in 150 4IcLCL-l00 ns 

ILLPL 2 ALE low to ?SEN low 23 IcLCL-40 ns 

IpLPH 2 l'SEN pulse width 143 3IcLCL-45 ns 

Ipuv 2 l'SER low to valid instruction in 83 31cLCL-l05 ns 

IpXIX 2 Input instruction hold after l'SEN 0 0 ns 

IpXIZ 2 Input instruction float after l'SEN 38 IcLCL-25 ns 

!AVIV 2 Address to valid instruction in 208 51cLCL-l05 ns 

IplAZ 2 l'SER low to address float 10 10 ns 

Data Memory 

tRLRH 3,4 lID pulse width 275 61cLcL-100 ns 

tWLWH 3,4 WR pulse width 275 61cLCL-100 ns 

tRLOV 3,4 lID low to valid data in 148 51cLCL-165 ns 

tRHDX 3,4 Data hold after lID 0 0 ns 

tRHDZ 3,4 Data float after lID 55 21cLCL-70 ns 

lLLov 3,4 ALE low to valid data in 350 81cLCL-150 ns 

!Avov 3,4 Address to valid data in 398 91cLCL-165 ns 

ILLWL 3,4 ALE low to lID or WR low 138 238 3lcLcL-OO 31cLCL+50 ns 

!AVWI. 3,4 Address valid to WR low or lID low 120 41cLcL-130 ns 

tovwx 3,4 Data valid to WR transition 3 IcLCL-60 ns 

low 3,4 Data setup time before WR 288 71cLCL-150 ns 

tWHQX 3,4 Data hold after WR 13 IcLCL-OO ns 

tRlAZ 3,4 lID low to address Hoat 0 0 ns 

tWHLH 3,4 lID or WR high to ALE high 23 103 IcLCL-40 IcLCL+40 ns 

Shift Register 

tXLXL 5 Serial port clock cycle time3 0.75 12lcLcL IJ.S 
toVXH 5 Output data setup to clock rising edge3 492 101cLcL-133 ns 

tXHQX 5 Output data hold after clock riSing edge3 80 21cLCL-117 ns 

tXHOX 5 Input data hold after clock rising edge3 0 0 ns 

tXHDV 5 Clock rising edge to input data valid3 492 1 OtcLcL-133 ns 

External Clock 

IcHCX 6 High time3 20 20 IcLCL -IcLCX ns 

IcLCX 6 Lowtime3 20 20 IcLCL -IcHCX ns 

IcLCH 6 Rise lime" 20 20 ns 

IcHCL 6 Falltime3 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and ?SEN = 100pF, load capacitance for all other outpUts = 80pF. 
3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS1, 2 (24 MHz type) 

24MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/tcLCL 2 Oscillator frequency 1.2 24 MHz 

It.HLL 2 ALE pu Ise width 43 21cLcL-40 ns 

tAvLL 2 Address valid to ALE low 17 tcLCL-25 ns 

It.LAX 2 Address hold after ALE low 17 tcLCL-25 ns 

It.LlV 2 ALE low to valid instruction in 102 4tcLcL-65 ns 

It.LPL 2 ALE low to !'"SEN low 17 IcLcL-25 ns 

lpLPH 2 !'"SEN pulse width 80 31cLcL-45 ns 

lpLiV 2 P"SEN low to valid instruction in 65 31cLcL-60 ns 

tPXIX 2 Input instruction hold after !'"SEN 0 0 ns 

tpXIZ 2 Input instruction float after !'"SEN 17 IcLCL-25 ns 

tAVIV 2 Address to valid instruction in 128 5tcLCL-60 ns 

tpLAZ 2 P"SEN low to address float 10 10 ns 

Data Memory 

tRLRH 3,4 RD pulse width 150 61cLcL-l00 ns 

tWLWH 3,4 WR pulse width 150 61cLcL-l00 ns 

tRLDV 3,4 RD low to valid data in 118 51cLCL-90 ns 

tRHDX 3,4 Data hold after RD 0 0 ns 

tRHDZ 3,4 Data float after RD 55 21cLCL-28 ns 

It.LDV 3,4 ALE low to valid data in 180 81cLcL-150 ns 

tAVDv 3,4 Address to valid data in 210 91cLcL-165 ns 

tLLWL 3,4 ALE low to RD or WR low 75 175 3IcLcL-SO 31cLCL+50 ns 

tAVWL 3,4 Address valid to WR low or RD low 92 41cLcL-75 ns 

tovwx 3,4 Data valid to WR transition 12 IcLCL--'30 ns 

tow 3,4 Data setup time before WR 162 71cLcL-130 ns 

tWHox 3,4 Data hold after WR 17 IcLCL-25 ns 

tRLAZ 3,4 RD low to address Hoat 0 0 ns 

tWHLH 3,4 RD or WR high to ALE high 17 67 IcLcL-25 IcLCL+25 ns 

Shift Register 

tXLXL 5 Serial port ciock cycle time3 0.5 12lcLcL Jls 

toVXH 5 Output data setup to clock rising edge3 283 101cLcL-133 ns 

tXHOX 5 Output data hold after ciock riSing edge3 23 2IcLCL-60 ns 

tXHDX 5 Input data hold after clock rising edge3 0 0 ns 

tXHDV 5 Clock rising edge to input data valid3 283 1 DtcLcL -133 ns 

External Clock 

IcHCX 6 High time3 17 17 tcLCL -IcLCX ns 

IcLCX 6 Lowtime3 17 17 IcLCL -IcHCX ns 

IcLCH 6 Rise time3 5 5 ns 

tcHCL 6 Falltime3 5 5 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and !'"SEN = 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT 

SCl TIMING CHARACTERISTICS 

lHo; STA START condition hold time ~ 14lcLCL > 4.0115' 

It.ow SCllOWtime ~ 16lcLCL > 4.7115' 

IHIGH SCl HIGH time ~ 14lcLcL > 4.0115' 

tRC SCL rise time $; 1115 
_2 

!Fc SClfalitime $;0.3115 < 0.31153 

SOA TIMING CHARACTERISTICS 

tsu; DAT1 Data set-up time ~250ns > 20 IcLCL - tRO 

tau; DAT2 SDA set-up time (before rep. START cond.) ~250ns > 1115' 

tau; DAT3 SDA set-up time (before STOP cond.) ~250ns > 8lcLCL 

lHo; OAT Data hold time ~Ons > 8 IcLCL -!Fe 

tsu; STA Repeated START set-up time ~ 14lcLcL > 4.7115' 

tsu; STO STOP condition set-up time ~ 14lcLCL > 4.0115' 

taUF Bus free time ~ 14lcLCL > 4.7115' 

tRO SDArisetime $; II'S - 2 

tFO SDA fall time $; 0.3115 < 0.31153 

NOTES: 
1. At 100 kbills. At other bit rates this value is inversely proportional to the bit-rate of 100 kbills. 
2. Determined by the external bus-line capacitance and the external bus-line pull-resistor. this must be < II'S. 
3. Spikes on the SDA and SCl lines with a duration of less than 3lcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 

SCl=400pF. 
4. IcLCL = 11fosc = one oscillator clock period at pin XTAl I. For 63ns (42ns) < IcLCL < 285ns (16MHz (24MHz) > fosc > 3.5MHz) the SIOI 

interface meets the 12C-bus specification for bit-rates up to 100 kbills. 

TIMING 5101 (12C) INTERFACE 

SOA 
(INPUT/OUTPUlj 

SCl 
(INPUTIOUTPUlj 

-+---1+----'1 

tHO;STA 'Low 

January 7. 1993 

'HIGH tsU;OAT1 IHO;OAT tSU:OAT2 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The Q - Output data 
first character is always 't' (= time). The other R - mJ signal 
characters, depending on their positions, t - Tome 
indicate the name of a signal or the logical V - Valid 
status of that signal. The designations are: W - WFt signal 
A - Address X - No longer a valid logic level 
C - Clock Z - Float 
D - Input data Examples: tAVLL = Tome for address valid 
H - Logic level high to ALE low. 
I - Instruction (program memory contents) It.LPL = Tome for ALE low 
L - Logic level low, or ALE to !"SEN low. 
P - !"SEN 

ALE 

PORTO AD-A7 

PORT 2 A8-A15 

Figure 2. Exlernal Program Memory Read Cycle 

ALE 

" .-.. "~:f "- / 

·1 lll.cV 

~ILLWL tRLRH 

" 
IAVll 

~ 
-IRLDV--' 

~ 
IRHDZ 

IRLAZ tRHDX -

=>---< AD-A7 '-"" / 
FROM RI OR DPL '1 DATA IN 

/// " 
AD-A7 FROM PCL INSTRIN 

PORTO 

f4---IAVWL --

IAVDV 

PORT 2 )< P2.0-P2.7 OR A8-A15 FROM OPH A8-A 15 FROM PCH 

Figure 3. Exlernal Oala Memory Read Cycle 

January 7,1993 977 



Philips Semiconductors Microcontroller Products Product specification 

CMOS single-chip 8-bit microcontroller 83C654 

ALE '\ / 

-tWHLH-

!--tllWL tWLWH 

WR 

tLLAX 

I--tAVLL tavwx --- I-- tWHOX 

low 

=>----< AD-A7 
~ K FROM RI OR DPL OATAOUT AO-A7 FROM PCL INSTRIN PORTO 

:..---- t AVWL -

PORT2 )< P2.~.7 OR A8-A15 FROM DPH _'5 FROM PCH 

Figure 4. External Data Memory Write Cycle 

INSTRUCTION 

ALE 

r- tXlXl ~ ------, 
CLOCK 

OUTPUt OATA, ___ ---y __ ~ ,------ ,------X X X X X 7 
WRITE TO SBUF '----' '----' '----' '------' '----tJ 

IXHOX 
SETTI 

INPUT DATA 

t-' 
CLEAR RI t 

SETRI 

Figure 5. Shift Register Mode Timing 
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Figure 6. External Clock Drive at XTAL 1 

VDD-O·5 =x >C O.2vDD-tO·· 

O.4SV ._Il.2_V.::D"'I)"<I_·· _____ _ 

NOTE: 

At:; INPUTS DURING TESTING ARE DRIVEN AT VDo-O.5 FOR A LOGIC ... AND 

O.45V FOR A LOGIC "0'. TIMING MEASUREMENTS ARE MADE ATVIH MIN FOR A 

LOGIC '1' ANDVIL MAX FOR A LOGIC '0'. 

Figure 7. AC Testing Input/Output 
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VLOAO+D·1V 

VlOAD'-----< 

NOTE: 

mUNG 
REFERENCE 

POINTS 

VoH-O·1V 

VOL+<J·IV 

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A l00MV 
CHANGE FROM LOAD VOLTAGE OCCURS. AND BEGINS TO FLOAT WHEN A 
1 OOmV CHANGE FROM THE LOADED VOWVOL LEVEL OCCURS. loH'bL l!: ± 
2OmA. 

Figure 8. Float Waveform 
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VDD 

VDD 

(NC) 

VDD 

PO 

P1.6 

P1.7 
CLOCK SIGNAL 

NOTE: 

Vss 

Figure 9. IDD Test Condition, Active Mode 
All other pins sre disconnected 

-
(NC) 

RST 

EX 

XTAL2 

XTAL1 

Vss 

P1.6 

P1.7 

Vss 

Figure 10. IDD Test Condition, Idle Mode 
All other pins are disconnected 

VDO 

Figure 11. 100 Test Condition, Power Down Mode 
All other pins are disconnected. VOD = 2V 10 S.SV 

VDD 

• Ports 1.6 and 1.7 should be connected to Vee through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the lou specification. 

lIa •..•••.•... · .. · .. 
D ..•. ·., .•.•. · •. ~ 
IIUS 
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Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components In the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The 87C654 SingiErChip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the BOC51 
microcontroller family. The 87C654 has the 
same instruction set as the BOC51. Two 
versions of the derivative exist: 

83C654 - 16k bytes mask programmable 
ROM 

87C654 - EPROM version 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C654 contains a non-volatile 
16k x 8 EPROM, a volatile 256 x 8 read/write 
data memory, four 8-bit1!0 ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-Ievel, 
nested interrupt structure, an 12C interface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C654 can be expanded 
using standard TTL compatible memories 
and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75JlS and 40% 
in 1.5J.ls. Multiply and divide instructions 
require 3J.ls. 

LOGIC SYMBOL 

January 7, 1993 

FEATURES 
• 80C51 central processing unit 

• 16k x 8 EPROM expandable externally to 
64kbytes 

• 256 x 8 RAM, expandable externally to 
64kbytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• 12C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 

- Idle mode 
- Power-down mode 

• Five package styles 

• Extended temperature range 

• OTP package available 

• Three speed ranges 

- 16MHz 

- 20MHz 
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PIN CONFIGURATIONS 

XTAU 

XTAL1 

Vss 

7 

17 

18 

11 

12 

40 

28 

22 

Vee 
PO.OIAIlO 

PO.1/AD1 

po'21AD2 

PO.31AD3 

PO.41AD4 

P2.7/A15 

P2.6/A14 

P2.41A12 

P2.31A11 

P2.21A10 

P2.1/A9 

P2.O/AS 

38 

29 

33 

23 
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ORDERING INFORMATION 

PHIUPSPART 
ORDER NUMBER PHI UPS NORTH AMERICA TEMPERATURE 
PART MARKING PART ORDER NUMBER RANGE"C 

ROMless ROM ROM less ROM Drawing AND PACKAGE FREQ 
Number MHz 

P80C652FBP P83C654FBP/xxx S80C652-4N40 S83C654-4N40 SOT129 o to +70, Plastic Dual In-line Package 16 

o to +70, Ceramic Dual In-line Package 16 
wlWindow 

P80C652FBA P83C654FBAlxxx seoC652-4A44 SB3C654-4A44 SOT187 o to +70, Plastic Leaded Chip Carrier 16 

P80C652FBB P83C654FBBlxxx SBOC652-4B44 SB3C654-4B44 SOT311 o to +70, Plastic Quad Flat Pack 16 

P80C652FFP P83C654FFP/xxx S80C652-5N40 S83C654-5N40 SOT129 -40 to +85, Plastic Dual In-line Package 16 

P80C652FFA P83C654FFAlxxx SBOC652-5A44 SB3C654-5A44 SOT187 -40 to +85, Plastic Leaded Chip Carrier 16 

P80C652FFB P83C654FFBlxxx SBOC652-5B44 SB3C654-SB44 SOT311 -40 to +85, Plastic Quad Flat Pack 16 

P80C652FHP P83C654FHP/xxx SBOC652---SN40 S83C654-6N40 SOTI29 -40 to + 12S, Plastic Dual In-line Package 16 

P80C652FHA P83C654FHAlxxx SBOC652---SA44 SB3C654-6A44 SOT187 -40 to + 125, Plastic Leaded Chip Carrier 16 

P80C652FHB P83C654FHBlxxx SBOC652---SB44 SB3C654-6B44 SOT311 -40 to +12S, Plastic Quad Flat Pack 16 

P80C652IBP P83C654IBP/xxx SBOC652-AN40 S83C654-AN40 SOT129 o to +70, Plastic Dual In-line Package 24 

P80C652IBA P83C6541 BAlxxx SBOC652-M44 S83C654-M44 SOT187 o to +70, Plastic Leaded Chip Carrier 24 

P80C652IBB P83C6541 BBlxxx SBOC652-AB44 S83C654-AB44 SOT311 o to +70, Plastic Quad Flat Pack 24 

P80C652IFP P83C654IFP/xxx SBOC652-BN40 S83C654-BN40 SOT129 -40 to +85, Plastic Dualln-line Package 24 

P80C652IFA P83C654IFAlxxx SBOC652-BA44 SB3C654-BA44 SOT187 -40 to +8S. Plastic Leaded Chip Carrier 24 

P80C652IFB P83C6541 FBlxxx SBOC652-BB44 SB3C654-BB44 SOT311 -40 to +85, Plastic Quad Rat Pack 24 

NOTES: 
1. For full specification. see the 87C652 data sheet. 
2. 87C654 frequency range is 3.SMHz - 16MHz or 3.5MHz - 24M Hz. 
3. xxx denotes the ROM code number. 
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TEMPERATURE 
RANGE"C 

EPROM Drawing AND PACKAGE FREQ 
Number MHz 

587C654-4N40 0415C o to +70, Plastic Dual In-line Package 16 

587C654-4F40 05908 o to +70, Ceramic Dual In-line Package 16 
w/Window 

S87C654-4A44 0403G o to +70, Plastic Leaded Chip Carrier 16 

S87C654-4K44 1472A o to +70, Ceramic Leaded Chip Carrier 16 
wlWindow 

587C654-4B44 11180 o to +70, Plastic Quad Flat Pack 16 

587C654-5N40 0415C -40 to +85, Plastic Dual In-line Package 16 

587C654-5F40 05908 -40 to +85, Ceramic Dual In-line Package 16 
wlWindow 

587C654-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 16 

587C654-SK44 1472A -40 to +85, Ceramic Leaded Chip Carrier 16 
wlWindow 

S87C654-5B44 11180 -40 to +85, Plastic Quad Flat Pack 16 

587C654-7N40 0415C o to +70, Plastic Dual In-line Package 20 

587C654-7F40 05908 o to +70, Ceramic Dual In-line Package 20 
wlWindow 

587C654-7A44 0403G o to +70, Plastic Leaded Chip Carrier 20 

587C654-7K44 1472A o to + 70, Ceramic Leaded Chip Carrier 20 
w/Window 

587C654-5N40 0415C -40 to +85, Plastic Dual In-line Package 20 

587C654-5F40 05908 -40 to +85, Ceramic Dual In-line Package 20 
wlWindow 

587C654-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 20 
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CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK 
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS 

~ n ~ 
7C/ 

0 P31 33 

Lce 

17 C P29 11 23 

'Ii it ,. 22 

Pin Function Pin Function Pin Function Pin Function 
1 NC 23 NC 1 Pl.5 23 P2.51A13 

Pl.0 24 P2.OIAS Pl.6/SCL 24 P2.6/A14 
Pl.l 25 P2.lIA9 Pl.7/SDA 25 P2.7/A15 

4 Pl.2 26 P2.21Al0 RST 26 PSEIiI 
P1.3 27 P2.3IA11 P3.QlRxD 27 AlEIPROO 
P1A 28 P2.41A12 NC 28 NC 
Pl.5 29 P2.51A13 P3.1fTxD 29 EJWPP 
Pl.6/SCl 30 P2.6/A14 P3.2IiNTIl 30 PO.7/AD7 

9 P1.7/SDA 31 P2.7/A1S P3.31iN1T 31 PO.6/AD6 
10 RST 32 PSEIiI 10 P3.4ITO 32 PO.51ADS 
11 P3.OIRxD 33 ALEIPFIOG 11 P3.5IT1 33 PO.41AD4 
12 NC 34 NC 12 P3.6/WR 34 PO.3IAD3 
13 P3.1fTxD 35 EJWPP 13 P3.7RD 35 PO.21AD2 
14 P3.2IiNTIl 36 PO.7/AD7 14 XTAl2 36 PO.lIADl 
15 P3.3IifITl 37 PO.6/AOS 15 XTAl1 37 PO.OIADO 
16 P3.4ITO 38 PO.51AD5 16 VSS 38 Vee 
17 P3.5IT1 39 PO.4IAD4 17 riC 39 NC 
18 P3.6/WR 40 PO.3IAD3 18 P2.QlAS 40 Pl.0 
1. P3.71RD 41 PO.21A02 19 P2.1/A9 41 Pl.1 
20 XTAl2 42 PO.l/AD1 20 P2.21Al0 42 P1.2 
21 XTALl 43 PO.O/AOO 21 P2.31Al1 43 P1.3 
22 Vss 44 VCC 22 P2.41A12 44 Pl.4 
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PIN DESCRIPTIONS 

PIN NUMBER 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16 I Ground: OV reference. 

Vcr; 40 44 38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.O-O.7 39-32 43-36 37--30 I/O Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1 s written 10 them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses 10 external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. Port 0 also outputs the code 
bytes during program verification in the 87C654. External pull-ups are required during 
prograrn verification. 

Pl.O-Pl.7 l-a 2-9 40-44, I/O Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except Pl.6 and Pl.7 
l-{i which are open drain. Port 1 pins that have 1 s written 10 them are pulled high by the internal 

pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: IlL). 
Port 1 also receives the low-order address byte during program memory verification. 
Alternate functions include: 

P1.6 7 8 2 110 SCL: 12C-bus serial port clock line. 

P1.7 8 9 3 110 SDA: 12C-bus serial port data line. 

P2.O-P2.7 21-28 24-31 18-25 110 Port 2: Port 2 is an 8-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses 10 external data memory 
that use IS-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 10-17 II, 5, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with intemal pull-ups. Port 3 pins that have 1 s 
13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are extemally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: IILl. Port 3 also serves the special features of the BOC51 
family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.1): Serial output port 
12 14 8 I JIiITlJ (P3.2): External interrupt 
13 15 9 I IlIIT1 (P3.3): External interrupt 
14 16 10 I TO (P3.4): TImer 0 extemal input 
15 17 11 I Tl (P3.5): TImer 1 external input 
16 18 12 0 WI{ (P3.6): External data memory write strobe 
17 19 13 0 1m" (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillalor is running, resets the 
device. An internal diffused resislor to Vss pennits a power-on reset using only an extemal 
capacilor to Vcr;. 

ALEiPROG 30 33 27 110 Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access 10 external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillalor frequency, and can be used for external timing or docking. 
Note that one ALE pulse is skipped during each access 10 external data memory. This pin is 
also the program pulse input (PROO) during EPROM programming. 

l'SEN 29 32 26 0 Program Store Enable: The read strobe to externa~ram memory. When the 87C654 is 
executing code from the external program memory, is activated twice each machine 
cyde, except that two l'SEN activations are skipped during each access 10 extemal data 
memory. l'SEN is not activated during fetches from internal program memory. 

F!1iNpp 31 35 29 I External Access Enable/Programming Supply Voltage: ~ must be externally held low 10 
enable the device to fetch code from external program memory locations OOOOH and 3FFFH. 
If"EJ( is held high, the device executes from intemal program memory unless the program 
counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTALI 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 18 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 

NOTE: 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher than Vcr; + O.SV or Vss - O.SV, respectively. 
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OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAl2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the intemal 
clock circuitry is through a clivide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 

milliseconds) plus two machine cycles. At 
power-on, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke power-

Table 1, External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE 

Idle Internal 1 

Idle External 1 

Power-down Internal 0 

Power-down External 0 

Serial Control Register (51 CON) - See Table 2 

SlCON (Dall) ! CR2! ENS1! STA ! STO! 51 ! AA ! CRl ! CRO ! 

PSEN PORTO 

1 Data 

1 Float 

0 Data 

0 Float 
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down is the last instruction executed. Only 
the contents of the on-chip RAM are pre
served. A hardware reset is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 

Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode 01 operation. 

Table 2. Serial Clock Rates 
BIT FREQUENCY (kHz) AT fosc 

CR2 CR1 CRa 6MHz 12MHz 16MHz 2DMHz lose DIVIDED BY 

0 0 0 23 47 62.5 78 256 
0 0 1 27 54 71 891 224 
0 1 0 31.25 62.5 83.3 1041 192 
0 1 1 37 75 100 1251 160 
1 0 0 6.25 12.5 17 21 960 
1 0 1 50 100 1331 1661 120 
1 1 0 100 2001 2671 3341 60 
1 1 1 0.25 < 62.5 0.5< 62.5 0.65<55.6 0.81 <69.4 96 x (256 - (reload value Timer 1)) 

Oto 255 o to 254 o to 253 o to 253 (Reload value range: 0 - 254 in mode 2) 

NOTES: 
1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application. 
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ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range ~5to +150 °C 

Voltage on ~pp to Vss --{l.5to + 13 V 

Voltage on any other pin to Vss --{l.5 to + 6.5 V 

Input, output current on any single pin ±5 mA 

Power dissipation (based on package heat transfer 1 W 
limitations, not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 

DEVICE SPECIFICATIONS 

SUPPLY VOLTAGE FREQUENCY TEMPERATURE 
(V) (MHz) RANGE 

TYPE MIN. MAX. MIN. MAX. (OC) 

S87C654-4 4.5 5.5 3.5 16 o to +70 

S87C654-5 4.5 5.5 3.5 16 -40 to +85 

S87C654-7 4.5 55 3.5 20 o to +70 

S87C65~ 4.5 5.5 3.5 20 -40 to +85 
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DC ELECTRICAL CHARACTERISTICS 
vss~ov 

SYMBOL PARAMETER 

Vil Input low voltage, 
except~, Pl.6/SCL, Pl.7/SDA 

VIL1 Input low voltage to ~ 

VI1.2 Input low voltage to Pl.6/SCL, Pl.7/sDA6 

VIH Input high voltage, except XTAL1, RST, 
P1.6/SCL, Pl.7/SDA 

VIH, Input high voltage, XTAL 1, RST 

VIH2 Input high voltage, Pl.6/SCL, Pl.7/SDA6 

VOL Output low voltage, ports 1, 2,3, 
except Pl.6/SCL, P1.7/SDA 

VOL1 Output low voltage, port 0, ALE, PSEN 

VOl2 Output low voltage, P1.6/SCL, P1.7/SDA 

VOH Output high voltage, ports 1, 2, 3 

VOH' Output high voltage; port 0 in external bus mode, 
ALE, PSEN, RST'o 

III Logical 0 input current, ports 1, 2, 3, 4, 
except P1.6/SCL, Pl.7/SDA 

ITl Logical 1-to-0 transition current, ports 1, 2, 3, 
except Pl.6/SCL, P1.7/SDA 

lu Input leakage current, port 0 

Il2 Input leakage current, Pl.6/SCL, Pl. 7/SDA 

Icc Power supply current: 

Active mode @ 16MHz2 
Idle mode @ 16MHz3 

Power down mode" 5 

Power down mode'. 5 

RRST Internal reset pull-down resistor 

CIO Pin capacitance 

NOTES: See Next Page. 
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o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +8So C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 

o to +70°C 
-40 to +85°C 
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TEST LIMITS 

CONDITIONS MIN. MAX. UNIT 

--{l.S 0.2Vcc--O.l V 
--{l.5 0.2Vcc-O·15 V 

--{l.S 0.2Vcc-O·3 V 
--{l.5 0.2Vcc-O·35 V 

--{l.5 0.3Vec V 

0.2Vcc+0.9 Vec+D.S V 
0.2Vcc+1.O Vec+D.S V 

0.7Vec Vec+D·S V 
0·7Vcc+0.1 Vcc+0.5 V 

0.7Vcc 6.0 V 

IOL ~ 1.6mAB,9 0.45 V 

IOL ~ 3.2mAB, 9 0.45 V 

IOl ~3.0mA 0.4 V 

IOH ~ -60f!A 2.4 V 
IOH ~-25I'A 0.75Vec V 

IOH ~-400I'A 2.4 V 
IOH ~ -150f!A 0.75Vcc V 

VIN ~ 0.45V -50 f!A 
-75 f!A 

See note 7 -650 f!A 
-750 f!A 

0.45V < VI < Vec ±10 f!A 

OV<VI<6.0V ±10 f!A 
OV < Vec < 6.0V f!A 

See note 1 

Vcc~6.0V 

25 mA 
6 mA 
50 f!A 
135 f!A 

50 150 kQ 

Freq.~lMHz 10 pF 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
1. See Figures 9 through 11 for Icc test conditions. 
2. The operating supply current is measured with all output pins disconnected; XTALI driven with t, = ~ = IOns; 

VIL = Vss + O.SV; VIH = Vee -{).5V; XTAL2 not connected; Eli = RST = Port 0 = P1.6 = Pl.7 = Vee; fCLK = 16MHz. See Figure 9. 
3. The idle mode supply current is measured with all output pins disconnected; XTALI driven with Ir = ~ = IOns; VIL = Vss + 0.5V; 

VIH = Vee-{).5V; XTAL2 not connected; PortO = Pl.6 = P1.7 = Vcc; EA = RST = Vss; fCLK= 16MHz. See Figure 10. 
4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = Pl.6 = Pl.7 = Vee; 

EA = RST = Vss. See Figure 11. 
5. 2V ,,; VPD ,,; Veemax. 
6. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12C specification, so an input voltage below 0.3Vee will be recognized as a 

logic 0 while an input voltage above O.7Vee will be recognized as a logic 1. 
7. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven lrom 1 to O. The transition current reaches its 

maximum value when VIN is approximately 2V. 
8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 

to external bus capacitance discharging into the port 0 and port 2 pins when these pins make l-to-O transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 10L can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

9. Under steady state (non-transient) conditions, IOL must be externally limited as follows: Maximum IOL = 10mA per port pin; Maximum 
IOL = 26mA total for Port 0; Maximum 1m = 15mA total for Ports 1, 2, and 3; Maximum IOL = 71 rnA total for all output pins. If 1m exceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEliIto momentarily fall below the 0.9Vee speCification when the 
address bits are stabilizing. 
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AC ELECTRICAL CHARACTERISTICS1, 2 

16MHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

ll1cLCL 2 Oscillator frequency 3.5 16 MHz 

It.HLL 2 ALE pulse width 85 2IcLCL-40 ns 

tAVLL 2 Address valid to ALE low 8 IcLCL-S5 ns 

It.LAX 2 Address hold after ALE low 28 IcLcL--35 ns 

It.LlV 2 ALE low to valid instruction in 150 41cLCL-l00 ns 

It.LPL 2 ALE low to PSER low 23 IcLCL-40 ns 

IpLPH 2 PSER pulse width 143 31cLcL-45 ns 

IpLiv 2 PSER low to valid instruction in 83 31cLCL-l05 ns 

IpXIX 2 Input instruction hold after PSER 0 0 ns 

IpXIZ 2 Input instruction float after PSEJiI 38 IcLCL-25 ns 

tAVIV 2 Address to valid instruction in 208 51cLCL-l05 ns 

IpLAZ 2 PSEJillow to address float 10 10 ns 

Data Memory 

tAVLL 3,4 Address valid to ALE low 28 IcLCL-35 ns 

tRLRH 3,4 RIJ pu Ise width 275 61cLCL-l00 ns 

tWLWH 3,4 WR pulse width 275 61cLCL-l00 ns 

tRLDV 3,4 RIJ low to valid data in 148 51cLcL-165 ns 

tRHDX 3,4 Data hold after RlJ 0 0 ns 

tRHDZ 3,4 Data float after RIJ 55 21cLCL-70 ns 

It.LDv 3,4 ALE low to valid data in 350 81cLCL-150 ns 

tAvDV 3,4 Address to valid data in 398 91cLCL-165 ns 

tLLWL 3,4 ALE low to RlJ or WR low 138 238 3IcLCL-5O 31cLCL+50 ns 

IAVWL 3,4 Address valid to WR low or RlJ low 120 41cLCL-130 ns 

lavwx 3,4 Data valid to WR transition 3 IcLCL-SO ns 

tow 3,4 Data setup time before WR 288 71cLcL-150 ns 

tWHOX 3,4 Data hold after WR 13 IcLCL-SO ns 

tRLAZ 3,4 RIJ low to address float 0 0 ns 

tWHLH 3,4 RIJ or WR high to ALE high 23 103 IcLCL-40 IcLCL+40 ns 

Shift Register 

tXLxL 5 Serial port clock cycle time3 0.75 12lcLCL fls 

IaVXH 5 Output data setup to clock rising edge3 492 10lcLCL -133 ns 

tXHOX 5 Output data hold after clock rising edge' 80 2IcLCL-I17 ns 

tXHDX 5 Input data hold after clock rising edge' 0 0 ns 

tXHDV 5 Clock rising edge to input data valid' 492 IOIcLCL-133 ns 

External Clock 

IcHCX 6 High time3 20 20 IcLCL-It.OW ns 

IcLCX 6 Lowtime3 20 20 IcLCL ~ tHIGH ns 

IcLCH 6 Risetime3 20 20 ns 

lcHCL 6 Fall time3 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and P"SEl'r = 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS1, 2 

2OMHzCLOCK VARIABLE CLOCK 

SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT 

l/lcLCL 2 Oscillator frequency 3.5 20 MHz 

It.HLL 2 ALE pulse width 60 2IcLCL-40 ns 

!AVLL 2 Address valid to ALE low 25 IcLCL-25 ns 

It.LAX 2 Address hold after ALE low 25 IcLCL-25 ns 

It.LlV 2 ALE low to valid instruction in 135 41clCL-65 ns 

It.LPl 2 ALE low to PSEN low 25 IclCL-25 ns 

IpLPH 2 PSEN pulse width 105 3IcLCl-45 ns 

IpLIV 2 PSEN low to valid instruction in 90 3lclCl-OO ns 

IpXIX 2 Input instruction hold after PSEN 0 0 ns 

IpXIZ 2 Input instruction float after PSEN 25 IcLCL-25 ns 

!AVIV 2 Address to valid instruction in 170 51clCL-80 ns 

IpLAZ 2 PSEN low to address float 10 10 ns 

Data Memory 

tAVLL 3,4 Address valid to ALE low 25 IcLCL-25 ns 

tRLRH 3,4 RU pulse width 200 61cLcl-100 ns 

tWLWH 3,4 WR pulse width 200 61cLcL-100 ns 

tRLDV 3,4 RU low to valid data in 160 5IeLCl-90 ns 

tRHDX 3,4 Data hold after RU 0 0 ns 

tRHDZ 3,4 Data float after RU 72 2IeLCl-28 ns 

It.LDV 3,4 ALE low to valid data in 250 81cLCL-150 ns 

tAVDV 3,4 Address to valid data in 285 91cLCL-165 ns 

tLLWL 3,4 ALE low to RU or WR low 100 200 3IcLCL-50 31clCl+50 ns 

tAVWL 3,4 Address valid to WR low or RU low 125 41cLCL-75 ns 

tavwx 3,4 Data valid to WR transition 20 IcLCl~O ns 

low 3,4 Data setup time before WR 220 71cLCl-130 ns 

tWHOX 3,4 Data hold after WR 25 IcLCL-25 ns 

tRLAZ 3,4 RU low to address float 0 0 ns 

IwHLH 3,4 RU or WR high to ALE high 25 75 IcLCL-25 IcLCL+25 ns 

Shift Register 

tXLXL 5 Serial port clock cycle time3 0.6 12lcLCL !1S 

taVXH 5 Output data setup to clock rising edge3 367 IOtcLCL -133 ns 

tXHOX 5 Output data hold after clock rising edge3 40 2lcLCL-OO ns 

tXHDX 5 Input data hold after clock rising edge3 0 0 ns 

tXHDV 5 Clock rising edge to input data valid" 367 10000cL-I33 ns 

External Clock 

IcHCX 6 Hightime3 17 17 teLCl-It.OW ns 

teLCX 6 Low time" 17 17 teLCl- tHIGH ns 

teLCH 6 Rise time" 20 20 ns 

teHCL 6 Falltime3 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 
3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER INPUT OUTPUT 

SCL TIMING CHARACTERISTICS 

!HD; STA START condition hold time " 14lcLCL >4.01151 

It.ow SCl lOW time " 16lcLCL > 4.7115 1 

!H,GH SCl HIGH time " 14lcLCL > 4.01151 

tRC SCl rise time 5 1115 - 2 

Ifc SCl fall time 50.3115 < 0.31153 

SOA TIMING CHARACTERISTICS 

tsu; DAn Data set-up time " 250ns > 20 IcLCL -tRD 

tsu; OAT2 SOA set-up time (before rep. START cond.) " 250ns > 11151 

tsu; OAT3 SOA set-up time (before STOP cond.) " 250ns > 8lcLCL 

!HD; OAT Data hold time "Ons > 8 IcLCL -lFc 

tsu; STA Repeated START set-up time " 14 lcLCL > 4.71151 

tsu;STO STOP condition set-up time " 14lcLCL > 4.01151 

tauF Bus free time " 14lcLcL > 4.711S1 

tRD SOA rise time 5111S - 2 

IfD SOA fall time 50.3115 < 0.31153 

NOTES: 
1. At 100 kbiVs. At other bit rates this value is inversely proportional to the bit-rate of 100 kbiVs. 
2. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < IllS. 
3. Spikes on the SDA and SCl lines with a duration of less than 3lcLCL will be filtered oul. Maximum capacitance on bus-lines SOA and 

SCl= 400pF. 
4. hCL = 1/fosc = one oscillator clock period at pin XTAll. For 62ns < IcLCL < 285ns (16MHz) > fosc > 3.SMHz) the SIO 1 interface meets the 

12C-bus specification for bit-rates up to 100 kbiVs. 

TIMING SI01 (12C) INTERFACE 

SCl 
(INPUT/OUTPUT) 

-+---+11---1\ 

IHD;STA 'Low 
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tHIGH 

r atad START condition 

tsU;OAT1 tHD;DAT tSU;DAT2 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C - Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - !'SEN 

ALE 

PORTO 

PORT 2 

ALE '\ 

-tLLWL 

!Ill 

Q - Output data 
R - ROsignal 
t - TIme 
V - Valid 
W- WRsignai 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL = TIme for address valid 

to ALE low. 
It.LPL = TIme for ALE low 

toPSENlow. 

Figure 1. Exlernal Program Memory Read Cycle 

~IWHLH-

tUDY -I 
tRLRH 

'\ 

Al>-A7 

A8-/<1S 

V 

IAVU ~~LAX _ 
J.-IRLDV ......... 11- - IRHDZ 

IRLAZ IRHDX -

~ AO-A7 "",, ./ 
FROM RI OR DPL 1 DATA IN 

/// " AO-A] FROM PCL PORTO 

J.-IAVWL ---

IAVDV 

PORT 2 )< P2.0-P2.7 OR AB-A.S FROM DPH A8-A15 FROM PCH 

Figure 2. External Data Memory Read Cycle 
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ALE 

" V 

~tWHLH-

+--tllWL tWLWH 

WR 

tLlAX 

I- ..... I+- tWHQX tAVll Iovwx 
tDW 

PORTO ~ FRO:~~ DPL I>< DATA OUT K AO-A7 FROM PCL INSTRIN 

f4------- tAVWL --

PORT 2 )< P2.0-P2.7 OR All-A.S FROM DPH All-A.S FROM PCH 

Figure 3. External Data Memory Write Cycle 

INSTRUC110N 4 

ALE 

CLOCK 

IovXH I~ i tXHQX I 
, OUTPUT DATA, 

t \ X X~~X~~X~ __ ~X~ __ ~X~ __ ~X~ __ ~I 
WRITE TO SBUF t 

SET 11 
INPUT DATA 

~' 
CLEAR AI t 

SETRI 

Figure 4. Shih Register Mode TIming 
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VCc-G·5 

O.45V 
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Figure 5. External Clock Drive 

VCC~5 =x >C o.2VCC..o·9 

O.45V ,_O'_2_V.;;C"'c-G'-.1 _____ ~ 

NOTE, 

AC INPUTS DURING TESTING ARE DRIVEN AT VCC-<>.5 FOR A LOGIC 'I' AND 
O.45V FOR A LOGIC '0', TIMING MEASUREMENTS ARE MADE AT VIH MIN FOR A 
LOGIC '1' AND VIL MAX FOR A LOGIC '0'. 

Figure 6. AC Testing Input/Output 
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VLOAO-----< 

NOTE: 

liMING 
REFERENCE 

POINTS 

YQK-1l.1V 

VOI.+O.1V 

FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A l00MV 
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A 
l00mV CHANGE FROM THE LOADED VOHiVOL LEVEL OCCURS, IOWOl -" ± 
2OmA. 

Figure 7. Float Waveform 
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Vee 

(NC) 

CLOCK SIGNAL 

Vss 

87C654 

Vee 

PO 

EX 

P1.6 

P'.7 

VCC 
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Vee 

87C654 

Vss 

Figure 8. lee Test Condition, Active Mode 
All other pins are disconnected 

Figure 9. Icc Test Condition, Idle Mode 
All other pins are disconnected 

NOTE: 

Vcc-G·s - - - -~o-.7Y-ee-" 

O.45Y O.2Vcc-G.' "---1'1 

felCl 

Figure 10. Clock Signal Waveform for Icc Tests in Active and Idle Modes 
felCH = tcHCl = 10ns 

Vee 

Vcc 
RST 

Ell 

-
87C6S4 

(NC) XTAL2 P'.6 

P1.7 
XTAL1 

vss 

Figure 11. Icc Test Condition, Power Down Mode 
All other pins are disconnected. Vee = 2V to S.SV 

• Ports 1.6 and 1.7 should be connected to Vee through resistors of sufficienijy high value such that the sink current into these pins does not 
exceed the IOL1 specification. 
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EPROM CHARACTERISTICS 
The 87C654 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALER'ROO pUlses. 

The 87C654 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87CS54 manufactured by Philips 
Components. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 
The setup for microcontroller quick-pulse 
programming is shown in Figure 12. Note that 
the 87C654 is running with a 4to SMHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port o. RST, !'SEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALER'ROO is pulsed low 25 times as shown 
in Figure 13. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the 'Pgm 
Encryption Table' levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the EAiVpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
'Verify Code Data' levels indicated in Table 3. 
The contents of the address location will be 
emitted on port O. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correcUy decode the verification data. The 
encryption table itself cannot be read oul. 

Table 3. EPROM Programming Modes 

MODE RST 1'SEN AlEIPROO ~pp P2.7 

Read signature 1 0 1 1 0 

Program code data 1 0 O· Vpp 1 

Verily code data 1 0 1 1 0 

Pgm encryption table 1 0 O· Vpp 1 

Pgm lock bit 1 1 0 o· Vpp 1 

Pgm lock bit 2 1 0 O· Vpp 1 
NOTES. 
1. '0' = Valid low for that pin, 'I' = valid high for that pin. 
2. Vpp = 12.75ViO.25V. 
3. Vee = 5V±10% during programming and verification. 

Product specification 

87C654 

Reading the Signature Bytes 
The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.S 
and P3.7 need to be pulled to a logic low. The 
values are: 
(030H) 15H indicates manufactured by 

Philips 
(031 H) 99H indicates 87CS54 

ProgramNerlfy Algorithms 
Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing speciflCalions, is suitable. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight or 3 years in room level 
fluoresoentlighting) could cause inadvertent 
erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an allIs state. 

P2.6 P3.7 P3.& 

0 0 0 

0 1 1 

0 1 1 

0 1 0 

1 1 1 

1 0 0 

• A~R'ROO receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100J1S (±IOJ1S) and high for a 
minimum of 10J1S. 

TOT rademark phrase of Intel Corporation. 
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.±§Y 

"-
Vee 

A 

AO-A7 Pl PO 
.~ 

PGMDATA 
v 

1 RST ElWpp +12.75V 

1 P3.6 Al.EiPIRlG 25 100,", PULSES TO GROUND 

1 Pl.7 87C654 PSEH 0 

XTAL2 P2.7 1 

~-~ 1- P2.6 0 

T T A 
XTAl1 P2.«>-"2.5 A6-A13 

f-- Vss 

-==-

Figure 12. Programming Configuration 

~1'~-----------------------25PULSES --------------------------~ 

ALEII'FIl:!G: 

10,", MIN -1 "'I.~-------- 10'"'±10------.;·.I1 

ALEiI'ROG: 0~1 ____________ ~rlL __________ ~rl~ ___ 

Figure 13. PROO Waveform 

Vee 

AO-A7 Pl PO PGMDATA 

RST ElWpp 

P3.6 ALE!PIIt'IG 

P3.7 87C654 PSEH 

XTAl2 P2.7 o ENJIII[E 

P2.6 

XTAL1 P2.g....p2.5 AB-A13 

vss 

-

Figure 14. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
Tarri> = 21"C to +27DC Vee = SV±10% vss = OV (See Rgure 15) 

SYMBOL 

Vpp 

Ipp 

1ItcLCl 

IAVGL 

IGHAx 

toVGL 

IGHOX 

IEHSH 

tsHGL 

IGHSL 

IGLGH 

IAvav 

IELOZ 

IEHOZ 

IGHGL 

P • .G-i' •• 7 
P2.G-P2.3 

PORTO 

ALEIPROG 

PARAMETER 

Programming supply voltage 

Programming supply current 

Oscillator frequency 

Address setup to l'ROG low 

Address hold after l'RmI 

Data setup to l'RmI low 

Data hold after l'ROG 

P2.7 (EmBCE) high to Vpp 

Vpp setup to PROO low 

Vpp hold after l'RmI 

PROOwidth 

Address to data valid 

EIiIABI:E low 10 data valid 

Data float after EIiIABI:E 

l'ROGhigh 10 l'ROGlow 

PROGRAIlIiNG 

ADDRESS 

OATAIN 

IDV(~ I+-- --
IAVG 

~h 
IaLGH ... ~ ... .. 
IsHGL ~ 

/v 

MIN 

12.5 

4 

48tcLCl 

48tcLCl 

48tcLcL 

48tcLCl 

48tcLCL 

10 

10 

90 

0 

10 

-
- laHDX ----. laHAX 

IGHGL 

laHSL 

'" LOGIC. 

LOGIC 0 
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MAX UNIT 

13.0 V 

50 rnA 

6 MHz 

J1S 

J1S 
110 J1S 

48tcLCl 

48tcLCl 

48tcLCL 

J1S 

VERiRCAlION 

ADDRESS '-
/ 

+- IAVQV 

OATAOUT 

LOGIC. 

------------ ----------------------------- ----------- ------------

P2.7 
EJIllJI[E 

January 7,1993 

IEHSH IELQ~ 

<FOR PROGRAMMING VERIFICATION SEE FIGURE 12. I I 
FOR VERIFICATION CONDITIONS SEE FIGURE '4. 

Figure 15. EPROM Programming and VerlHcation 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 

IEHOZ 

provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The 83CE654 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the BOC51 microcontroller family. The 
83CE654 has the same instruction set as the 
BOC51. Two versions of the derivative exist: 

B3CE654 - 16k bytes mask programmable 
ROM, 256 bytes RAM 

80CE654 - ROMless version of the 
83CE654 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XCE654 contains a 

non-volatile 16k X 8 read-only program 

memory (83CE654), a volatile 256 X 8 
readlwrite data memory, four 8-bit I/O ports, 
two 16-bit timer/event counters (identical to 
the timers of the BOC51), a multi-source, 
two-priority-Ievel, nested interrupt structure, 
an 12C interface, UART and on-cllip oscillator 
and timing circuits. For systems that require 
extra capability, the 8XCE654 can be 
expanded using standard TIL compatible 
memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75J.ls and 40% 
in 1.5J.lS. Multiply and divide instructions 
require 3J.ls. 

LOGIC SYMBOL 

November 25, 1992 

FEATURES 
• 80C51 central processing unit 

• 16k X 8 ROM expandable externally to 
64k bytes 

• 256 x 8 RAM, expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit 1/0 ports 

• 12C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• ROM code protection 

• XTAL frequencey range: 1.2MHz to 16MHz 

• Software enable/disable of ALE output 
pulse 

• Electromagnetic compatibility (EMC) 
improvements 

• Operating ambient temperature range: 

- P83CE654 FBB Tamb O°C to +70oC 

- P83CE654 FFB T alT"b -40oC to +85°C 

VDDVSS 
I 

1001 
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PIN CONFIGURATION 

ii R 
1= 0 1== 33 

PLASTIC 
QUAD 
FLAT 
PACK 

11= 1== 23 

tl tl 
12 22 

Pin Function Pin Function 
1 PI.5 23 P2.5IAI3 
2 PI.61SCL 24 P2.61AI4 
3 P1.7/SDA 25 P2.7/A15 , RST 26 "f""S"rn 
5 P3.OIRxD 27 ALE 
6 VSS4 28 VSS2 
7 P3.1ITxD 29 U; 
8 P3.2IIIm! 30 PO.7/AD7 
9 PJ.3IImT 31 PO.61AD6 

10 PJ.4ITO 32 PO.5IAD5 
11 P3.5ITI 33 PO.41AD4 

12 PJ.6iWR 34 PO.:VAD3 
13 P3.7lID 35 PO.21AD2 
14 XTAl2 36 PO.l/AD1 
15 XTALt 37 PO.QlADO 
16 VSS1 38 VDD2 
17 VDDI 39 VSS3 
18 P2.D/AS 40 Pl.D 
19 P2.1/A9 41 Pl.1 

20 P2.21A10 42 PI.2 
21 P2.3/Al1 43 PI.3 

22 P2.41A12 44 PI., 
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ORDERING INFORMATION 

ROMless ROM 

POOCE654FBB P83CE654FBB 

POOCE654FFB P83CE654FFB 

ELECTROMAGNETIC 
COMPATIBILITY (EMC) 
IMPROVEMENTS 
Primary attention is paid on the reduction of 
electromagnetic emission of the 
microcontroller P83CE654. 

The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 

• Two supply voltage pins (V001, V002) and 
four ground pins (VSS1 to VSS4) 

• Separate Voo pins for the internal logic and 
the port buffers 

BLOCK DIAGRAM 

FREQUENCY 
REFERENCE 
,-L----, 

XTAl2 XTAL1 

OSCILLATOR 
AND 

TIMING 

cPU 

INTERNAL 
INTERRUPTS 

IfmI mTI 
L-,---J 

EXTERNAL INTERRUPTS 
SHARED WITH PORT 3 
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PROGRAM 
MEMORY 

(16K.8 ROIl) 

CONTROL 

TEMPERATURE RANGE ·c FREQUENCY 
DRAWING NUMBER AND PACKAGE 

o to +70, Plastic Quad Flat Pack 

-40 to +85, Plastic Quad Flat Pack 

• Internal cfecoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 

• External capacitors are to be located as 
close as possible between pins VOD2 and 
VSS3 as well as VOD1 and Vss2; ceramic 
chip capacitors are recommended (l00nF). 

• The ALE output signal (pulses at a 
frequency of fosc/6) can be disabled under 
software control (bit 5 in the SFA PCON: 
"AFI"); if disabled, no ALE pulse will occur. 

MHz 

1.2 to 16 SOT311 

1.2 to 16 SOT311 

ALE pin will be pulled down internally, 
switching an external address latch to a 
quiet state. The MOVX instruction will still 
toggle ALE as a normal MOVX. ALE will 
retain its normal high value during Idle 
mode and a low value during Power-down 
mode while in the "AFI" reduction mode. 
Additionally during internal access (~ = 1) 
ALE will toggle normally when the address 
exceeds the internal program memory size. 
During external access (EA = 0) ALE will 
always toggle normally, whether the flag 
"RFI" is set or not. 

COUNTER INPUTS SHARED WITH PORT 3 

DATA 
MEMORY 

(256.8 RAM) 

PARALLEL PORTS, 
ADDRESS/DATA BUS 

AND 110 PINS 

1002 

,-L----, 
To T1 

~~~~~~~~~~~I 

r-~---L~ I 
TWO 16-8IT 

TIMER/EVENT 
COUNTERS 

PROG SERIAL PORT 
FULL DUPLEX UART 

SYNCHRONOUS SHIFT 

I SERIALIN SERIAL OUT 
! 

SHARED WITH 
PORT 3 

I 
I 
I 
I 
I 
I 
I 
I 

SDjSHARED 
WITH 

SCL PORH 
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PIN DESCRIPTIONS 

MNEMONIC PIN TYPE NAME AND FUNCTION 
NUMBER 

VSS1 , VSS2, 1S,28, I Ground: OV reference. All pins must be connected. 
VSS3, VSS4 39,S 

VOO1o VOD2 17,38 I Power Supply: This is the power supply voltage for normal, idle, and power-down operation. Both pins 
must be connected. 

PO 0-0.7 37-30 1/0 Port 0: Port 0 is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1 s written to them float and 
can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data bus 
during accesses to extemal program and data memory. In this application, it uses strong internal pull-ups 
when emitting 1 s. Port 0 can sink/source 8 LSTTL inputs. 

P1.O-Pl.7 40-44, 1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups, except P1.S and Pl.7 which are open 
1-3 drain. Port 1 pins that have 1 s written to them are pulled high by the internal pull-ups and can be used as 

inputs. As inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: IlL)' Port 1 also receives the low-order address byte during 
program memory verification. Alternate functions include: 

Pl.S 2 1/0 SCL: 12C-bus serial port clock line. 
P17 3 1/0 SDA: 12C-bus serial port data line. 

P2.O-P2.7 18-25 ilO Port 2: Port 2 is an S-bit bidirectional 1/0 port with internal pull-ups. Port 2 pins that have 1s written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 
externally being pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: lid. Port 2 emits the high-order address byte during fetches from extemal program 
memory and during accesses to external data memory that use lS-bit addresses (MOVX@DPTR). In this 
application, it uses strong internal pull-ups when emitting ls. During accesses to external data memory 
that use S-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.O-P3.7 5, 1/0 Port 3: Port 3 is an B-bit bidirectional 1/0 port with internal pull-ups. Port 3 pins that have 1s written to 
7-13 them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 

externally being pulled low will source current because of the pull-ups. (See DC Electrical Characteristics: 
lid. Port 3 also serves the special features of the SOC51 family, as listed below: 

5 I RxD (P3.0): Serial input port 
7 0 TxD (P3.1): Serial output port 
8 I IN11l (P3.2): External interrupt 0 or gate control input for timerlevent counter 0 
9 I rnTf (P3.3): External interrupt 1 or gate control input for timer/event counter 1 
10 I TO (P3_4): Timer 0 external input 
11 I T1 (P3.5): Timer 1 external input 
12 0 WIf (P3.6): External data memory write strobe 
13 0 llO (P3.7): External data memory read strobe 

RST 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor to Vss permits a power-on reset using only an external capacitor to VDD. 

ALE 27 1/0 Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation. ALE is emitted at a constant rate of liS the oscillator frequency, 
and can be used for external timing or clocking. Note that one ALE pulse is skipped during each access to 
external data memory. ALE can sink/sourse 8 LSTTL inputs. It can drive CMOS inputs without an external 
pull-up. To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register 
(PCON.5) must be set by software. This bit is cleared on RESET and can be cleared by software. When 
set, ALE pin will be pulled down internally, switching an external address latch to a quiet state. The MOVX 
instruction will still toggle ALE as a normal MOVX. ALE will retain its normal high value during Idle mode 
and a low value during Power-down mode while in the "RFI" mode. Additionally during internal access 
(Eli = 1) ALE will toggle normally when the address exceeds the internal program memory size. During 
external access (Eli = 0) ALE will always toggle normally, whether the flag "RFI" is set or not. 

PSrn 2S 0 Program Store Enable: The read strobe to external program memory. When the 8XCES54 is executing 
code from the external program memory, PSEIiJ is activated twice each machine cycle, except that two 
PSrn activations are skipped during each access to external data memory. PSEIiJ is not activated during 
fetches from internal program memory. PSEIiJ can sink/source 8 LSTIL inputs. 

Eli 29 I External Access Enable: when, during RESET, Eli is held at a TIL HIGH level the CPU executes out of 
the internal program ROM, provided the program counter is less than 16384. When Eli is held at a TIL 
LOW level during RESET, the CP U executes out of external program memory via Port 0 and Port 2. Eli is 
not allowed to float. 

XTAL1 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

XTAL2 14 0 Crystal 2: Output from the inverting oscillator amplifier. 
NOTE. 
To avoid "latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0.5V or Vss - O.5V, 
respectively. 
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ROM CODE PROTECTION 
(83CE654) 
The 83CE654 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (Le., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The MOVC instructions are the only 
instructions that have access to program 
code in the internal or extemal program 
memory. The EA input is latched during 
RESET and is "don't care" after RESET (also 
if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from extemal 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 

Table 1 lists the access to the intemal and 
external program memory by the MOVC 
instructions when the security bit has been 
set to a logical "1": 

OSCILLATOR 
CHARACTERISTICS 
XTAL 1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 100L 

To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the intemal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Yoo and RST must 

November 25, 1992 

come up at the same time for a proper 
start-up. 

Power-on Reset (See Figure 1.) 
When Yoo is turned on, and provided its 
rise-time does not exceed lams, an 
automatic reset can be obtained by 
connecting the RST pin to Voo via a 2.211F 
capacitor. When the power is switched on, 
the voltage on the RST pin is equal to Voo 
minus the capacitor voltage, and decreases 
from Voo as the capacitor charges through 
the intemal resistor (RRST) to ground. The 
larger the capacitor, the more slowly YRST 
decreases. YRST must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 

VOD---.-----------------, 

+ 
2.2"" 

VDD 

83CE654 
80CE654 

Figure 1. Power-on Reset 

Idle Mode 
In the idle mode, the CPU puts itself to sleep 
while all of Ihe on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction execuled in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts Ihe processor in the same manner as a 
power -on reset. 

1004 
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Power-Down Mode 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the ItO ports during low 
current operating modes. 

Power Control Register PCON 
These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. PCON 
is nol bit addressable. The resel value of 
PCON is (OxOxOooO). 

76543210 

~~r I SMOq -I RA I -I GF.jcFOI PDIIOLI 
Bit Symbol 

PCON.? SMOO 

PCON.6 -
PCON.5 RFI 

PCON.4 -
PCON.3 GFl 
PCON.2 GFO 
PCON.l PO 

PCON.O IOL 

NOTE: 

Function 
Double Baud rate bit. 
When set to logic 1 the 
baud rale is doubled when 
Timer 1 is used to 
generate baud rate, and 
the Serial Port is used in 
modes 1, 2 or 3. 
(reserved for tuture use') 
When set to logic 1 the 
toggling of ALE pin is 
prohibited. This bit is 
cleared on RESET. 
(reserved for future use') 
General purpose flag bit 
General purpose flag bit. 
Power-down bit. Setting 
this bit activates 
Power-down mode. 
Idle mode bit. Setting this 
bit activates the Idle 
mode. If 1 s are written to 
PD and IDLatthe same 
time, PD takes 
precedence. 

User software should not write 1 s to 
reserved bits. These bits may be used in 
future 80C51 family products to invoke 
new features. In that case, the reselor 
inactive value of the new bit will be 0, and 
its active value will be 1. The value read 
from a reserved bil is indeterminate. 
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Table 1. 
ACCESS TO INTERNAL 

PROGRAM MEMORY 

MOVC in internal program memory YES 

MOVC in external program memory NO 

NOTE: 
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ACCESS TO EXTERNAL 
PROGRAM MEMORY 

YES 

YES 

If the security bit has been set to a logical 0, there are no restrictions for the MOVC instructions. 

Table 2. External Pin Status During Idle and Power-Down Mode 

PROGRAM 
MODE MEMORY ALE 

Idle Internal 1 

Idle External 1 

Power-down Internal 0 

Power-down External 0 

Serial Control Register (SlCON) - See Table 3 

S,CON (DaHl I CR21 ENS'I STA I STO I SI I AA I CR' I ClIO I 

PSER PORTO 

1 Data 

1 Float 

0 Data 

0 Float 

PORT 1 PORT 2 

Data Data 

Data Address 

Data Data 

Data Data 

Bits CRD, CRl and CR2 determine the serial clock frequency that is generated in the master mode 01 operation. 

Table 3. Serial Clock Rates 

BIT FREQUENCY (kHz) AT lose 

CR2 CRl eRO 6MHz 12MHz 16MHz losc DIVIDED BY 

0 0 0 23 47 63 256 
0 0 1 27 54 71 224 
0 1 0 31 63 83 192 
0 1 1 37 75 100 160 
1 0 0 6.25 12.5 17 960 
1 0 1 50 100 133' 120 
1 1 0 100 200' 267' 60 
1 1 1 0.24 < 62.5 0.49 <62.5 0.65 < 55.6 96 X (256 - (reload value limer 1» 

PORT 3 

Data 

Data 

Data 

Data 

0<255 0<254 0<253 reload value range limer 1 (in mode 2) 

NOTES. 
1. These frequencies exceed the upper limit of 100kHz of the 12C·bus specification and cannot be used in an 12C-bus application. 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Voltage on Voo to V 88 

Voltage on any pin to V ss 

Storage temperarure range 

Power dissipation (based on package heat transfer limitations. not device 
power consumption) 1 

Operating ambient temperarure range 
FBB 

FFB 

NOTE: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent 

damage to the device. this is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. 

DEVICE SPECIFICATIONS 
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RATING UNIT 

-0.5 to +6.5 V 

--{l.5 to Voo..o.5 V 

--65 to +150 °c 
1 W 

Oto +70 °c 
--40 to +85 °c 

FREQUENCY 
SUPPLY VOLTAGE (V) (MHz) TEMPERATURE RANGE 

TYPE MIN. MAX. MIN. MAX. (oC) 

P83(0)CE654FBB 4.5 5.5 1.2 16 Oto +70 

P83(0)CE654FFB 4.5 5.5 1.2 16 --40 to +85 
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DC ELECTRICAL CHARACTERISTICS 
Voo = 5V (+10%) Vss = OV Tam, = O°C to +70°C or -40oC to +B5°C -

SYMBOL PARAMETER PART TYPE 

Vll Input low voltage. Oto +70oC 
except~, P1.6ISCL, Pl.7/SDA -40 to +BSoC 

Vll1 Input low voltage to ~ o to +70oC 
-40 to +BSoC 

VIl2 Input low voltage to Pl.6/SCL, Pl.7/SDA6 

VIH Input high voltage, except XTAL 1, RST, o to +70°C 
Pl.6/SCL, Pl.7/SDA -40 to +B5°C 

VIH1 Input high voltage, XTAL 1, RST o to +70oC 
-40 to +B5°C 

VIH2 Input high voltage, Pl.6/SCL, P1.7/SDA6 

VOL Output low voltage, ports 1,2, 3, 
exceptPl.6ISCL, Pl.7ISDA4·ALE, PSEN 

VOL1 Output low voltage, port 0, ALE, PSEN4 

VOL2 Output low voltage, Pl.6ISCL, Pl.7ISDA4 

VOH Output high voltage, ports 1,2,3, except Pl.6, 
Pl.?, ALE, PSEN 

VOH1 Output high voltage; 
port 0 in extemal bus mode5 

IlL Logical 0 input current, ports 1, 2, 3, Oto +70°C 
except P1.6/SCL, Pl.7ISDA -40 to +BSoc 

ITL LogicaI1-to-0 transition current, ports 1, 2, 3, o to +70°C 
except P 1.6ISCL, P1. 71SDA -40 to +BSoc 

ILil Input leakage current, port 0, ~ 

ILl2 Inp~t leakage current, Pl.6ISCL, Pl.7/SDA 

100 Power supply current: 

Activernode@16MHz"B 
Idle mode @ 16MHz2. B 

TEST 

CONDITIONS 

IOl = 1.6mA7 

IOL =3.2mA7 

IOL =3.0mA7 

IOH = --BOjlA; 
VOD = SV (± 10%) 

IOH = -25jlA 
IOH =-10jlA 

IOH = -800jlA; 
Voo = 5V (± 10%) 

IOH = -300jlA 
IOH =-80jlA 

Vi= O.45V 
Vi = 0.45V 

Vi= 2.0V 
Vi = 2.0V 

0.45V < Vi < Voo 

OV < Vj < S.SV 
OV < Voo < 5.SV 

Voo=S.5V 

Voo=5V± 10% 
Power down mode3 @2V < Vpo < VOOMAX 

RRST Internal reset pull-down resistor 

CIO Pin capacitance of 1/0 buffer Freq.=lMHz; 
Tarm = 2SoC 

NOTES: See Next Page. 
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UMITS 

MIN. MAX. UNIT 

-{l.5 0.2Vo~·1 V 
-{l.5 0.2Vo~·lS V 

-{l.5 0.2Vo~·3 V 
-{l.5 0.2Vo~·35 V 

-{l.5 0.3Voo V 

0.2Voo+0.9 Voo+0.5 V 
0.2Voo+1.0 Voo+0.5 V 

O·7Voo Voo+0.5 V 
0.7Voo+0.l Voo+O.S V 

O·7Voo 6.0 V 

0.45 V 

0.45 V 

0.4 V 

2.4 V 

0.7SVoo V 
0.9Voo V 

2.4 V 

0.75Voo V 
0.9VOO V 

-50 jlA 
-7S jlA 

--B50 jlA 
-750 jlA 

±10 jlA 

±10 jlA 

22 rnA 
6 mA 

50 jlA 

50 150 kil 

10 pF 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 
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1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t, = • = 5ns; VIL = Vss + O.5V; 
V1H = Voo-{).5V; XTAL2 not connected; Ell" = RST = Port 0 = Pl.6 ~ Pl.7 = Voo. 

2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, ~ ~ = 5ns; VIL = Vss + O.5V; 
V1H ~ Voo-{).5V; XTAL2 not connected; Port 0 ~ Pl.6 ~ Pl.7 ~ Voo; Ell" ~ RST = Vss· 

3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 ~ Pl.6 ~ Pl.7 ~ Voo; 
Ell" ~ XTAL 1 ~ RST ~ Vss. 

4. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VOLs of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-10-0 transitions during bus operations. In the 
worst cases (capacitive loading> l00pF), the noise pulse on the ALE pin may exceed O.SV In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

5. Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9VOD specification when the 
address bits are stabilizing. 

6. The input threshold voltage of Pl.6 and Pl.7 (SI01) meets the 12C specification, so an input voltage below 0.3Voo will be recognized as a 
logic 0 while an input voltage above O.7Voo will be recognized as a logic 1. 

7. Under steady state (non-transient) conditions,loL must be externally limited as follows: Maximum IOL ~ 10mA per port pin; Maximum 
IOL ~ 26mA total for Port 0; Maximum IOL ~ 15mA total for Ports I, 2, and 3; Maximum IOL ~ 71 mA total for all output pins. If IOL exceeds the 
test conditions, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 

8. looMAx for the BO/S3CE654 at the other frequencies can be derived from Figure I, where FREQ is the external oscillator frequency in MHz. 
IODMAX is given in rnA. 

40 

30 
MAXIMUM OPERATlNG MODE: 
VOO= MAX 

L 

..,.V 
V 

100 (mA) 20 

10 
V 

Vi""" 

.... """ - MAXIMUM IDLE MODE: 
Voo= MAX -

o 
o 12 16 

'XTAlI (MHz) 

VAllO ONLY WITHIN FREQUENCY SPECIACATlONS OF DEVICE UNDER TEST. 

Figure 1. 100 vs. Frequency 
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AC ELECTRICAL CHARACTERISTICS1, 2 

SYMBOL FIGURE PARAMETER 

1IlcLCL 2 Oscillator frequency 

tLHLL 2 ALE pulse width 

IAVLL 2 Address valid to ALE low 

ILLAX 2 Address hold after ALE low 

lLuv 2 ALE low to valid instruction in 

tLLPL 2 ALE low to PSEN low 

lpLPH 2 PSEN pulse width 

lpuv 2 PSEN low to valid instruction in 

lpXIX 2 Input instruction hold after PSEN 

lpXIZ 2 Input instruction float after PSEN 

tAVIV 2 Address to valid instruction in 

lpLAZ 2 PSEN low to address float 

Data Memory 

IAVLL 3,4 Address valid to ALE low 

tRLRH 3,4 RU pulse width 

tWLWH 3,4 WR pulse width 

tRLDV 3,4 RO low to valid data in 

tRHDX 3,4 Data hold after RO 

tRHOZ 3,4 Data float after RO 

ILLDV 3,4 ALE low to valid data in 

tAvOV 3,4 Address to valid data in 

tLLWL 3,4 ALE low to RO or WR low 

IAVWL 3,4 Address valid to WR low or RIT low 

tavwx 3,4 Data valid to WR transition 

tow 3,4 Data setup time before WR 

tWHox 3,4 Data hold after WR 

tRLAZ 3,4 RO low to address float 

tWHLH 3,4 RO or WR high to ALE high 

Shift Register3 

txLXL 5 Serial port clock cycle time 

taVXH 5 Output data setup to clock rising edge 

tXHOX 5 Output data hold after clock rising edge 

tXHOX 5 Input data hold after clock rising edge 

tXHOV 5 Clock rising edge to input data valid 

External Clock 

IcHCX 6 High time 

IclCX 6 Low time 

IcLCH 6 Rise time 

tcHCl 6 Fall time 

NOTES: 

16MHzCLOCK 

MIN MAX 

85 

8 

28 

150 

23 

143 

83 

0 

38 

208 

10 

8 

275 

275 

148 

0 

55 

350 

398 

138 238 

120 

3 

288 

13 

0 

23 103 

0.75 

492 

80 

0 

492 

20 

20 

20 

20 

1. Parameters are valid over operating temperature range unless otherwise specified. 
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VARIABLE CLOCK 

MIN MAX UNIT 

1.2 16 MHz 

2tcLCL-40 ns 

IcLcL-55 ns 

IcLCL-35 ns 

4IcLcL-l00 ns 

IcLcL-40 ns 

3IcLCL-45 ns 

31cLcL-l05 ns 

0 ns 

IcLcL-25 ns 

51cLCL-l05 ns 

10 ns 

IcLCL-55 ns 

6IcLCL-l00 ns 

6IcLCL-l00 ns 

5IcLCL-I65 ns 

0 ns 

2tcLcL-70 ns 

8IcLcL-I50 ns 

9IcLCL-I65 ns 

3IcLCL-{i0 3IcLCL+50 ns 

4IcLCL-I30 ns 

IcLCL-60 ns 

7IcLCL-150 ns 

IcLcL-60 ns 

0 ns 

IcLCL-40 IcLCl+40 ns 

12tclCL I1s 

1 OIcLCL -133 ns 

2tcLCL-l17 ns 

0 ns 

1 OIcLCl -133 ns 

20 IclCL-lLow ns 

20 IclCl -IHIGH ns 

20 ns 

20 ns 

2. Load capacitance for port 0, ALE, and PSrn = 100pF, load capacitance for all other outputs = BOpF. 
3. Test condition: Tarrll = OoC to +70C; VOD = 5V + 10%; Vss = OV; load capacitance = 80pF. 
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE 

SYMBOL PARAMETER 

SCl TIMING CHARACTERISTICS 

lHo; STA START condition hold time 

It.ow SCllOWtime 

!HIGH SCl HIGH time 

tAC SClrisetime 

!Fc SCl fall time 

SDA TIMING CHARACTERISTICS 

Isu; DATl Data set-up time 

Isu; DAT2 SDA set-up time (before rep. START cond.) 

Isu; DAT3 SDA set-up time (before STOP cond.) 

lHo; OAT Data hold time 

tsu;STA Repeated START set-up time 

Isu; STO STOP condition set-up time 

taUF Bus free time 

tAD SDArisetime 

tFO SDA fall time 

NOTES: 

INPUT 

;;:: 14 tcLCL 

;;:: 16 tcLcL 

;;:: 14 lcLcL 

!> lJ.LS 

!>0.3J.LS 

;;::250ns 

;;::250ns 

;;:: 250ns 

;;::Ons 

;;:: 14 tcLCL 

;;:: 14 lcLcL 

;;:: 14 tclCl 

!> l"s 

!>0.3J.LS 

1. At 100 kbitls. At other bit rates this value is inversely proportional to the bit-rate of 100 kbitls. 
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OUTPUT 

>4.0J.LS1 

>4.7J.LS1 

>4.0"Sl 

- 2 

<0.3J.LS3 

> 20 tcLCL - tAD 

> lJ.LS1 

> 8 tcLCl 

> 8 tcLCL -!Fc 

>4.7J.LS1 

> 4.0J.LS1 

>4.7J.LS1 

_2 

<0.3J.LS3 

2. Determined by the extemal bus-line capacitance and the extemal bus-line pull-resistor, this must be < IlLS. 
3. Spikes on the SDA and SCl lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 

SCl=400pF. 
4. tclCL = 11fose = one oscillator dock period at pin XTAL 1. For 62ns < tCLCL < 285ns (16MHz > fose > 3.5MHz) the 5101 interface meets the 

12C-bus specification for bit-rates up to 100 kbitls. 

TIMING 5101 (12C) INTERFACE 

SCl 
(INPUT/OUTPUT) 

-+--+I'---.Ji 

'HD:STA 'Low IfIGH 

Oscillator Circuitry 
The capacitors connected to the crystal 
should be: C 1 = C2 = 2OpF. 

November 25, 1992 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characlers. The 
firsl characler is always 'I' (~ time). The other 
characlers, depending on Iheir posilions, 
indicale the name of a signal or the logical 
slatus of Ihal signal. The designations are: 
A - Address 
C - Clock 

a - Outpul dala 
R - "FlIT signal 
I - lime 
V - Valid 
W- WRsignal 
X - No longer a valid logic level 
Z - Float 

D - Inpul data 
H - Logic level high 

Examples: IAVll ~ lime for address valid 
to ALE low. 

I - Instruction (program memory conlents) 
L - Logic level low, or ALE 

ILlPl ~ lime for ALE low 
10 PS"EN low. 

P - PS"EN 

ALE 

PORTO 

PORT 2 

Figure 2. External Program Memory Read Cycle 

ALE 

tWHLH 

~----tLLDV -----l·~1 
tLLWL --+!.----tRLRH ----.I 

PORTO 

PORT 2 P2.0-P2.7 OR AS-A 15 FROM OPH 

Figure 3. External Dala Memory Read Cycle 
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AIJ-A7 

AB-A1S 

INSTRIN 

A8--A15 FROM PCH 
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ALE 

" 

-tLLWL tWLWH 

WR 

tLLAX 
tAVLL i4---. tavwx ---

tow 

PORTO ~ FROMA:;~~ OPL X OATAOUT 

--- tAVWL -----

PORT 2 )< P2.0-P2.7 OR AS-A15 FROM DPH 

I--tWHLH -

I- tWHQX 

K 

Figure 4. External Data Memory Write Cycle 

INSTRUCTION 0 

ALE 

r- tXLXL -1 
CLOCK 

I -+11- tXHQX 

taVXH ----II 
OUTPUTOATA 

I t I 

WRITE TO SBUF 

INPUTOATA 

~' 
CLEAR RI 

Figure 5. Shift Register Mode Timing 
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V 

AD-A7 FROM PCL INSTRIN 

A8-A15 FROM PCH 

X 7 
t 

SETTI 

t 
SETRI 
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vo~ - - - - 'U.-7V-O-O-'" 

OASV 0.2Vo1)-O.1 "---'" 

Figure 6. External Clock Drive 

UV~~ov V- -{:"'~--FLOAT --~jr-" 

0:: -Y-::v-v------~-<8L O.45V ~...;o;;;;.8;.;.v ______ /,,----

NOTE: 
/JC INPUTS DURING TESTING ARE DRIVEN AT 2.4V FOR A LOGIC .,. AND 0.45V 
FOR A LOGIC '0'. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC .,. 
AND O.BV FOR A LOGIC "0'. 

NOTE: 
THE FLOAT STATE IS DEFINED AS THE POINT AT WHICH A PORT 0 PIN SINKS 
3.2MA OR SOURCES 400pS AT THE VOLTAGE TEST LEVELS. 

Figure 7. AC Testing Input/Output Figure 8. Float Waveform 

November 25, 1992 

Vol)-O.5 - - - - r-0.~7V~DD~ 

OA5V D.2VDI)-O.1 "---" 

Figure 9. Clock Signal Waveform for IDD Tests in Active and Idle Modes 
IcLCH = IcHCL = 5ns 

Purchase of PhilipS' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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DESCRIPTION 
The Philips 83C750/87C750 offers the 
advantages of the BOC51 arch itecture in a 
small package and at low cost. 

The B7C750 Microcontroller is fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

The 87C750 contains a 1 k x 8 EPROM, a 64 
x 8 RAM, 191/0 lines, a 16-bit auto-reload 
counter/timer, a five-source, fixed-priority 
level interrupt structure and an on-chip 
oscillator. 

ORDERING INFORMATION 

FEATURES 
• BOC51 based architecture 

• Small package sizes 

- 24-pin DIP (300 mil "skinny DIP") 

- 2B-pin PLCC 

• 87C750 available in erasable quartz lid or 
one-time programmable plastic packages 

• Wide oscillator frequency range 

• Low power consumption: 

- Normal operation: less than 11mA@5V, 
12MHz 

- Idle mode 

- Power-down mode 

• 1 k x B EPROM (87C750) 

• 64xB RAM 

• 16-bit auto reloadable counter/timer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 

• LED drive outputs 

EPROM TEMPERATURE RANGE °C AND PACKAGE 1 

P87C750EBF FA o to +70, Ceramic Dual In-line Package, UV 

P87C750EFF FA -40 to +85, Ceramic Dual In-line Package, UV 

P87C750EB PN o to +70, Plastic Dual In-line Package, OTP 

P87C750EF PN -40 to +85, Plastic Dual In-line Package, OTP 

P87C750EB AA o to +70, Plastic Lead Chip Carrier, OTP 

P87C750EF AA -40 to +85, Plastic Lead Chip Carrier, OTP 

NOTE: 
1. OTP = One Time Progrmmable EPROM. UV = UV Erasable EPROM. 
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PIN CONFIGURATIONS 

P3.41A4 1 Vcc 

P3.5/AS 

P3.21A21A10 3 P3.61A6 

P3.1/A1/A9 4 Pl.7fA7 

P3.ofAOIAS 5 Pl.7IT01D1 

P1.611RTi1D6 

PO.1 
OE-PGM 

7 P1.5nRT01D5 

Pl.41D4 

Pl.3/03 

X2 Pl.21D2 

X1 P1.1/01 

Vss Pl.0fDO 

26 

25 

11 " 
12 1. 

Pin Function Pin Function 

1 P3.4/A4 15 Pl.0/00 
P3.31A3 16 Pl.1tDl 
P321A21Al0 17 Pl.2ID2 

4 P3.1/Al/A9 18 Pl.3ID3 
5 N.C. 19 P1.4I04 

P3.0/AO/AB 20 Pl.5111'/T1j/D5 
P02IVpp 21 N.C. 
PO,1/S/0E·PGM 22 N.C. 

" PO.O/S/ASEL 23 Pl.6ilNIT/D6 
10 N.C. 24 P1.71T0ID7 
11 RST 25 P3.7/A7 
12 X2 26 P3.61A6 
13 Xl 27 P3.51A5 
14 Vss 28 Vee 

FREQUENCY DRAWING NUMBER 

3.5 to 16MHz 0586B 

3.5 to 16MHz 0586B 

3.5 to 16MHz 0410D 

3.5 to 16MHz 0410D 

3.5 to 16MHz 0401F 

3.5 to 16MHz 0401F 

853-1683 08555 
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BLOCK DIAGRAM 

PO.0-I'0.2 

,------------------- ---------------------, 
I .---~:....-, I 
I I 

~ I 
vssl 

D 
- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~a: 

TCON 

IE 
THO TLO 
RTH RTL 

INTERRUPT, SERIAL 
PORT AND nUER BLOCKS 

RST n::~ g~~============~====~========~====~====~====~==~ 
CONTROL e: g 

~a:: 

Pl.Il-P1.7 Pl.D-Pl.7 
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PIN DESCRIPTIONS 

PIN NO. 

MNEMONIC DIP LCC TYPE NAME AND FUNCTION 

Vss 12 14 I Circuit Ground Potential 

Vee 24 28 I Supply voltage during normal, idle, and power-down operation. 

PO.O-PO.2 8-6 9-7 I/O Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have Is written to them floa~ 
and in that state can be used as high-impedance inputs. These pins are driven low if the port 
register bit is written with a O. The state of the pin can always be read from the port register by the 
program. 

PO.O and PO. 1 are open drain bidirectional 110 pins with the electrical characteristics listed in the 
tables that follow. While these differ from 'standard TIL' characteristics, they are close enough for 
the pins to still be used as general-purpose 110. Port 0 also provides alternate functions for 
programming the EPROM memory as follows: 

6 7 N/A Vpp (PO.2) - Programming voltage input. 
7 8 I OElPGM (PO,I) -Input which specifies verify mode (output enable) or the program mode. 

OElPGM = 1 output enabled (verify mode). 
OE/PGM = 0 program mode. 

8 9 I ASEL (PO.O) -Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 

Pl.O-P1.7 13-20 15-20, I/O Port I: Port 1 is an 8-bit bidirectionalI/O port with internal pull-ups. Port 1 pins that have 1 s written 
23,24 to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 

that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the BOC51 family as listed below: 

18 20 I INTII (PI.5): External interrupt. 
19 23 I INTf (PI.6): External interrupt. 
20 24 I TO (PI.7): TImer 0 external input. 

P3.O-P3.7 5-1, 4-1,6, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins thai have Is written 
23-21 27-25 to them are pulled high by the internal pull-ups and can be used as inputs. As inputs. port 3 pins 

that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IILl. Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 10·bit address is multiplexed into this port as specified by 
PO.O/ASEL. 

RST 9 11 I Reset: A high on this pin for two machine cycles while the oscillator is running. resets the device. 
An internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to 
Vee· After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
XI input. 

XI 11 13 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
XI also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming stale. 

X2 10 12 0 Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 
CHARACTERISTICS 
Xl and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 

To drive the device from an extemal clock 
source, Xl should be driven while X2 is lell 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to !he internal clock 
circuitry is !hrough a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in !he data sheet must be 
observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-<:hip periphemls stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during !his mode. The idle mode 
can be terminated either by any enabled 

ABSOLUTE MAXIMUM RATINGS1, 2 

interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power~n reset. 

POWER-DOWN MODE 
In the power.oown mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. !he 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1. 

MODE 

Idle 
Power.oown 

External Pin Status 
During Idle and 
Power-Down Modes 

PortO Port 1 Port 2 

Data Data Data 
Data Data Data 

DIFFERENCES BETWEEN THE 
8XC750 AND THE 80C51 

Program Memory 
On the 8XC75O, progmm memory is 1024 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in progmm memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 

PARAMETER 

Stomge tempemture mnge 

Voltage from Vee to Vss 

Voltage from any pin to Vss (except Vpp) 

Power dissipation 

Voltage on Vpp pin to Vss 

Maximum IOL per 110 pin 

NOTES: 
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Program Memory 
Event 
Reset 
External TIiITO" 
Counter/limer 0 
External TNTI 
Timer I 

Address 
000 
003 
OOB 
013 
01B 

CounterfTimer Subsystem 
The 87C750 has one counterllimer called 
timer/counter O. Its operation is similar to 
mode 2 operation on !he 80C51, but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 

Interrupt Subsystem - Fixed 
Priority 
The IP register and the 2-level interrupt 
system of the BOC51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 

Highest priority: Pin TIiITO" 
Counter/timer flag 0 
Pin TNTI 

Lowest priority: Timer I 

Special Function Register 
Addresses 
Special function registers for the 8XC75O are 
identical to those of the BOC51 , except for the 
changes listed below: 

BOC51 special function registers not present 
in the 8XC75O are TMOD (89), P2 (AO) and 
IP (B8). The BOC51 registers THI and TL1 
are replaced with the 87C750 registers RTH 
and RTL respectively. 

RATING UNIT 

...05 to +150 "C 

-{l.5 to +6.5 V 

-{l.5 to Vee + 0.5 V 

1.0 W 

o to +13.0 V 

10 rnA 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress mting only and 
functional GEeration of !he device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
01 !his speCIfication is not implied. 

2. This product includes circuitry specifically designed lor the protection 01 its internal devices Irom !he damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
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DC ELECTRICAL CHARACTERISTICS 
T rm - ODC to +70°C or -40°C to +85°C Vee - 5V ±10% for 87C750 Vss _ OVl a -

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS IIIN MAX UNIT 

Vil Input low voltage -{l.5 0.2Voo-O.l V 

VIH Input high Voltage. except Xl. RST 0.2Vee+0.9 Vee+O·5 V 

VIH1 Input high Voltage. Xl. RST O·7Vee Vee+O·5 V 

VOL Output low voltage. ports 1 and 3 IOL = 1.6mA2 0.45 V 

VOLl Output low voltage. port 0 IOl=3.2mA2 0.45 V 

VOf-l Output high voltage. ports 1 and 3 IOH =-60jJA 2.4 V 

IOH =-25jJA 0.75Vee V 
IOH --10jJA 0.9Vee V 

C Capacitance 10 pF 

IlL Logical 0 input current. ports 1 and 3 VIN -0.45V -50 !lA 
ITL Logical 1 to 0 transition current. ports 1 and 33 VIN = 2V (0 to lOC) -650 !lA 

VIN = 2V (-40 to +85C) -750 !lA 
III I nput leakage current. port 0 0.45 < VIN < Vee ±10 !lA 
RRST Internal pull-down resistor 25 175 kn 

CIO Pin capacitance 
Test freq = 1 MHz. 10 pF 

Tarm = 250C 

Ipo Power-down current" Vee = 2 to Vee max 50 !lA 
Vss =OV 

Vpp V pp program voltage Vee = 5V±10% 12.5 13.0 V 
Tarm - 21DC to 27°C 

Ipp Program current Vpp = 13.0V 50 rnA 

lee Supply current (see Rgure 3)5,6 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 
2. Under steady state (non-transientl conditions. IOl must be externally limited as follows: 

Maximum IOl per port pin: lOrnA (NOTE: This is 85°C spec.) 
Maximum IOl per B-bit port: 26mA 
Maximum total IQ~ for all outputs: 67mA 

If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 

3. Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to O. The transition current reaches its 
maximum value when VIN is approximately 2V, 

4. Power-down lee is measured with all output pins disconnected; portO = Vcc; X2, Xl n.c.; RST = Vss. 
5. Active lee is measured with all output pins disconnected; Xl driven with feLCH. feHCl - 5ns. VII. = Vss + 0.5V, VIH - Vee - 0.5V; X2 n.c.; 

RST = port 0 = Vcc. Icc will be slighUy higher ff a crystal oscillator is used. 
6. Idle Icc is measured with all output pins disconnected; Xl driven with felCH. feHCl = 5ns, Vil = Vss + 0.5V. VIH = Vee -0.5V; X2 n.c.; 

port 0 = Vee; RST = VSS. 

AC ELECTRICAL CHARACTERISTICS 
Tarm = O°C to +70DC or -40°C to +8SO C Vcc = SV +10% for 87C750 Vss = OV1, 2 -

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT 

lltclCL Oscillator frequency: 3.5 16 MHz 

External Clock (Figure 1) 

feHCX High time 20 20 ns 

felCX Low time 20 20 ns 

felCH Rise time 20 20 ns 

feHCl Fall time 20 20 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 
2. Load capacitance for ports = 80pE 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The H - Logic level high 
first character is always 'r (= time). The other L - Logic level low 
characters, depending on their positions, Q - Output data 
indicate the name of a signal or the logical T - Time 
status of that signal. The designations are: V - Valid 
C - Clock X - No longer a valid logic level 
D - Input data Z - Float 

vcc~·S -- - - -,.-----.... 

O.45V 

0.2 vcc +0.9 

O.2VCC- 0.1 
IcHCH 

tCLcH 

1------IcLCL -----~ 

Figure 1. External Clock Drive 

Figure 2. AC Testing InpulfOutput 

22 

20 

18 l-
MAX ACTIVE ICCS 

16 

14 

ICC (mA) 
12 

10 

I 

/ 
/ 

/ /' 
/ / 

TVP ACTIVE ICCS 

L /.-
/ ./ - MAX IDLE Icc6 

,/ ----.- - TYP IDLE ICC6 

- - -
4MHz BMHz 12MHz 16MHz 

FREQ 

Figure 3. Icc vs. FREC 
Maximum Icc values taken at V cc max and worst case temperature. 

Typical Icc values taken at Vcc = 5.0V and 25'C. 
Notes 5 and 6 refer to DC Electrical Characteristics. 

December 21, 1992 1019 

Product specification 

87C750 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 

PROGRAMMING 
CONSIDERATIONS 

EPROM Characteristics 
The 87C750 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used lor devices such as the 
87C451 and 87C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C750 in the programming mode. 

Figure 4 shows a block diagram 01 the 
programming configuration lor the 87C750. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO. 1 is used as the program (PGMf) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input lor the 
byte to be programmed and accepts both the 
high and low components 01 the eleven bit 
address. Multiplexing 01 these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. the high 
address should remain on port 3 lor at least 
two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL 1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C750 into 
various programming modes. This patlern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XI. 

Programming Operation 
Figures 5 and 6 show the timing diagrams lor 
the programlverify cycle. RESET should 
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initially be held high lor at least two machine 
cycles. PO. 1 (PGMI) and PO.2 (Vpp) will be at 
VOH as a result 01 the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 1/0 ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V1H). 
The RESET pin may now be used as the 
serial data input lor the data stream which 
places the 87C750 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information lor the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port t as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series 01 programming pulses 
applied to the PGMI pin (PO. 1 ). These pulses 
are created by driving PO. 1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. Althe 
conclusion of the last pulse, the PGM! signal 
should remain high. 

The Vpp signal may now be driven to the VOH 
level, placing the 87C750 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs 01 the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port 1 and 
issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc 
level and verifying the byte. 

Programming Modes 
The 87C750 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO. 1 and 

1020 

Product specification 

87C750 

PO.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 
The 87C750 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR'ed with one of the 
bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups. the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 

Security Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 

EPROM is inhibited. 

2. Additional programming of the encryption 
key is inhibited. 

3. Verification 01 the encryption key is 
inhibited. 

4. Verification 01 the USER EPROM and the 
security bit levels may still be performed. 

(II the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may still be verified. 
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Programming and Verifying 
Security Bits 
Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C750 on ports 1 and 3. 

Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 

Ports 1. 7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Ukewise, Pl.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 
Erasure of the EPROM begins 10 occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 

Table 2. Implementing ProgramNerlfy Modes 

OPERATION 

Program user EPROM 
Verify user EPROM 
Program key EPROM 
Verify key EPROM 
Program security bit 1 
Program security bit 2 
Verify security bits 

NOTE: 
3 .• Pulsed from V1H to V1L and returned to VIH. 

EPROM PROGRAMMING AND VERIFICATION 
Tamb = 21DC to +27DC, Vee = 5V ±10%, Vss =ov 

SYMBOL PARAMETER 

1/lcLcL Oscillator/clock frequency 

SERIAL CODE 

296H 
296H 
292H 
292H 
29AH 
29BH 
29AH 

MIN 

1.2 
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erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flouriess 
part number 2345-5 or equivalent 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000I'W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 

PO.l (PGMI) PO.2 (Vpp) 

-' Vpp 
V1H V1H 
-' Vpp 

VIH V1H 
-' Vpp 
-' Vpp 
V1H V1H 

MAX UNIT 

6 MHz 

tAVGL 
, 

Address setup to PO. 1 (PROG-) low IOl's + 24tcLCL 

f(,HAX 

IovGL 

tOVGL 

f(,HOX 

tSHGL 

f(,HSL 

f(,LGH 

tAvav " 

f(,HGL 

tSYNL 

tSYNH 

tMABEL 

tMAHLO 

tHASET 

tAosTA 
NOTES: 
4. ' 
5 .•• 

Address hold after PO. 1 (PROG-) high 4BtcLCL 

Data setup to PO. 1 (PROG-) low 38lcLcL 

Data setup to PO. 1 (PROG-) low 38tcLCL 

Data hold after PO. 1 (PROG-) high 36lcLcL 

Vpp setup to PO. 1 (PROG-) low 10 

Vpp hold after PO.l (PROG-) 10 

PO. 1 (PROG-) width 90 

Vpp low (Vee) to data valid 

PO. 1 (PROG-) high to PO. 1 (PROG-) low 10 

PO.O (sync pulse) low 4tcLcL 

PO.O (sync pulse) high BlcLcL 

ASEL high time 13tcLCL 

Address hold ti me 2lcLcL 

Address setup to ASEL 13tcLCL 

Low address to valid data 

Address should be valid at least 24tcLCL before the rising edge of PO.2 (Vpp). 
For a pure verify mode, i.e., no program mode in between, tAvav is 14tcLCL maximum. 
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PROGRAMIliNG 
PULSES 

VPpiVlH VOLTAGE 
SOURCE 

CLKSOURCE 

A 

AO-A9 

DDRESS STROBE 

Lr RESET I 
CONTROL 

I LOGIC 

81Cl50 

P3.1>-P3.1 Vee 

PO.OIASEL Vss 

1'0.1 

1'0.2 
P1.D-1'1.7 

XTAL1 

RESET 

Figure 4. Programming Configuration 

XTAL1 ~ 
MIN 2 MACIIINE 
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+5V 

J-

DATA BUS 

I_ CYCLES II. TEN BIT SERIAL CODE .1 
RESET 

PO.2 UNDER NED I 

1'0.1 UNDER NED I 
Figure 5. Entry Into ProgramNerify Modes 

12.75V 

PO.2(Vpp) ~5~V __________________ ~/ 

~ r- tslKlL 

2SPULSES 

I I 
PO.1 (PCI.l) L~~---------

I ... ·r---.. ·I'MABEL IGLGH H -1 r- 'GIKlL 

1'0.0 (ASEL) 
~~ ~~ _____________________ U __ ~_III __ N ______ '0_~._Ml __ N __________________________________ __ 

~Ef ·1 ·IIHAHLD 
PORT 3 ===:x IIGH ADDRESS X LOW ADDRESS 

H tADSTA 

----------------~~ 
PORT 1 INVAUDDATA 

H tDVGL tGHDxl" .. I .. 
DATA TO BE PROGRAMMED 

'AVQV---! 
;------

INVAUDDATA VAUDDATA 

I 1<0f-------- VERIFY MODE ---------;1*1 •• -- PROGRAM MODE -_.1+1_0------ VERIFY MODE -----;·~I 

Figure 6. ProgramNerify Cycle 
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80C51 Family Derivatives 

8XC751 OVERVIEW 
The Signetics 83C751/87C751 offers the 
advantages of the SC80C51 architecture in a 
small package and at a low cost. This 
microcontroller is fabricated with Philips 
Semiconductors high-density CMOS 
technology. Signetics epitaxial substrate 
minimizes CMOS latch-up sensitivity. The 
83C751/87C751 (hereafter referred to 
collectively as the 83C751) contains a 2k x 8 
ROM/EPROM, a 64 x 8 RAM, 19 I/O lines, a 
16-bit auto-reload counter/timer, a fixed rate 
timer, a five source fixed priority interrupt 
structure, a bidirectional Inter-Integrated 
Circuit (12C) serial bus interface, and an 
on-chip oscillator. The onboard 
inter-integrated circuit (12C) bus interface 
allows the 83C751 to operate as a master or 
slave device on the 12C small area network. 
This capability facilitates I/O and RAM 
expansion, access to EPROM, processor to 
processor communication, and efficient 
interface to a wide variety of dedicated 12C 
peripherals. The 83C751 has the following 
features: 

• SC80C51 based architecture 

• Boolean processor 

• Inter-integrated Circuit (12C) serial bus 
interface 

• Fixed-rate timer 

• 16-bit auto reloadable counterltimer 

• Small package sizes 

- 24-pin DIP (300 mil "skinny DIP") 

- 28-pin PLCC 

• 2k x 8 ROM/EPROM 

• Available in erasable quartz lid (87C751), 
one-time programmable (87C751), or mask 
programmable versions (83C751) 

• Wide oscillator frequency range 

• low power consumption: 

- Normal operation: less than 11 rnA @ 5V, 
12MHz 

• Idle mode 

• Power-down mode 

• CMOS and TTL compatible 

This part is well suited for logic replacement 
in consumer and industrial applications. 

Differences from the 80C51 

Instruction Set 
PLEASE NOTE: The instruction set of the 
83C751 is identical to the 80C51 except for 
the instructions: MOVX, LCAll, and LJUMP, 
which are not implemented. Care must be 
taken not to use any of these instructions in a 
user program, especially when using a high 
level language such as C. 

Memory Organization 
The central processing unit (CPU) 
manipulates operands in two address spaces 
as shown in Figure 1. The part's internal 
memory space consists of 2k bytes of 
program memory, and 64 bytes of data RAM 
overlapped with the 128-byte special function 
register area. The differences from the 80CS1 
are in RAM size (64 bytes vs. 128 bytes), in 
external RAM access (not available on the 
83C751), in internal ROM size (2k bytes vs. 
4k bytes), and in external program memory 
expansion (not available on the 83C751). The 
128-byte special function register (SFR) 
space is accessed as on the 80C51 with 
some of the registers having been changed to 
reffect changes in the 83C751 peripheral 
functions. The stack may be located 
anywhere in internal RAM by loading the 8-bit 
stack pointer (SP). It should be noted that 
stack depth is limited to 64 bytes, the amount 
of available RAM. A reset loads the stack 
pointer with 07 (which is pre-incremented on 
a PUSH instruction). 

(FFH) 255 

(SOH) 128 

(3FH) 63 

(OOH) 0 
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Special Function Registers 
The 83C751 contains many of the special 
function registers (SFR) that are found on the 
BOC51. Due to the different peripheral 
features on the 83C7S1, there are several 
additional SFRs and several that have been 
changed. There is no port 2 on the 83C7S1 
so the P2 SFR isn't used. The standard 
UART found on the BOCSI has been replaced 
by the 12C serial interface, so the UART 
SFRs, SCON, and SBUF have been replaced 
by 12CON and i2DAT, and two additional12C 
registers have been added (12STA and 
12CFG). 

Because the interrupt structure is single level 
on the 83C751, there is no need for the IP 
SFR, so it is not used. The counterltimer has 
only one mode of operation, so the TMOD 
SFR is not used. There is also only one 
counterltimer, so there is no need for the TL 1 
and TH1 SFRs found on the BOCS1. These 
have been replaced on the 83C751 by RTl 
and RTH, the counterltimer reload registers. 
Table 1 shows the special function registers, 
their locations, and reset values. 

Data Pointer (DPTR) 
The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). In the 
BOC51 this register allows the access of 
external data memory using the MOVX 
instruction. Since the 83C751 does not 
support MOVX or external memory accesses, 
this register is generally used as a IS-bit 
offset pointer of the accumulator in a MOVe 
instruction. DPTR may also be manipulated 
as two independent 8-bit registers. 

110 Port Latches (PO, P1, P3) 
The port latches function the same as those 
on the BOC51. Since there is no port 2 on the 
83C751, the P2 latch is not used. Port 0 on 
the 83C75'j has only 3 bits, so only 3 bits of 
the PO SFR have a useful function. 
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Table 1. 8XC751 Special Function Registers 

SYMBOL DESCRIPTION DIRECT BIT ADDRESS, SYMBOl, OR ALTERNATIVE PORT FUNCTION RESET 
ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 El EO OOH 

B' B register FOH F7 F6 F5 F4 F3 F2 Fl FO OOH 

DPTR: Data pointer 
(2 bytes) 

DPH High by1e 83H OOH 
DPL Low byte 82H OOH 

DF DE DD DC DB DA D9 OS 

12CFG'# 12C configuration D8H/RD SLAVEN I MASTRQ I 0 I TIRUN I - I - I CTl I CTO OOOOxxOOB 

WR SLAVEN I MASTRQ I CLRTI I TIRUN I - I - I cn I CTO 

9F 9E 9D 9C 9B 9A 99 98 

12CON'# 12Ccontrol 98H/RD RDAT I ATN I DRDY I ARL I STR 1 STP I MASTER I - 81H 

WR CXA I IDLE I CDR I CARL I CSTR I CSTP I XSTR I XSTP 

12DAT"# 12C data 99H/RD RDAT I 0 I 0 I 0 I 0 I 0 I 0 I 0 80H 

WR XDAT I X I X I X I X I X I X I X 

FF FE FD FC FB FA F9 F8 

12STA'# 12C control F8H - I IDLE I XDATA I XACTV I MAKSTR I MAKSTP I xsm I XSTP xOl00000B 

AF AE AD AC AB AA A9 AS 

IE'# Interrupt enable ASH EA I - I - I EI2 I ETI I EXl I ETO L EXO OOH 

82 81 80 

PO'# PortO 80H - I - I - I - I - I - I SDA I SCL xxxxxlllB 

97 96 95 94 93 92 91 90 

Pl' Port 1 90H TO Irrmlmol - I - I - I - I - FFH 

P3' Port3 BOH B7 I B6 I B5 I B4 I B3 I B2 I 81 I BO FFH 

PCON# Power control 87H - I - I - I - I - I - I PD I IDL xxxxxxOOB 

D7 D6 D5 D4 D3 D2 Dl DO 

PSW" Program status word DOH CY 1 AC I FO I RSl I RSO I ov I - I P OOH 

SP Stack pointer 81H 07H 

8F 8E 8D 8C 8B SA 89 88 

TCON'# Timer/counter control 88H GATE I crr I TF 1 m I lEO I ITO I IEl I In OOH 

TL# Timer low byte 8AH OOH 

TH# Timer high byte 8CH OOH 

RTL# Timer low reload 8BH OOH 

RTH# Timer high reload 8DH OOH . SFRs are bit addressable . 
# SFRs are modified from or added to the 8OC51 SFRs. 
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110 Port Structure 
The 8XC751 has two 6-bit ports (ports 1 
and 3) and one 3-bit port (port 0). All three 
ports on the BXC751 are bidirectional. Each 
consists of a latch (special function register 
PO, PI, P3), an output driver, and an input 
buffer. Three port 1 pins and two port 0 pins 
are multifunctional. In addition to being port 
pins, these pins serve the function of special 
features as follows: 

Port Pin 
PO.O 
PO.l 
Pl.5 
P1.6 
Pl.7 

Alternate Function 
12C clock (SCl) 
12C data (SDA) 
INTO (extemal interrupt 0 input) 
INTl (extemal interrupt 1 input) 
TO (timer 0 extemal input) 

Ports I and 3 are identical in structure to the 
same ports on the 8OC51. The structure of 
port 0 on the BXC751 is similar to that of the 
SOCSI but does not include address/data 
input and output circuitry. As on the BOC51 , 
ports I and 3 are quasi-bidirectional while 
port 0 is bidirectional with no intemal pull ups. 

TImer/Counter 

The BXC751 has two timers: a 16-bit 
timer/counter and a I Q.bit fixed-rate timer. 
The IS-bit timer/counter's operation is similar 
to mode 2 operation on the BOC51, but is 
extended to 16 bits. The timer/counter is 
clocked by either 1112 the oscillator 
frequency or by transitions on the TO pin. The 
CIT pin in special function register TCON 
selects between these two modes. When the 
TCON TR bit is set, the timer/counter is 
enabled. Register pair TH and Tl are 
incremented by the clock source. When the 
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TO Pin 

TR 

Gate 

1RTO' Pin 

register pair overflows, the register pair is 
reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left 
unchanged. See the S3C751 counter/timer 
block diagram in Figure 2. The TF bit in 
special function register TCON is set on 
counter overflow and, if the interrupt is 
enabled, will generate an interrupt. 

TCON Register 

'GATE' CIT' IF , TR' lEO Ino liE. ITt 1 
~B L~ 

GATE - Timer/counter is enabled only 
when INTO pin is high, and TR 
is I. 

0 - Timer/counter is enabled 
whenTRis I. 

CIT - Counterftimer operation Irom 
TO pin. 

0 - Timer operation from intemal 
clock. 

TF - Set on overflow of TH. 
0 - Cleared when processor 

vectors to interrupt routine and 
by reset. 

TR I - Timer/counter enabled. 
0 - Timer/counter disabled. 

lEO I - Edge detected in TJiITO. 
ITO - TJiITO is edge triggered. 

0 - TJiITO is level sensitive. 
lEI - Edge detected on lNTT. 
ITI I - lNTT is edge triggered. 

0 - lNTI is level sensitive. 

These Hags are functionally identical to the 
corresponding SOC51 flags, except that there 
is only one timer on the 83C751 and the flags 
are therefore combined into one register. 

Figure 2. 83C751 Countermmer Block Diagram 
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Note that the positions of the IEOfiTO and 
IE I flTI bits are transposed from the positions 
used in the standard BOC51 TCON register. 

Timer I is used to control the timing of the 12C 
bus and also to detect a "bus locked" 
condition, by causing an interrupt when 
nothing happens on the 12C bus for an 
inordinately long period of time while a 
transmission is in progress. "the interrupt 
does not occur, the program can attempt to 
correct the fault and allow the last 12C 
transmission to be repeated. 

The 12C watchdog timer, timer I, is also 
available as a general-purpose fixed-rate 
timer when the 12C interface is not being 
used. A clock rate of 1112 the oscillator 
frequency forms the input to the timer. TImer I 
has a timeout interval of 1024 machine cycles 
when used as a fixed-rate timer. 

12C Serial Interface 
The 12C bus uses two wires (SDA and SCL) 
to transfer information between devices 
connected to the bus. The main features of 
the bus are: 

• Bidirectional data transfer between masters 
and slaves 

• Serial addressing of slaves (no added 
wiring) 

• Acknowledgment after each transferred 
byte 

• Multimaster bus 

• Arbitration between simultaneously 
transmitting masters without corruption of 
serial data on bus 

1m. 



Philips Semiconductors 8OC51-Based S-Bit Microcontrollers 

80C51 Family Derivatives 

A large family of 12C compatible ICs is 
available. See the 12C section of this manual 
for more details on the bus and available I Cs. 

The 83C751 12C subsystem includes 
hardware to simplify the software required to 
drive the 12C bus. The hardware is a single bit 
interface which in addition to including the 
necessary arbitration and framing error 
checks, includes clock stretching and a bus 
timeout timer. The interface is synchronized 
to software either through polled loops or 
interrupts. Refer to the application note 
AN422, in Section 4, entitled 'Using the 
8XC751 Microcontroller as an 12C Bus 
Master" for additional discussion of the 
83C751 12C interface and sample driver 
routines. 

Six time spans are important in 12C operation 
and are insured by timer I: 

• The MINIMUM HIGH time for SCl when 
this device is the master. 

• The MINIMUM lOW time for SCl when 
this device is a master. This is not very 
important for a single-bit hardware interface 
like this one, because the SCl low time is 
stretched until the software responds to the 
12C flags. The software response time 
normally meets or exceeds the MIN lO 
time. In cases where the software 
responds within MIN HI + MIN lO) time, 
timer I will ensure that the minimum time is 
met. 

• The MINIMUM SCl HIGH TO SDA HIGH 
time in a stop condition. 

• The MINIMUM SDA HIGH TO SDA lOW 
time between 12C stop and start conditions 
(4.7flS, see spec.). 

• The MINIMUM SDA lOW TO SCl LOW 
time in a start condition. 

• The MAXIMUM SCl CHANGE time while 
an 12C frame is in progress. A frame is in 
progress between a start condition and the 
following stop condition. This time span 
serves to detect a lack of software 
response on this 8XC751 as well as 
extemal 12C problems. SCl "stuck low" 
indicates a faulty master or slave. SCl 
"stuck high" may mean a faulty device, or 
that noise induced onto the 12C bus caused 
all masters to withdraw from 12C arbitration. 

The first five of these times are 4.7fls (see 
12C specification) and are covered by the low 
order three bits of timer I. Timer I is clocked 
by the 8XC751 oscillator, which can vary in 
frequency from 0.5 to ISMHz. Timer I can be 
preloaded with one of four values to optimize 
timing for diflerent oscillator frequencies. At 
fower frequencies, software response time is 
increased and will degrade maximum 
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performance of the 12C bus. See special 
function register 12CFG description for 
prescale values (CTO, CT1). 

The MAXIMUM SCl CHANGE time is 
important, but its exact span is not critical. 
The complete 10 bits of timer I are used to 
count aut the maximum time. When 12C 
operation is enabled, this counter is cleared 
by transitions on the SCl pin. The timer does 
not run between 12C frames (i.e., whenever 
reset or stop occurred more recently than the 
last start). When this counter is running, it will 
carry out after 1020 to 1023 machine cycles 
have elapsed since a change on SCL. A 
carry out causes a hardware reset of the 
83C751 12C interface and generates an 
interrupt if the timer I interrupt is enabled. In 
cases where the bus hangup is due to a lack 
of software response by this 83C751 , the 
reset releases SCl and allows 12C operation 
among other devices to continue. 

12C Interrupts 
II 12C interrupts are enabled (EA and EI2 are 
both set to 1), an I'C interrupt will occur 
whenever the ATN flag is set by a start, stop, 
arbitration loss, or data ready condition (refer 
to the description of ATN following). In 
practice, it is not efficient to operate the 12C 
interface in this fashion because the 12C 
interrupt service routine would somehow 
have 10 distinguish between hundreds of 
possible condilions. Also, since 12C can 
operate at a fairly high rate, the software may 
execute faster if the code simply waits for the 
12C interface. 

Typically, the 12C interrupt should only be 
used to indicate a start condition at an idle 
slave device, or a stop condition at an idle 
master device (if it is waiting to use the 12C 
bus). This is accomplished by enabling the 
12C interrupt only during the aforementioned 
conditions. 

12C Register 12CON 

Reading 12CON 

RDAT The data from SDA is captured into 
"Receive DATa" whenever a rising 
edge occurs on SCL. RDAT is also 
available (with seven low-order 
zeros) in the 12DAT register. The 
difference between reading it here 
and there is that reading 12DAT 
clears DRDY, allowing the 12C to 
proceed on to another bit. Typically, 
the first seven bits of a received 
byte are read from 12DAT, while the 
8th is read here. Then 12DAT can 
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be written to send the Ack bit and 
clear DRDY. 

ATN "ATteNtion" is 1 when one or mare 
of DRDY, ARl, STR, or STP is 1. 
Thus, ATN comprises a single bit 
that can be tested to release the 
12C service routine from a "Wait 
loop: 

DRDY "Data ReaDY" (and thus ATN) is set 
when a rising edge occurs an SCl, 
except at idle slave. DRDY is 
cleared by writing CDR = I, or by 
writing or reading the 12DAT 
register. The following low period 
an SCl is stretched until the 
program responds by clearing 
DRDY. 

Checking ATN and DRDY 

When a program detects ATN = I, it should 
next check DRDY. If DRDY = I, then if it 
receives the last bit, it should capture the 
data from RDAT (in 12DAT or 12CON). Next, if 
the next bit is to be sent, it should be written 
to 12DAT. One way or another, it should clear 
DRDYand then retum to monitoring ATN. 
Note that if any of ARl, STR, or STP is set, 
clearing DRDY will not release SCl to high, 
so that the 12C will nat go an to the next bit. If 
a program detects ATN = I, and DRDY ~ 0, it 
should go on to examine ARl, STR, and 
STP. 

ARl "Arbitration loss" is 1 when 
transmit Active was set, but this 
83C751 lost arbitration to another 
transmitter. Transmit Active is 
cleared when ARLis 1. There are 
four separate cases in which ARl is 
set.. 
1. II the program sent a 1 or 

repeated start, but another 
device sent a 0, or a stop, so 
that SDA is 0 at the rising edge 
of SCL. (II the ather device sent 
a stop, the setting of ARl will be 
fallowed shortly by STP being 
set.) 

2. "the program sent a 1, but 
another device sent a repeated 
start, and it drove SDA low 
before the 83C751 could drive 
SCl low. (This type of ARl is 
always accompanied by 
STR=I.) 

3. In master made, if the program 
sent a repeated start, but 
another device sent a I, and it 
drove SCl law before this 
83C751 could drive SDA law. 

4. In master made, if the program 
sent stop. but it could not be 
sent because another device 
sent aO. 
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STR "STaRt" is set to a 1 when an 12C 
start condition is detecled at a 
non-idle slave or at a master. (STR 
is not set when an idle slave 
becomes active due to a start bit; 
the slave has nothing useful to do 
until the rising edge of SCl sets 
DRDY) 

STP "SToP" is set to 1 when an 12C stop 
condition is detected at a non-idle 
slave or at a master. (STP is not set 
for a stop condition at an idle 
slave.) 

MASTER "MASTER" is 1 if this 83C751 is 
currently a master on the 12C. 
MASTER is set when MASTRQ is 1 
and the bus is not busy (i.e., if a 
start bit hasn't been received since 
reset or a "Tomer I" time-out, or if a 
slop has been received since the 
last start). MASTER is cleared 
when ARl is set, or after the 
software writes MASTRO ~ 0 and 
then XSTP ~ 1 . 

Writing 12CON 

Typically, for each bit in an 12C message, a 
service routine waits for ATN ~ 1. Based on 
DRDY, ARl, STR, and STP, and on the 
current bit position in the message, it may 
then write 12CON with one or more of the 
following bits. or it may read or write the 
12DAT register. 

CXA Writing a 1 to "Clear Xmit Active" 
clears the Transmit Active state. 
(Reading the 12DAT register also 
does this.) 

Regarding Transmit Active 

Transmit Active is set by writing the 12DAT 
register, or by writing 12CON with XSTR ~ 1 
or XSTP ~ 1. The 12C interface will only drive 
the SDA line low when Transmit Active is set, 
and the ARL bit will only be set to 1 when 
Transmit Active is set. Transmit Active is 
cleared by reading the 12DAT register, or by 
writing 12CON with CXA ~ 1. Transmit Active 
is automatically cleared when ARL is 1. 

IDLE Writing 1 to "IDLE" causes a slave's 
12C hardware to ignore the 12C until 
the next start condition (but if 
MASTRO is 1, then a stop 
condition will make the 83C751 into 
a master). 

CDR Writing a 1 to "Clear Data Ready" 
clears DRDY (Reading or writing 
the 12DAT register also does this.) 

CARL Writing a 1 to "Clear Arbitration 
Loss" clears the ARl bit. 

CSTR Writing a 1 to "Clear STaRt" clears 
theSTR bit. 
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CSTP Writing a 1 to "Clear SToP" clears 
the STP bit. Note that if one or 
more of DRDY, ARL, STR, or STP 
is 1, the iow time of SCL is 
stretched until the service routine 
responds by clearing them. 

XSTR Writing IS to "Xmit repeated STaRt" 
and CDR tells the 12C hardware to 
send a repeated start condition. 
This should only be at a master. 
Note that XSTR need not and 
should not be used to send an 
"initial" (nonrepeated) start; it is 
sent automatically by the 12C 
hardware. Writing XSTR ~ 1 
includes the effect of writing 12DAT 
with XDAT ~ 1; it sets Transmit 
Active and releases SDA to high 
during the SCL low time. After SCL 
goes high, the 12C hardware waits 
for the suitable minimum time and 
then drives SDA low to make the 
start condition. 

XSTP Writing 1 s to "Xmit SToP" and CDR 
tells the 12C hardware to send a 
stop condition. This should only be 
done at a master. If there are no 
more messages to initiate, the 
service routine should clear the 
MASTRO bit in 12CFG to 0 before 
writing XSTP with 1 . Writing XSTP 
~ 1 includes the effect of writing 
12DAT with XDAT ~ 0; it sets 
Transmit Active and drives SDA low 
during the SCL low time. After SCL 
goes high, the 12C hardware waits 
for the suitable minimum time and 
then releases SDA to high to make 
the stop condition. 

NOTE: Because of the manner in which 
register bit addressing is implemented in the 
80C51 family, the 12CON register should 
never be altered by use of the SETB, CLR, 
CPL, MOV (bit), or JBC instructions. This is 
due to the fact that read and write functions 
of this register are different. Testing of 12CON 
bits via the JB and JNB instructions is 
supported. 

I'e Register 12DAT 

1 6 5 

RDAT "Receive DATa" is captured from 
SDA every rising edge of SCL. 
Reading 12DAT also clears DRDY 
and the Transmit Active state. 

XDAT "Xmit Data"' sets the data for the 
next bit. Writing 12DAT also clears 
DRDY and sets the Transmit Active 
state. 
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Regarding Software Response Tome 

Because the 83C751 can run at 16MHz, and 
because the 12C interface is optimized for 
high-speed operation, it is quite likely that an 
12C service routine will sometimes respond to 
DRDY (which is set at a rising edge of SCl) 
and write 12DAT before SCL has gone low 
again. If XDAT were applied directly to SDA, 
this situation would produce an 12C protocol 
violation. The programmer need not worry 
about this possibility because XDAT is 
applied to SDA only when SCl is low. 

Conversely, a program that includes an 12C 
service routine may take a long time to 
respond to DRDY Typically, an 12C routine 
operates on a flag-polling basis during a 
message, with interrupts from other 
peripheral functions enabled. If an interrupt 
occurs, it will delay the response of the 12C 
service routine. The programmer need not 
worry about this very much either, because 
the 12C hardware stretches the SCl low time 
until the service routine responds. The only 
constraint on the response is that it must not 
exceed the Timer I time-out, which is at least 
765 microseconds. 

12C Register 12CFG 

SLAVEN Writing a 1 to "SLAVe ENable" 
enables the slave functions of the 
12C subsystem. If SLAVEN and 
MASTRO are 0, the 12C hardware 
is disabled. This bit is cleared to 0 
by reset and by an 12C time-out. 

MASTRO Writing a 1 to "MASTRO" requests 
mastership of the 12C. If a frame 
from another master is in progress 
when this bit is changed from 0 to 
1, action is delayed until a stop 
condition is detected. Then, or 
immediately if a frame is not in 
progress, a start condition is sent 
and DRDY is set (thus making ATN 
1 and generating an 12C interrupt). 
When a master wishes to release 
mastership status of the 12C, it 
writes a 1 to XSTP in 12CON. 
MASTRO is cleared by reset and 
by an 12C time-out. 

CLRTI Writing a 1 to this bit clears the 
Timer I interrupt flag. This bit 
position always reads as a O. 

TIRUN Writing a 1 to this bit lets Tomer I 
run; a zero stops and clears it. 
Together with SLAVEN, MASTRO, 
and MASTER, this bit determines 
operational modes as shown in 
Table 2. 
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CT1,O These two bits are programmed as 
a function of the OSC rate, to 
optimize the MIN HI and lO time of 
SCl when this 83C751 is a master 

on the 12C. The time value 
determined by these bits controls 
both of these parameters, and also 

8XC751 overview 

the timing for stop and start 
conditions. These bits are cleared 
to 00 by reset 

Table 2. Interaction of TIRUN with SLAVEN, MASTRQ, and MASTER 

SLAVEN, 
MASTRQ, TIRUN 
MASTER 

All 0 0 

All 0 1 

Any or all 1 0 

Any or all 1 1 

Values to be used in the CTI and CTO bits 
are shown in Table 3. To allow the 12C bus to 
run at the maximum rate for a particular 
oscillator frequency, compare the actual 
oscillator rate to the fose max column in the 
table. The value for CTI and CTO is found in 
the first line of the table where fosc max is 
greater than or equal to the actual frequency. 

The table also shows the oscl12 count for 
various settings of CTl/CTO. This allows 
calculation of the actual minimum high and 
low times for SCl as follows: 

SCl min higMow time = 12' count 
(in microseconds) osc(in MHz) 

For instance, at a 16MHz frequency, with 
CTl/CTO set to 10, the minimum SCl high 
and low times will be 5.251's 

The table also shows the TImer I timeout peri
od (given in machine cycles) for each 
CTl/CTO combination. The timeout period 
varies because of the way in which minimum 
SCl high and low times are measured. When 
the 12C interface is operating, limer I is pre
loaded at every SCl transition with a value 
dependent upon CTl/CTO. The preload value 
is chosen such that a minimum SCl high or 
low time has elapsed when limer I reaches a 
count of OOS (the actual value preloaded into 
limer I is 8 minus the oscl12 count). 

Table 3. CT1, CTO Values 

OPERATING MODE 

The 12C interface is disabled. limer I is cleared and does not run. This is the state assumed 
after a reset. If an 12C application wants to ignore the 12C at certain times, it should write 
SLAVEN, MASTRQ, and TIRUN all to zero. 

The 12C interface is disabled. limer I operates as a free-running time base. Use this mode only 
in non-12C applications. 

The 12C interface is enabled. The 3 low-order bits of limer I run for min-time generation, but the 
hi-order bits do not, so that there is no checking for 12C being "hung." This configuration can be 
used for very slow 12C operation. 

The 12C interface is enabled. limer I runs during frames on the 12C, and is cleared by transitions 
on SCl, and by Start and Stop conditions. This is the normal state for 12C operation. 

12C Register 12STA 

Read only 

7654 3 2 0 

1-IIDlE IXDAT3XACrviMAKSTRIMAKSTPI XSTRIXSTPI 

MSB lSB 

This register is read only and reflects the 
internal status of the 12C hardware. IDLE, 
XSTR, and XSTP reflect the status of the like 
named bits in the 12CON register. 

XDATA The content of the transmitter 
buller. 

XACTV Transmitter active. 

MAKSTR This bit is high while the hardware 
is effecting a start condition. 

MAKSTP This bit is high while the hardware 
is effecting a stop condition. 

XSTR This bit is active while the hardware 
is effecting a repeated start 
condition. 

XSTP This bit is active while the hardware 
is effecting a repeated stop 
condition. 

Interrupts 
The interrupt structure is a five-source, 
one-level interrupt system. Interrupt sources 

common to the 80C51 are the external 
interrupts {IlIITO", lNTf) and the timer/counter 
interrupt (ETO). The 12C interrupt (EI2) and 
limer I interrupt (ETI) are the other two 
interrupt sources. The interrupt sources are 
listed below in their order of polHng sequence 
priority. 

Upon interrupt or reset the program counter is 
loaded with specific values for the appropriate 
interrupt service routine in program memory. 
These values are: 

Program Memory 
Event Address Priority 
Reset 000 Highest 
INTO 003 
CountermmerO OOB 
INTI 013 
limerl 01B 
12C 023 Lowest 

The interrupt enable register (IE) is used to 
individually enable or disable the five 
sources. Bit EA in the interrupt enable 
register can be used to globally enable or 
disable all interrupt sources. The interrupt 
enable register is described below. All other 
interrupt details are based on the 80C51 
interrupt architecture. 

CT1,CTO OSC/12 COUNT fosc MAX TIMEOUT PERIOD 

10 7 16.8MHz 1023 cycles 

01 6 14.25MHz 1 022 cycles 

00 5 11.7MHz 1021 cycles 

11 4 9.14MHz 1020 cycles 

Interrupt Enable Register Symbot Position Function 

1El"1 xix IB21 ETlIEX,IETOIEXOI 
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E]; IE.7 Disables all interrupts. 
If EA = 0, no interrupt 
will be acknowledged. 
If EA = 1, each 
interrupt source is 
individually enabled or 
disabled by setting or 
clearing its enable bit 

IE.S Reserved 

1E.5 Reserved 

EI2 IE.4 Enables or disables 
the 12C interrupt. If 
EI2 = 0, the 12C 
interrupt is disabled 

ETI 1E.3 Enables or disables 
the Timer I overflow 
interrupt. If ETI = 0, the 
Timer I interrupt is 
disabled. 

EX1 IE.2 Enables or disables 
external interrupt 1. If 
EX1 = 0, external 
interrupt 1 is disabled. 

ETO IE.1 Enables or disables 
the Timer 0 overflow 
interrupt. If ETO = 0, 
the Timer 0 interrupt is 
disabled. 

EXO IE.O Enables or disables 
external interrupt O. If 
EXO = 0, external 
interrupt 0 is disabled. 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The Philips 83C751/87C751 offers the 
advantages of the 80C51 architecture in a 
small package and at low cost. 

The 8XC751 Microcontroller is fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

The 8XC751 contains a 2k x 8 ROM 
(83C751) EPROM (87C751), a64x8 RAM, 
19 I/O lines, a 16-bit auto-reload 
counter/timer, a five-source, fixed-priority 
level interrupt structure, a bidirectional 
inter-integrated circuit (12C) serial bus 
interface, and an on-chip oscillator. 

The on-board inter-integrated circuit (12C) bus 
interface allows the 8XC751 to operate as a 
master or slave device on the 12C small area 
network. This capability facilitates I/O and 
RAM expansion, access to EEPROM, 
processor-to-processor communication, and 
efficient interface to a wide variety of 
dedicated 12C peripherals. 

ORDERING INFORMATION 

ROM EPROM 

S87C751-1F24 

S87C751-2F24 

S87C751-4F24 

S87C751-5F24 

S83C751-1N24 S87C751-1N24 

S83C751-2N24 S87C751-2N24 

S83C751-4N24 S87C751-4N24 

S83C751-5N24 S87C751-5N24 

S83C751-1A28 S87C751-1A28 

S83C751-2A28 S87C751-2A28 

S83C751-4A28 S87C751-4A28 

S83C751-5A28 S87C751-5A28 

NOTE: 

• 80C51 based architecture 

• Inter-Integrated Circuit (12C) serial bus 
interface 

• Small package sizes 

- 24-pin DIP (300 mil 'skinny DIP") 

- 28-pin PLCC 

• 87C751 available in erasable quartz lid or 
one-time programmable plastic packages 

• Wide osdllator frequency range 

• Low power consumption: 

- Normal operation: less than 11 mA @ 5V, 
12MHz 

- Idle mode 

- Power-down mode 

• 2k x 8 ROM (83C751) 
2k x 8 EPROM (87C751) 

• 64x8 RAM 

• 16-bit auto reloadable counterltimer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 

• LED drive outputs 

TEMPERATURERANGEOC 
AND PACKAGE 1 

o to + 70, Ceramic Dual In-line Package, UV 

-40 to +85, Ceramic Dual In-line Package, UV 

o to + 70, Ceramic Dual In-line Package, UV 

-40 to +85, Ceramic Dual In-line Package, UV 

o to +70, Plastic Dual In-line Package, OTP 

-40 10 +85, Plastic Dual In-line Package, OTP 

010 +7CY' Plastic Dual In-line Package, OTP 

-40 to +85, Plaslic Dual In-line Package, OTP 

010 +70, Plaslic Leaded Chip Carrier, OTP 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

o 10 + 70, Plastic Leaded Chip Carrier, OTP 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

1. OTP = One Time Progrmmable EPROM. UV = UV Erasable EPROM. 
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P3.41A4 1 vee 
P3.5/AS 

P3.21A21A1D 3 P3.6/A6 

P3.lIAlIA9 4 P3.7/A7 

P3.D/AD/AS 5 P1.7fT01D7 

Pl.6ilRT1/D6 

PO.l1S0Al 1 
OE-PGM 

Pl.SiIN11I/DS 

PO.O/SCLJ 
ASEL 

8 Pl.4/D4 

Pl.31D3 

X2 Pl.21D2 

Xl Pl.11D1 

Vss Pl.DiDO 

4 .6 

25 

11 1. 

" 18 

Pin Function Pin Function 
1 P3A1M 15 P1.OIDO 
2 P3.31A3 16 Pl.11D1 
3 P3.21A2IA10 17 P1.2iD2 
4 P3.1/Al/A9 18 Pl.3ID3 
5 N.C. 19 P1.4iD4 
6 P3.OIAOIA8 20 P 1.5I1I'rn1ID5 
7 PO.2IVPP 21 N.C. 
8 PO.l/SONaE-PGM 22 N.C. 
9 PO.OISCLJASEL 23 Pl.611NTf1D6 
10 N.C. 24 Pl.7FrOlO7 
11 RST 25 P3.11A7 
12 X2 26 P3.61A6 
13 Xl 27 P3.51A5 
14 VSS 28 VCC 

FREQUENCY DRAWING 
MHz NUMBER 

3.5 to 12 0586B 

3.5 to 12 0586B 

3.5 to 16 0586B 

3.5 to 16 0568B 

3.5 to 12 04100 

3.51012 0410D 

3.510 16 0410D 

3.5 to 16 0410D 

3.510 12 0401F 

3.5 to 12 0401F 

3.5 to 16 0401F 

3.5 to 16 0401F 

853-0599 08556 
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BLOCK DIAGRAM 

PO.G-PO.2 
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TIMING 
AND 

CONTROL 

Pl.G-Pl.7 

I2CFG 12STA TeON 

I2CON IE 

THO TLO 
RTH RTL 

INTERRUPT, SERIAL 
PORT AND TIMER BLOCKS 

P3.G-P3.7 
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PIN DESCRIPTIONS 
PIN NO. 

MNEMONIC DIP LCC TYPE NAME AND FUNCTION 

Vss 12 14 I Circuit Ground Potential 

Vee 24 28 I Supply voltage during normal, idle, and power-c!own operation. 

PO.O-PO.2 IHl 9-7 110 Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have ls written to them float, 
and in that state can be used as high-impedance inputs. Port 0 also serves as the serial12C 
interface. When this feature is activated by software, SCL and SDA are driven low in accordance 
with the 12C protocol. These pins are driven low if the port register bit is written with a 0 or if the 12C 
subsystem presents a O. The state of the pin can always be read from the port register by the 
program. 

To comply with the 12C specification, PO.O and PO.l are open drain bidirectional 110 pins with the 
electrical characteristics listed in the tables that follow. While these differ from 'standard TIL" 
characteristics, they are close enough for the pins to still be used as general-purpose flO in 
non-12C applications. Port 0 also provides alternate functions for programming the EPROM 
memory as follows: 

6 7 N/A Vpp (PO.2) - Programming voltage input. 
7 8 I OElPGM (PO.l) -Input which specifies verify mode (output enable) or the program mode. 

OE/PGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 

8 9 I ASEL (PO.O) -Input which indicates which bits of the EPROM address are applied to port 3. 
ASEL = 0 low address byte available on port 3. 
ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 

7 8 flO SDA (PO.l) -12C data. 
8 9 110 SCL (PO.O) - 12C clock. 

Pl.O-Pl.7 13-20 15-20, flO Port 1 : Port 1 is an 8-bit bidirectional flO port with intemal pull-ups. Port 1 pins that have 1 s written 
23,24 to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 

that are externally pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: IILl. Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 

18 20 I JIiI'ro (Pl.5): External interrupt. 
19 23 I INTf (Pl.6): External interrupt. 
20 24 I TO (P1.7): limerO external input. 

P3.O-P3.7 5-1, 4-1,6, flO Port 3: Port 3 is an 8-bit bidirectional flO port with internal pull-ups. Port 3 pins that have 1 s written 
23-21 27-25 to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 

that are externally being pulled low will source current because of the pull-ups. {See DC Electrical 
Characteristics: IILl. Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The ll-bit address is multiplexed into this port as specified by 
PO.O/ASEL. 

RST 9 11 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 
An internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to 
Vce. After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 
XI input. 

XI 11 13 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
Xl also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 

X2 10 12 0 Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 
CHARACTERISTICS 
Xl and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 

To drive the device from an external clock 
source, Xl should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. the 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1. External Pin Status 
During Idle and 
Power-Down Modes 

MODE PortO Port 1 Port 2 

Idle Data Data Data 
Power-down Data Data Data 

DIFFERENCES BETWEEN THE 
8XC751 AND THE 80C51 

Program Memory 
On the 8XC751, program memory is 2048 
bytes long and is not externally expandable, 
so the SOC51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 

Event 
Reset 
External TI'lTO 
Counterltimer 0 
ExternallfITT 
Timer I 
12C serial 

Program Memory 
Address 

000 
003 
008 
013 
018 
023 

CounterlTimer Subsystem 
The 8XC751 has one counterltimer called 
timer/counter O. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 

Table 2. 12C Special Function Register Addresses 
REGISTER ADDRESS 

NAME SYMBOL ADDRESS MSB 

12C control 12CON 98 9F 9E 90 

12C data 12DAT 99 - - -
12C configuration 12CFG 08 OF DE DO 

12C status 12STA FS FF FE FD 
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A watchdog timer, called Timer I, is for use 
with the 12C subsystem. In 12C applications, 
this timer is dedicated to time-generation and 
bus monitoring of the 12C. In non-12C 
applications, it is available for use as a fixed 
time-base. 

Interrupt Subsystem - Fixed 
Priority 
The IP register and the 2-level interrupt 
system of the 80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 

Highest priority: 

Lowest priority: 

Pin l1imi 
Counter/timer flag 0 
Pin lfITT 
Timer I 
Serial12C 

Serial Communications 
The SXC751 contains an 12C serial 
communications port instead of the 80C51 
UART. The 12C serial port is a single bit 
hardware interface with all of the hardware 
necessary to support multimaster and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The 12C serial port is 
controlled through four special function 
registers; 12C control, 12C data, 12C status, 
and 12C configuration. 

Special Function Register 
Addresses 
Special function registers for the SXC751 are 
identical to those of the 8OC51 , except for the 
changes listed below: 

80C51 special function registers not present 
in the BXC751 are TMOD (B9), P2 (AO) and 
IP (B8). The 80C51 registers TH1, TL1, 
SCaN, and SBUF are replaced with the 
SXC751 registers RTH, RTL, 12CON, and 
12DAT, respectively. Additional special 
function registers are 12CFG (08) and 12STA 
(FS). See Table 2. 

BIT ADDRESS 

LSB 

9C 9B 9A 99 9S 

- - - - -
DC DB DA D9 DS 

FC FB FA F9 FS 
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ABSOLUTE MAXIMUM RATINGS1, 2 

PARAMETER RATING UNIT 

Storage temperature range -65 to +150 DC 

Voltage from Vee to V ss -0.5 to +6.5 V 

Voltage from any pin to Vss (except Vpp) -0.5 to Vee + 0.5 V 

Power dissipation 1.0 W 

Voltage on Vpp pin to Vss Oto+13.0 V 

Maximum 10l per I/O pin 10 rnA 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed lor the protection of its intemal devices from the damaging effects of excessive slatic 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

DC ELECTRICAL CHARACTERISTICS 
Tamb = ODC to +70DC or-40DC to +85DC, Vee = 5V ±10% for 87C751 , Vee =5V±20% for 83C751 , Vss = OV' 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

V,l Input low voltage, except SDA, SCl -0.5 0.2VDo-O.l V 
V,H Input high voltage, except Xl, RST 0.2Vcc+0.9 Vec+0.5 V 

V'H' Input high voltage, Xl, RST 0.7Vec Vec+D.5 V 

SDA, SCl, PO.2 

V,L1 Input low voltage -0.5 0.3Vec V 

V,H2 Input high voltage 0.7Vcc Vec+0.5 V 

VOL Output low voltage, ports 1 and 3 IOl = 1.SmA2 0.45 V 

Vou Output low voltage, port 0.2 IOl=3.2mA2 0.45 V 

VOH Output high voltage, ports 1 and 3 IOH =-60flA 2.4 V 

IOH =-25flA 0.75Vcc V 

IOH =-10flA 0.9Vcc V 

Port 0.0 and 0.1 (12C) - Drivers 

VOl2 Output low voltage IOl =3mA 0.4 V 
Driver, receiver combined: (over Vec range) 

C Capacitance 10 pF 

I,l logical 0 input current, ports 1 and 3 V,N = O.45V -50 JlA 
ITl Logical 1 to 0 transition current, ports 1 and 33 Y,N = 2V (0 to lODC) -650 JlA 

Y,N = 2V (-40 to +85DC) -750 JlA 
III I nput leakage current, port 0 0.45 < Y,N < Vee ±10 JlA 
RAST Internal pull-down resistor 25 175 fill 

C,O Pin capacitance Testfreq = lMHz, 10 pF 
Tamb = 25D C 

IpD Power-clown current"! Vee = 2 to Vee max 50 JlA 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Tamb = O°C to +70°C or -40°C to +85°C, Vee = 5V ±10% for 87C151, Vce = 5V ±20% for 83C751, Vss = OV1 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Vss = OV 
Vpp Vpp program voltage (for 87C751 only) Vcc=5V±100/0 12,5 13,0 V 

Tamb = 21°C to 27"C 

Ipp Program current (for 87C751 only) Vpp = 13,OV 50 rnA 

Icc Supply current (see Figure 3) 

NOTES: 
1, Parameters are valid over operating temperature range unless otherwise specified, All voltages are with respect to Vss unless otherwise 

noted, 
2, Under steady state (non-transient) conditions, IOl must be externally limited as follows: 

Maximum IOl per port pin: lOrnA (NOTE: This is 85°C spec,) 
Maximum IOl per 8-bit port: 26mA 
Maximum totallol for all outputs: 67mA 

If IOl exceeds the test condition, VOL may exceed the related specification, Pins are not guaranteed to sink current greater than the listed 
test conditions, 

3, Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to 0, The transition current reaches its 
maximum value when VIN is approximately 2V 

4, Power-down Icc is measured with all output pins disconnected; port a = Vcc; X2, Xl n,c,; RST = Vss, 
5, Active Icc is measured with all output pins disconnected; Xl driven with tClCH, IcHCl = 5ns, Vil = Vss + 0,5V, VIH = Vee - 0,5V; X2 n,c,; 

RST = port a = Vcc, Icc will be slightly higher if a crystal oscillator is used, 
6, Idle Icc is measured with all output pins disconnected; Xl driven with tClCH, IcHCl = 5ns, Vil = Vss + 0,5V, VIH = Vee - 0,5V; X2 n,c,; 

port a = Vcc; RST = Vss, 

AC ELECTRICAL CHARACTERISTICS 
Tamb = O°C to +70°C or -40°C to +85°C, Vcc = 5V ±10% for 87C751, Vcc = 5V ±20% for 83C751, Vss = OVu 

12MHzCLOCK VARIABLE CLOCK 

SYMBOL PARAMETER MIN MAX MIN MAX UNIT 

1/tClCl Oscillator frequency: 3,5 12 MHz 
3.5 16 MHz 
0,5 12 MHz 

External Clock (Figure 1) 

IcHCX High time 20 20 ns 

IclCX Low time 20 20 ns 

IclCH Rise time 20 20 ns 

tcHCl Fall time 20 20 ns 

NOTES: 
1, Parameters are valid over operating temperature range unless otherwise specified, All voltages are with respect to Vss unless otherwise 

noted, 
2, Load capacitance for ports = 80pF. 
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EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
C - Clock 
D - Input data 

H - Logic level high 
L - Logic level low 
a - Output data 
T - TIme 
V - Valid 
X - No longer a valid logic level 
Z - Float 

VCC-O·5 -----,------, 

0.2 Vee + 0.9 

0.2 Vcc-O.1 
O.45V ICHCH 

ICLCH 

;------ tcLCL -----~ 

Figure 1. External Clock Drive 
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VCC.:: ______ _J~~~:~::~:~:~:~:~:~:~ ___________ _J)x(~ _____ _ 

Figure 2. AC Testing Inpul/Output 
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Figure 3. Icc vs. FREQ 
Maximum Icc values taken at Vce max and worsl case temperature. 

Typical Ice values taken al Vee = S.OV and 25°C. 
Notes Sand 6 refer to DC Electrical Characteristics. 
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PROGRAMMING 
CONSIDERATIONS 

EPROM Characteristics 
The 87C751 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C751 in the programming mode. 

Figure 4 shows a block diagram of the 
programming configuration for the 87C751. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO.l is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. the high 
address should remain on port 3 for at least 
two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL 1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz 

The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, Xl. 

Programming Operation 
Figures 5 and 6 show the timing diagrams for 
the programlverify cycle. RESET should 
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initially be held high for at least two machine 
cycles. PO.l (PGMI) and PO.2 (Vpp) will be at 
VOH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional 1/0 ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (VIH). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C751 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.l). These pulses 
are created by driving PO. 1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 

The Vpp signal may now be driven to the VOH 
level, placing the 87C751 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Portl and 
issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc 
level and verifying the byte. 

Programming Modes 
The 87C751 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO.l and 
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PO.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 
The 87C751 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR'ed with one of the 
bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups. the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 

Security Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 

EPROM is inhibited. 

2. Additional programming of the encryption 
key is inhibited. 

3. Verification of the encryption key is 
inhibited. 

4. Verification of the USER EPROM and the 
security bit levels may still be performed. 

(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to aU 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may still be verified. 
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Programming and Verifying 
Security Bits 
Security bits are programmed employing the 
same techniques used to program the USE R 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C751 on ports 1 and 3. 

Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, Pl.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 

Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 16 and 1.7. 

Erasure of the EPROM begins to occur when 
the chip is exposed 10 light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 

Table 3. Implementing ProgramlVerify Modes 

OPERATION SERfALCODE PO.l (PGMI) PO.2 (Vpp) 

Program user EPROM 296H -' Vpp 
Verify uscr EPROM 296H VIH VIH 
Program key EPROM 292H -' Vpp 

Verify key EPROM 292H VIH VIH 
Program security bit 1 29AH -' Vpp 

Program security bit 2 298H -' Vpp 
Verify security bits 29AH VIH VIH 

NOTE: 
• Pulsed from VIH to VIL and returned to VIH. 

EPROM PROGRAMMING AND VERIFICATION 
Tamb ~ 21°C to +27'C, Vcc ~ 5V +10%, Vss ~ OV -

SYMBOL PARAMETER MIN 

l/teLCL Oscillator/clock frequency 1.2 

tAVGL 
. Address setup to PO.l (PROG-) low lOflS + 24teLCL 

lGHAX Address hold after PO. 1 (PROG-) high 48lcLcL 

tOVGL Data setup to PO. 1 (PROG-) low 38lcLcL 

tOVGL Data setup to PO.1 (PROG-) low 38lcLcL 

lGHDX Data hold after PO. I (PROG-) high 36teLCL 

tSI-iGL Vpp setup to PO. 1 (PROG-) low 10 

lGHSL Vpp hold after PO.l (PROG-) 10 

lGLGH PO. 1 (PROG-) width 90 

tAVOV 
.. Vpp low (Vccl to data valid 

lGHGL PO.l (PROG-) high to PO.l (PROG-) low 10 

tSYNL PO.D (sync pulse) low 4teLCL 

tSYNH PO.O (sync pulse) high 8teLCL 

tMASEL ASEL high time 13teLCL 

tMAHLD Address hold time 2lcLcL 

tHASET Address setup to ASEL 13teLCL 

tADSTA Low address to valid data 

NOTES: 
Address should be valid at least 24tCLcL before the rising edge of PO.2 (Vpp) . 

.. For a pure verify mode, ie, no program mode in between, !AVOV is 14tCLCL maximum. 
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erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-slcm2. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOflW/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an aliI s state. 

MAX UNIT 

6 MHz 

fls 

f1S 

110 J.'s 

48teLCL 

fls 

48teLCL 
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Figure 4. Programming Configuration 

Figure 5. Entry into ProgramNerify Modes 
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Figure 6. ProgramNerify Cycle 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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8XC752 OVERVIEW 
The Signetics 83C752187C752 is a 
single-cl1ip control oriented mia-ocontroller 
fabricated with Philips Semiconductors 
high-density CMOS technology minimizing 
CMOS latch-up sensitivity. Being a member 
of the SOC51 family, the S3C752 has a 
powerful instruction set, and has the same 
basic architecture as the BOCS1. The 83C752 
is essentially the popular industry-standard 
83C751 with the inclusion of a five-cl1annel 
multiplexed 8-bit ADC and a PWM output 

The 83C752 contains a 2k x 8 masked ROM, 
64 bytes of RAM, 21 I/O lines, a 16-bit 
auto-reload timer/counter, a fixed-rate timer, a 
seven-source fixed-priority interrupt structure, 
a bidirectional Inter-Integrated Circuil (12C) 
serial bus interface, and an on-chip oscillator. 
This device also includes a five-channel 
multiplexed 8-bit ADC and a PWM output 

The on-board 12C bus interface allows the 
S3C752 to operate as a master or slave 
device on the 12C small area network. This 
capability facilitates 110 and RAM expansion, 
access to EEPROM, processor-to-processor 
communications, and efficient interface to a 
wide variety of dedicated 12C peripherals. 

The EPROM version of this device, the 
87C752, is also available in both quartz-lid 
erasable and plastic one-time programmable 
(OTP) packages. Once the array has been 
programmed, it is functionally equivalent to 
the masked ROM S3C752. Thus, unless 
explicitly stated otherwise, all references 
made to the 83C752 apply equally to the 
87C752. 

The 83C7S2 supports two power reduction 
modes of operation referred to as the idle 
mode and the power-down mode. 

Differences from the 80C51 

Instruction Set 
The instruction set of the S3C752 is identical 
to the 80CSI except that: 

MOVX, LCALL, and lJMP are not 
implemented. 

If these instructions are executed, the 
appropriate number of instruction cycles will 
take place along with external fetches; 
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however, no operation will take place. The 
lJMP may not respond to all program 
address bits. 

Memory Organization 
The 83C752 manipulates operands in three 
memory address spaces. The first is the 
program memory space which contains 
program instructions as well as constants 
such as look-up tables. The program memory 
space contains 2k bytes in the 83C752. 

The second memory space is the data 
memory array which has a logical address 
space of 128 bytes. However, only the first 64 
(0 to 3FH) are implemented in the 83C7S2. 

The third memory space is the special 
function register array having a 128-byte 
address space (SOH to FFH). Only selected 
locations in this memory space are used (see 
Table 1). Note that the architecture of these 
memory spaces (intemal program memory, 
internal data memory, and special function 
registers) is identical to the SOC51 , and the 
S3C752 varies only in the amount of memory 
physically implemented. 

The B3C752 does not directly address any 
extemal data or program memory spaces. 
For this reason, the MOVX instructions in the 
BOCSI instruction set are not implemented in 
the 83C752, nor are the alternate I/O pin 
functions FlU and WR. 

I/O Ports 
The 110 pins provided by the 83C7S2 consist 
of port 0, port 1, and port 3. 

PortO 

Port 0 is a S-bit bidirectional I/O port and 
includes altemate functions on some pins of 
this port Pins PO.3 and POA are provided 
with internal pullups while the remaining pins 
(PO.O, PO. 1 ,and PO.2) have open drain 
output structures. The alternate functions for 
portO are: 

PO.O SCl - the 12C bus clock 
PO.! SDA - the 12C bus data 
PO.4 PWM - the PWM output 

If the alternate functions, 12C and PWM, are 
not being used, then these pins may be used 
as I/O ports. 
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Port 1 

Port 1 is an 8-bit bidirectional 110 port whose 
structure is identical to the BOC51 , but also 
includes alternate input functions on an pins. 
The alternate pin functions for port 1 are: 

P1.O-Pl.4 - ADCO-ADC4 -AID converter 
analog inputs 
P 1.S1IiI'rn - external interrupt 0 input 
Pl.61RTi - external interrupt 1 input 
Pl.7 - TO -timer 0 external input 

If the alternate functions lNTIJ, 1RTi, or TO 
are not being used, these pins may be used 
as standard I/O ports, provided that the AID 
is disabled. It is necessary to connect AVec 
and AVss to Vec and Vss, respectively, in 
order to use these pins as standard I/O pins. 
When the AID converter is enabled, the 
analog channel connected to the AID may not 
be used as a digital input; however, the 
remaining analog inputs may be used as 
digital inputs. They may not be used as digital 
outputs. While the A/D is enabled, the analog 
inputs are floating. 

Port 3 

Port 3 is an 8-bit bidirectional 110 port whose 
structure is identical to the BOC51. Note that 
the alternate functions associated with port 3 
of the BOC51 have been moved to port 1 of 
the 83C7S2 (as applicable). See Figure 1 for 
port bit configurations. 

PWMOutputs 
The single PWM output is an alternate 
function assigned to PO.4 and can be used to 
output pulses of programmable length and 
interval. The repetition frequency is defined 
by an 8-bit prescaler which generates the 
clock for the counter. This prescaler is 
contained in the PWMP register. 

The S-bit counter counts from 0 to 254 
inclusive. The value of the 8-bit counter is 
compared to the contents of the compare 
register, PWM. When the contenfs value 
matches that of the PWCM register, the 
PWCM output is set high. When the counter 
reaches zero, the PWM output is set low. The 
pulse width ratio (duty cycle) is defined by the 
contents of the compare register and is in the 
range of 0 to 1, programmed in increments of 
1I2S5. 
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Table 1. 8XC752 Special Function Registers 

SYMBOL DESCRIP110N 
DIRECT BIT ADDRESS, SYMBOL., OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 E1 EO OOH 

ADAT# AID result 84H OOH 

ADCON*# AID control AOH - - ENADC ADCI ADCS AADR2 AADR1 AADRO COH 

B' B register FOH F7 F6 F5 F4 F3 F2 F1 FO OOH 

DPTR: Data pointer 
(2 bytes) 

DPL Data pointer low 82H OOH 
DPH Data pointer high 83H OOH 

OF DE DO DC DB DA 09 08 

12CFG'# 12C configuration D8H/RO SLAVEN MASTRO 0 TIRUN - - cn CTO OOOOxxOOB 

WR SLAVEN MASTRO CLRTI TIRUN - - cn CTO 

9F 9E 90 9C 9B 9A 99 98 

12CON*# 12C control 98H/RD RDAT ATN DRDY ARL STR STP MASTER - 81H 

WR CXA 10LE COR CARL CSTR CSTP XSTR XSTP 

12DAT'# 12C data 99H/RO RDAT 0 0 0 0 0 0 0 80H 

WR XDAT X X X X X X X 

FF FE FD FC FB FA F9 F8 

12STN# 12C status F8H - IDLE XDATA XACTV MAKSTR MAKSTP XSTR XSTP x0100000B 

AF AE AD AC AB AA A9 AS 

IE'# Interrupt enable A8H EA EAD ETI ES EPWM EX1 ETO EXO OOH 

- - - 84 83 82 81 80 xxx11111B 

PO'# PortO SOH - - - PWMO - - SDA SCL 

97 96 95 94 93 92 91 90 FFH 

P1'# Port 1 90H TO INTT INTO ADC4 AOC3 ADC2 ADC1 AOCO 

P3' Port 3 BOH B7 B6 B5 B4 B3 92 91 eo FFH 

PCON# Power control B7H - - - - - - PO IDL xxxxOOOOB 

07 06 05 04 03 02 01 DO 

PSW' Program status word DOH CY AC FO RS1 RSO OV - P OOH 

PWCM# PWMcompare 8EH xxxxxxxxB 

PWENA# PWMenable FEH - - - - - - - PWE FEH 

PWMP# PWM prescaler 8FH OOH 

RTL# Timer low reload 8BH OOH 

RTH# Timer high reload 80H OOH 

SP Stack pointer 81H 07H 

TL# Timer low 8AH OOH 

TH# Timer high 8CH OOH 

8F 8E 80 8C 8B 8A 89 88 

TCON*# Timer control 88H GATE CIT TF TR lEO ITO IE1 IT1 OOH . SFRs are bit addressable. 
# SFRs are modified from or added to the SOC51 SFRs. 

March 1993 1042 



Philips Semiconductors SOC51-Based 8-Bit Microcontrollers 

80C51 Family Derivatives 

~~ ----, 

Int. Bus 

Wri1eto 
latch 

D 

CL 

Re~ ___ .J 

Pl.X 
Latch 

Q 

Alternate 
Output 

Function 

Altemate Input 
Function 

The PWM output can be set continuously 
high by loading the compare register with 
OOH and continuously low by loading the 
compare register with FFH. The PWM output 
is enabled by setting the PWE bit in the PWM 
enable register, PWENA. When enabled, the 
output is driven with a fully active strong 
pullup. When disabled, the pin behaves as a 
normal bidirectional 1/0 pin. When disabled, 
the counter remains active. The PWM 
function is disabled by a reset condition. The 
PWM output is high during power-down and 
idle modes and the counter is disabled. 

The repetition frequency is given by: 

fose 
510 x (1 + PWMP) 

An oscillator frequency of 12MHz results in a 
repetition range of 92Hz to 23.5kHz. 

The lowlhigh ratio of the PWM output is 
PWMI(255 - PWM) for PWM values except 
255. A PWM value of 255 results in a low 
PWMoutput. 

If enabled, a PWM interrupt will occur when 
the PWM counter overflows. 

In order for the PWM output to be used as a 
standard 1/0 pin, the PWM function needs to 
be disabled. The PWM counter can still be 
used as an internal timer by enabling the 
PWM interrupt. 

AID Converter 
The 83C752 contains a five-<:hannel 
multiplexed 8-bit AID converter. The 
conversion requires 40 machine cycles (40fts 
at 12MHz oscillator frequency). 

The AID converter is controlled by the AID 
control register, ADCON. Input channels are 
selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON 
register is not bit addressable. 
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Figure 1. Port Bit Latches and 1/0 Buffers 

ADCON Register 

!.ISO LSD 

I X I x IENADCIADCIIADcslAADR21AADR11AADROI 

ADCI ADCS 
o 0 

o 

o 

Operation 
ADC not busy, a conversion 
can be started. 
ADC busy, start of a new 
conversion is blocked. 
Conversion completed, start 
of a new conversion is 
blocked. 
Not possible. 

INPUT CHANNEL SELECTION 

ADDR2 ADDRI ADDRO INPUT 
PIN 

0 0 0 P1.0 
0 0 1 Pl.l 
0 1 0 P1.2 
0 1 1 P1.3 
1 0 0 P1.4 

Position Symbol Function 
ADCON.5 ENADC Enable AID function 

when ENADC = 1. 
Reset forces 
ENADC =0. 

AOCON.4 ADCI ADC interrupt flag. 
This flag is set when 
an ADC conversion is 
complete. If IE.6 = I, 
an interrupt is 
requested when 
ADCI = 1. The AOCI 
flag is cleared when 
conversion data is 
read. This flag is read 
only. 

AOCON.3 AOCS AOC start. Setting this 
bit starts an AID 
conversion. Once set, 
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Function 

ADCON.2 AADR2 
ADCON.l AAORI 
AOCON.O AAORO 

ADCS remains high 
throughout the 
conversion cycle. On 
completion of the 
conversion, it is reset 
just before the AOCI 
interrupt flag is 
cleared. ADCS cannot 
be reset by software. 
ADCS should not be 
used to monitor the 
AID converter status. 
ADCI should be used 
for this purpose. 
Analog input select. 
Analog input select. 
Analog input select. 
This binary coded 
address selects one of 
the five analog input 
port pins of PI to be 
input to the converter. 
It can only be changed 
when AOCI and ADCS 
are both low. AADR2 is 
the most significant bit. 

The completion of the 8-bit AOC conversion 
is flagged by ADCI in the AOCON register, 
and the result is stored in the special function 
register ADAT. 

An ADC conversion in progress is unaffected 
by an AOC start. The result of a completed 
conversion remains unaffected provided 
ADCI remains at a logic 1. While ADCS is a 
logic 1 or AOCI is a logic I, a new ADC 
START will be blocked and consequently lost. 
An ADC conversion in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (AOCI = logic 1) remains 
unaffected when entering the idle mode. See 
Figure 2 for an AID input equivalent circuit. 
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Rm = 0.5 - 3 kohms 
CS + CC = ISpF maximum 
RS = Recommended < 9.6 kohms for I LSB@ 12MHz 

NOTE: 
Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm closes for 8tcy (8Jls @ 12MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 

The analog input pins ADCO-ADC4 may be 
used as digital inputs and outputs when the 
AID converter is disabled by a 0 in the 
ENADC bit in ADCON. When the AID is 
enabled, the analog input channel that is 
selected by the ADDR2-ADDRO bits in 
ADCON cannot be used as a digital input. 
Reading the selected AID channel as a digital 
input will always return a I. The unselected 
AID inputs may always be used as digital 
ir.puts. Un selected analog inputs wiil be 
floating and may not be used as digital 
outputs. 

Counter/Timer 
The SXC?52 counterltimer is designated 
Timer 0 and is separate from Timer I of the 
12C serial port and from the PWM. Its 
operation is similar to mode 2 of the SOC51 
counter/timer, extended to 16 bits. When 
Timer 0 is used in the external counter mode, 
the TO input (PI.?) is sampled every S4PI. 
The counter/timer function is controlled using 
the timer control register (TCON). 

TeON Register 

MSB LSB 

TR I lED I ITO lEt liT> I 
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Figure 2. AID Input: Equivalent Circuit 

Position Symbol Function 
TCON.? GATE 1- Timer 0 is enabled 

only when I NTO pin is 
high and TR is I. 

o - Timer 0 is enabled 
only when TR is 1. 

TCON.6 CIT I - Counter operation 
from TO pin. 

o - Timer operation from 
internal clock. 

TCON.5 TF I - Set on overflow 01 TO. 
o - Cleared when 

processor vectors to 
interrupt routine and 
by reset. 

TCON.4 TR I - Enable timer 0 
o - Disable timer 0 

TCON.3 lEO I - Edge detected on 
INTO 

TCON.2 ITO I - INTO is edge 
triggered. 

a - INTO is level 
sensitive. 

TCON.I lEI I - Edge detected on 
INTI 

TCON.O ITI I - INTI is edge 
triggered. 

a - INTI is level 
sensitive. 
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These flags are functionally identical to the 
corresponding SOCSI flags except that there 
is only one of the SOCSI style timers, and the 
flags are combined into one register. 

Note that the positions of the lEO/ITO and 
IEIIITI bits are transposed from the positions 
used in the standard SOCSI TCON register. 

A communications watchdog timer, Timer I, is 
described in the 12C section. In 12C 
applications, this timer is dedicated to time 
generation and bus monitoring for the 12C. In 
non-12C applications, it is available for use as 
a fixed time base. 

The 16-bit timer/counter's operation is similar 
to mode 2 operation on the aOC51, but is 
extended to 16 bits. The limer/counter is 
clocked by either 1/12 the oscillator 
frequency or by transitions on the TO pin. The 
CIT pin in special function register TCON 
selects between these two modes. When the 
TCON TR bit is set, the timer/counter is 
enabled. Register pair TH and TL are 
incremented by the clock source. When the 
register pair overflows, the register pair is 
reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left 
unchanged. The TF bit in special function 
register TCON is set on counter overflow 
and, il the interrupt is enabled, will generate 
an interrupt (see Figure 16). 
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12C Serial 110 
The 12C bus uses two wires (SOA and SCl) 
to transfer infoonation between devices 
connected to the bus. The main technical 
features of the bus are: 

• Bidirectional data transfer between masters 
and slaves 

• Serial addressing of slaves 

• Acknowledgment after each transferred 
byte 

• Multimaster bus 

• Arbitration between simultaneously 
transmitting master without corruption of 
serial data on bus 

A large family of 12C compatible ICs is 
available. See the 12C section for more details 
on the bus and available ICs. 

The B3C752 12C subsystem includes 
hardware to simplify the software required to 
drive the 12C bus. This circuitry is the same 
as that on the B3C751. (See the 83C751 
section for a detailed discussion of this 
subsystem). 

Interrupts 
The interrupt structure is a seven-source, 
one-level interrupt system similar to the 
8XC751. The interrupt sources are listed 
below in their order of polling sequence 
priority (highest to lowest): 

Priority 
Highest 

lowest 
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Source 
INTO 
TFO 
INT1 
PWM 
TI 
SIO 
AOC 

Function 
External interrupt 0 
Timer flag 0 
External interrupt 1 
PWM counter overflow 
12C timer overflow 
Serial port interrupt 
NO conversion 
complete 

Figure 3. 83C752 Countermmer Block Diagram 

The vector addresses are as follows: 

Source 
INTO 
TFO 
INT1 
TIMER I 
SIO 
AOC 
PWM 

Vector Address 
0OO3H 
OOOBH 
0013H 
001BH 
0023H 
002BH 
0033H 

Interrupt Control Registers 
The 80C51 interrupt enable register is 
modified to take into account the different 
interrupt sources of the 8XC752. 

Interrupt Enable Register 

MSB LSB 

I EA I EAOI ETI I ES I EPWMI EX. I ETG I EXO I 

Position Symbol Function 
IE.7 EA Global interrupt 

disable when EA = 0 
IE6 EAO NO conversion 

complete 
IE.5 ETI Timer I 
IE.4 ES 12C serial port 
IE3 EPWM PWMcounter 

overflow 
IE2 EX1 External interrupt 1 
IE1 ETO Timer 0 overflow 
lEO EXO External interrupt 0 

Power-Down and Idle Modes 
The 8XC752 includes the BOC51 power-down 
and idle mode features. The functions that 
continue to run while in the idle mode are 
Timer 0, the 12C interface including Timer I, 
and the interrupts. Upon powering-up the 
circuit, or exiting from idle mode, sufficient 
time must be allowed for stabilization of the 
internal analog reference voltages before an 
NO conversion is started. 
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Special Function Registers 
The special function registers (directly 
addressable only) contain all of the 8XC751 
registers except the program counter and the 
four register banks. Most 01 the 21 special 
function registers are used to control the 
on-Chip peripheral hardware. Other registers 
include arithmetic registers (ACC, B, PSW), 
stack pointer (SP) and data pointer registers 
(OPH, OPl). Nine of the SFRs are bit 
addressable. 

Data Pointer 
The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPl). In the 
80C51 this register allows the access of 
external data memory using the MOVX 
instruction. Since the 83C752 does not 
support MOVX or external memory accesses, 
this register is generally used as a 16-bit 
offset pointer of the accumulator in a MOVC 
instruction. OPTR may also be manipulated 
as two independentS-bit registers. 
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CMOS single-chip 8-bit microcontro/ler with AID, PWM 

DESCRIPTION FEATURES PIN CONFIGURATION 
The Philips 83C752/87C752 offers many 01 
the advantages of the 80C51 architecture in a 
small package and at low cost. 

• Available in erasable quartz lid or 
One-TIme Programmable plastic packages 

• 80C51 based architecture 

P3.41A4 1 Vcc 

PaS/AS 

The 8XC752 Microcontroller is fabricated with 
Philips high-density CMOS technology. 
Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

• Inter-integrated Circuit (12C) serial bus 
interlace 

P3.21A21A10 3 Pa6lA6 

The 8XC752 contains a 2k x 8 ROM 
(83C752) EPROM (87C752), a 64 x 8 RAM, 
21 I/O lines, a 16-bit auto-reload 
counterltimer, a fixed-priority level interrupt 
structure, a bidirectional inter-integrated 
circuit WC) serial bus interlace, an on-chip 
oscillator, a five channel multiplexed 8-bit AID 
converter, and an 8-bit PWM output. 

The onboard inter-integrated circuit (12C) bus 
interlace allows the 8XC752 to operate as a 
master or slave device on the 12C small area 
network. This capability facilitates I/O and 
RAM expansion, access to EEPROM, 
processor-ta-processor communication, and 
efficient interlace to a wide variety of 
dedicated 12C peripherals. 

~ .••.• ~.rns ~ 
PART NUMBER SELECTION 

ROM EPROM 

S87C752-1 F28 

S87C752-2F28 

S87C752-4F28 

S87C752-5F28 

S83C752-1 N28 S87C752-1 N28 

S83C752-2N28 S87C752-2N28 

S83C752-4N28 S87C752-4N28 

S83C752-5N28 S87C752-5N28 

S83C752-1 A28 S87C752-1A28 

S83C752-2A28 S87C752-2A28 

S83C752-4A28 S87C752-4A28 

S83C752-5A28 S87C752-5A28 

S83C752--6A28 S87C752--6A28 

S83C752--6F28 S87C752--6F28 

S83C752--6N28 S87C752--6N28 
NOTES. 

• Small package sizes 

- 28-pin DIP 

- 28-pin PLCC 

• Wide oscillator frequency range 

• Low power consumption: 

- Normal operation: less than 11 mA @ 5V, 
12MHz 

- Idle mode 

- Power-down mode 

• 2k x 8 ROM (83C752) 
EPROM (87C752) 

·64x8RAM 

• 16-bit auto reloadable counter/timer 

• 5-channel 8-bit A/D converter 

• 8-bit PWM output/timer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 

TEMPERATURE RANGE oC 
AND PACKAGE 

o to +70, 28-pin Ceramic Dual In-line Package, UV 

-40 to +85, 28-pin Ceramic Dual In-line Package, UV 

o to +70, 28-pin Ceramic Dual In-line Package, UV 

-40 to +85, 28-pin Ceramic Dual In-line Package, UV 

o to +70, 28-pin Plastic Dual In-line Package, OTP 

-40 to +85, 28-pin Plastic Dual In-line Package, OTP 

o to +70, 28-pin Plastic Dual In-line Package, OTP 

-40 to +85, 28-pin Plastic Dual In-line Package, OTP 

o to +70, 28-pin Plastic Leaded Chip Carrier, OTP 

-40 to +85, 28-pin Plastic Leaded Chip Carrier, OTP 

o to +70, 28-pin Plastic Leaded Chip Carrier, OTP 

-40 to +85, 28-pin Plastic Leaded Chip Carrier, OTP 

-55 to + 125, 28-pin Plastic Leaded Chip Carrier, OTP 

-55 to + 125, 28-pin Ceramic Dual In-line Package, UV 

-55 to + 125, 28-pin Plastic Dual In-line Package, OTP 

1. OTP = One TIme Programmable EPROM. UV = UV Erasable EPROM. 
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P3.l/AlIAS 4 P3.7/A7 

PaD/AOfAS 5 PO.4IPWM OUT 

PO.3 

PO.1/SDAI 7 P'.7fTOID7 
OE--PGM 

PO.O!SCU 
ASEL 

8 Pl.611NTf1D6 

P1.SmmJIDS 

X2 AVec 

X1 AVss 

Vss 
P1.4IADC4ID4 

P1.31ADC3ID3 

P1.21ADC2ID2 

26 

2. 

11 " 
12 18 

Pin Function Pin Function 
1 P3.4/A4 15 P1.21AOC2Jll2 
2 P3.31A3 16 P1.3'ADC3ID3 
3 P3.21A2JA10 17 P1.4/ADC4/D4 
4 P3.lIA1!A9 18 AVss 
5 P3.OIAD/As 19 AV"" 
6 PO.2IVpp 20 P 1.5IIfITOID5 
7 PO.lISDAlOE-PGM 21 PU1I1NTfID6 
8 PO.OISCUASEL 22 Pl.7/TO/D7 
9 RST 23 PO.3 
10 X2 24 PO.41PWM OUT 
11 Xl 25 P3.7/A7 
12 Vss 26 P3.BlAS 
13 Pl.OIADCOIDQ 27 P3.5IAS 
14 Pl.1/ADCl/Dl 28 V"" 

FREQUENCY DRAWING 
NUMBER 

3.5 to 12MHz 0589B 

3.5 to 12MHz 0589B 

3.5 to 16MHz 0589B 

3.5 to 16MHz 0589B 

3.5 to 12MHz 0413B 

3.5 to 12MHz 0413B 

3.5 to 16MHz 0413B 

3.5 to 16MHz 0413B 

3.5 to 12MHz 0401F 

3.5 to 12MHz 0401F 

3.5 to 16MHz 0401F 

3.5 to 16MHz 0401F 

3.5 to 12MHz 0401F 

3.5 to 12MHz 0589B 

3.5to 12MHz 0413B 

853-1443 0860 1 
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PIN DESCRIPTION 

MNEMONIC PIN NO. TYPE NAME AND FUNCTION 

Vss 12 I Circuit Ground Potential. 

Vee 28 I Supply voltage during normal, idle, and power-down operation. 

PO.O-POA ~ 1/0 Port 0: Port 0 is a 5-bit bidirectional port Port 0.O-PO.2 are open drain. Port 0.O-PO.2 pins that have 
23,24 1 s written to them IIoat, and in that state can be used as high-impedance inputs. PO.~.4 are 

bidirectional 110 port pins with internal pull-ups. Port 0 also serves as the serial 12C interface. When this 
feature is activated by software, SCl and SDA are driven low in accordance with the 12C protocol. 
These pins are driven low if the port register bit is written with a 0 or if the 12C subsystem presents a O. 
The state of the pin can always be read from the port register by the program. Port 0.3 and 0.4 have 
internal pull-ups that function identically to port 3. Pins that have 1 s written to them are pulled high by 
the internal pull-ups and can be used as inputs. 

To comply with the 12C specification, PO.O and PO.l are open drain bidirectional 110 pins with the 
electrical characteristics listed in the tables that follow. While these differ from "standard TTL" 
characteristics. they are close enough for the pins to still be used as general-purpose 110 in non-12C 
applications. 

6 I Vpp (PO.2) - Programming voltage input. 
7 I OElPGM (PO.l) - Input which specifies verify mode (output enable) or the program mode. 

OElPGM = 1 output enabled (verify mode). 
OElPGM = 0 program mode. 

8 I ASEl (PO.O) -Input which indicates which bits of the EPROM address are applied to port 3. 
ASEl = 0 low address byte available on port 3. 
ASEl = 1 high address byte available on port 3 (only the three least significant bits are used). 

P1.O-Pl.7 13-17, 110 Port 1: Port 1 is an 8-bit bidirectional 110 port with internal pull-ups. Port 1 pins that have 1 s written to 
20-22 them are pulled high by the internal pull-ups and can be used as inputs. PO.3-PO.4 pins are 

bidirectional 110 port pins with internal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: lid. Port 1 also 
serves the special function features of the SC80C51 family as listed below: 

20 I II\ITlJ (Pl.5): External interrupt. 
21 I IIiITf (Pl.6): External interrupt. 
22 I TO (Pl.7j: limerO external input. 

13-17 I ADCO (Pl.0)-ADC4 (Pl.4): Port 1 also functions as the inputs to the five channel multiplexed AID 
converter. These pins can be used as outputs only if the AID function has been disabled. These pins 
can be used as inputs while the AID converter is enabled. 

Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 

P3.O-P3.7 5-1, 110 Port 3: Port 3 is an 8-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have ls written to 
27-25 them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 

externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: IlL). Port 3 also functions as the address input for the EPROM memory location to be 
programmed (or verified). The ll-bit address is multiplexed into this port as specified by PO.OIASEl. 

RST 9 I Reset: A high on this pin for two machine cycles while the oscillator is runnin9 resets the device. An 
internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to Vee. 
After the device is reset. a 10-bit serial sequence, sent lSB firs~ applied to RESET, places the device 
in the programming state allowing programming address. data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the XI input. 

Xl 11 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. Xl 
also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 

X2 10 0 Crystal 2: Output from the inverting oscillator amplifier. 

AVee 19 I Analog supply voltage and reference input. 

AVec 18 I Analog supply and reference ground. 
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OSCILLATOR 
CHARACTERISTICS 
XI and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 

To drive the device from an extemal clock 
source, XI should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals except the 
AID and PWM stay active. The instruction to 
invoke the idle mode is the last instruction 
executed in the normal operating mode 
before the idle mode is activated. The CPU 
contents, the on-cllip RAM, and all of the 
special function registers remain intact during 
this mode. The idle mode can be terminated 
either by any enabled interrupt (at which time 
the process is picked up at the interrupt 
service routine and continued), or by a 
hardware reset which starts the processor in 
the same manner as a power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-{;hip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1. External Pin Status 
During Idle and Power-Down 
Modes 

MODE PortO' Port! PorI 2 

Idle Data Data Data 
Power-down Data Data Data . Except for PWM output (PO.4) . 
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DIFFERENCES BETWEEN THE 
8XC752 AND THE 8OC51 

Program Memory 
On the 8XC752, program memory is 2048 
bytes long and is nol externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 

Evenl 
Reset 
ExtemalTlil'rn 
Counterllimer 0 
ExternallNTI 
Timer I 
12C serial 
ADC 
PWM 

Program Memory 
Address 

000 
003 
OOB 
013 
01B 
023 
02B 
033 

CounterlTimer Subsystem 
The 8XC752 has one counterllimer called 
timer/counter O. Its operation is similar to 
mode 2 operation on the BOC51, but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 

A watchdog timer, called Timer I, is for use 
with the 12C subsystem. In 12C applications, 
this timer is dedicated to time-generation and 
bus monitoring of the 12C. In non-12C 
applications, it is available for use as a fixed 
time-base. 

Interrupt Subsystem - Fixed 
Priority 
The IP register and the 2-level interrupt 
system of the SC80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 
Highest priority: Pin TIiI'rn 

Counterllimer flag 0 
PinlNTI 

Lowest priority: 

PWM 
Timer I 
Serial12C 
ADC 
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Serial Communications 
The 8XC752 contains an 12C serial 
communications port instead of the SOCSI 
UART. The 12C serial port is a single bit 
hardware interface with all of the hardware 
necessary to support multi master and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The 12C serial port is 
controlled through four special function 
registers; 12C control, 12C data, 12C status, 
and 12C configuration. 

Pulse Width Modulation Output 
(PM) 
The PWM outputs pulses of programmable 
length and interval. The repetition frequency 
is defined by an 8-bit prescaler which 
generates the clock for the counter. The 
prescaler register is PWMP. The prescaler 
and counter are not associated with any other 
timer. The 8-bit counter counts modulo 255, 
that is from 0 to 254 inclusive. The value of 
the S-bit counter is compared to the contents 
of a compare register, PWM. When the 
counter value matches the contents of this 
register, the output of the PWM is set high. 
When the counter reaches zero, the output of 
the PWM is set low. The pulse width ratio 
(duty cycle) is defined by the contents 01 the 
compare register and is in the range of 0 to 1 
programmed in increments of 11255. The 
PWM output can be set to be continuously 
high by loading the compare register with 0 
and the output can be set to be continuously 
low by loading the compare register with 255. 
The PWM output is enabled by a bit in a 
special function register, PWENA. When 
enabled, the pin output is driven with a fully 
active pull-up. That is, when the output is 
high, a strong pull-up is continuously applied. 
when disabled, the pin functions as a normal 
bidirectional 110 pin, however, the counter 
remains active. 

The PWM function is disabled during RESET 
and remains disabled after reset is removed 
until re-enabled by software. The PWM 
output is high during power down and idle. 
The counter is disabled during idle. The 
repetition frequency of the PWM is given by: 

fpWM = fose / 2 (I + PWMP) 255 
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The lowlhigh ratio of the PWM signal is PWM 
/ (255 - PWM) for PWM not equal to 255. For 
PWM = 255, the output is always low. 

The repetition frequency range is 92Hz to 
23.5kHz for an oscillator frequency of 12M Hz. 

An interrupt will be asserted upon PWM 
counter overflow if the interrupt is not masked 
off. 

The PWM output is an alternative function of 
POA. In order to use this port as a 
bidirectional 1/0 port, the PWM output must 
be disabled by clearing the enable/disable bit 
in PWENA. In this case, the PWM subsystem 

can be used as an interval timer by enabling 
the PWM interrupt 

AID Converter 
The analog input circuitry consists of a 
5-input analog multiplexer and an A to D 
converter with 8-bit resolution. The 
conversion takes 40 machine cycles, i.e., 
40l-'S at 12MHz oscillator frequency. The AID 
converter is controlled using the ADCON 
control register. Input channels are selected 
by the analog multiplexer through ADCON 
register bits 0--2. 

Special Function Register 
Addresses 
Special function registers for the 8XC752 are 
identical to those of the SC80C51, except for 
the changes listed below: 

SC80C51 special function registers not 
present in the 8XC752 are TMOD (89), P2 
(AO) and IP (BS). The SC80C51 registers 
TH1, TL1, SCON, and SBUF are replaced 
with the BXC752 registers RTH, RTL, 12CON, 
and 12DAT, respectively. Additional special 
function registers are 12CFG (D8) and 12STA 
(FB), ADCON (AO), ADAT (84), PWM (BE), 
PWMP (8F), and PWENA (FE). See Table 2. 

Table 2. 12C Special Function Register Addresses 

REGISTER ADDRESS BIT ADDRESS 

NAME SYMBOL ADDRESS MSB LSB 

12C control 12CON 98 9F 9E 9D 9C 9B 9A 99 98 

12C data 12DAT 99 - - - - - - - -

12C configuration 12CFG D8 DF DE DD DC DB OA 09 08 

12C status 12STA F8 FF FE FD FC FB FA F9 F8 

ABSOLUTE MAXIMUM RATINGS', 3, 4 

PARAMETER RATING UNIT 

Storage temperature range ~to+150 °C 

Voltage Irom Vee to Vss -{l.5 to +6.5 V 

Voltage from any pin to Vss (except Vpp) -{l.5 to Vee + 0.5 V 

Power dissipation 1.0 W 

Voltage from Vpp pin to Vss -{l.5 to + 13.0 V 
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DC ELECTRICAL CHARACTERISTICS 
Tamb =O°C to +70°C or-40°C to +85°C, AVec =5V±5, AVss = OV4 
83C752: Vee = 5V ± 20%, 87C752: Vee = 5V ± 10%, VSS = OV 

TEST 

SYMBOL PARAMETER CONDITIONS 

lee Supply current (see Figure 3) 

Inputs 

Vil Input low voltage, except SDA, SCL (0 to 7OC) 
(-40 to +85C) 

VIH Input high voltage, except X I, RST (Oto70C) 
(0.2Vcc+1) 

VIH, Input high voltage, Xl, RST (0 to 7OC) 
(-40 to +85C) 

SDA, SCL, PO.2 

Vilt Input low voltage (0 to 70C) 
(-40 to +85) 

VIH2 Input high voltage (0 to 7OC) 
(-40-85) 

Outputs 

Output low voltage, ports I, 3, 0.3, and 0.4 
VOL (PWM disabled) 10l = 1.6mA2 

VOlt Output low voltage, port 0.2 IOl=3.2mA2 

Output high voltage, ports I, 3, 0.3, and 0.4 
VOH (PWM disabled) 10H = -OOIJA, 

10H =-251lA 

10H = -101lA 

10H = -4001JA 
VOH2 Output high voltage, PO.4 (PWM enabled) 10H =-401lA 

Port 0.0 and 0.1 (12C) - Drivers 

V0l2 Output low voltage 10l = 3mA 
(over Vce range) 

Driver, receiver combined: 
C Capacitance 

III Logical 0 input current, VIN = 0.45V (0 to 70C) 
ports I, 3, 0.3, and 0.4 (PWM disabled) 11 VIN = O.45V (0 to +85C) 

ITl Logical 1 to 0 transition current, VIN = 2V (0 to 70C) 
ports 1,3,0.3 and 0.411 VIN = 2V (-40 to +85C) 

III Input leakage current, port 0.0, 0.1 and 0.2 0.45 < VIN < Vee 

RRST Reset pull-down resistor 

Cia Pin capacitance Test freq = 1 MHz, 
Tant> = 25°C 

Ipo Power-down currents Vee = 2t05.5V 
Vee = 2 to 6.0V 

(83C752) 

Vpp Vpp program voltage (87C752 only) Vss =OV 
Vee = 5V±10% 

Tamb = 21°C to 27°C 

Ipp Program current (87C752 only) Vpp = 13.0V 

Analog Inputs (AID guaranteed only with quartz window covered). 

AVec Analog supply voltage 10 AVee = Vec±D·2V 

Alec Analog operating supply current AVee=5.12V 
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UMIl'st 

MIN Typical' MAX UNIT 

-0.5 0.2Vcc-O.l V 
-0.5 0.2Vcc-O.15 V 

0.2Vee+0.9 Vee+0.5 V 
(-40 to +85C) Vcc+0.5 V 

O·7Vee Vee+O·5 V 
O.7Vee to.l Vee+0.5 V 

-0.5 0.3Vee V 
-0.5 0.3Vcc-O.l V 

O·7Vee Vee+0.5 V 

0·7Vee+O·1 Vee+0.5 

0.45 V 
0.45 V 

2.4 V 

0.75Vee V 

0.9Vee V 

2.4 V 

0.9Vee V 

0.4 V 

10 pF 

-50 IJA 
-75 IlA 

--SSO IlA 
-750 IlA 
±10 IlA 

25 175 kQ 

10 pF 

50 IJA 

12.5 13.0 V 

50 mA 

4.5 5.5 V 

39 mA 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
TEST LIMITS' 

SYMBOL PARAMETER CONDITIONS MIN TYPICALI MAX UNIT 

Analog Inputs (Continued) (AID guaranteed only with quartz window covered). 

AVIN Anafog input voltage AVs~.2 AVec+0.2 V 

CIA Anafog input capacitance 15 pF 

lAos Sampling time 8!ev s 

tADe Conversion time 4O!ev s 

R Resolution 8 bits 

ERA Relative accuracy ±1 LSB 

OS. Zero scale offset ±1 LSB 

G. Full scale gain error 0.4 % 

MCTC Channel to channel matching ±1 LSB 

C, Crosstalk 0-100kHz -60 dB 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 
Maximum IOL per port pin: 10mA (NOTE: This is 85°C spec.) 
Maximum IOL per 8-bit port: 26mA 
Maximum total IOL for all outputs: 67mA 

If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater than the fisted 
test conditions. 

3. This product incfudes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

5. Power-down Icc is measured with all output pins disconnected; port 0 = Vcc; X2, XI n.c.; RST = Vss. 
6. Icc is measured with afl output pins disconnected; XI driven with !eLCH, !eHCL = 5ns, VIL = Vss + O.5V, V1H = Vce - O.5V; X2 n.c.; 

RST = port 0 = Vec. Icc wiff be slighdy higher if a crystal oscillator is used. 
7. Idle Icc is measured with all output pins disconnected; XI driven with tcLCH, tcHCL = 5ns, V1L = Vss + O.5V, V1H = Vee - O.5V; X2 n.c.; 

port 0 = Vee; RST = Vss. 
8. Load capacitance for ports = 8OpF. 
9. The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVcc. 
10. If the AID function is not required, or if the AID function is only needed periodically, AVec may be removed without affecting the operation of 

the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. If AVcc is removed, the AID inputs must be lowered to 
less than O.5V. Digital inputs on Pl.0-Pl.4 wiff not function normally. 

11. These parameters do not apply to Pl.O-Pl.4 if the AID function is enabled. 

AID CONVERTER PARAMETER 
DEFINITIONS 
The following definitions are included to 
cfarify some specifications given and do not 
represent a complete set of AID parameter 
definitions. 

Absolute Accuracy Error 
Absolute accuracy error of a given output is 
the difference between the theoretical analog 
input voltage to produce a given output and 
the actual analog input voltage required to 
produce the same code. Since the Same 
output code is produced by a band of input 
voltages, the 'required input voltage" is 
defined as the midpoint of the band of input 
voltage that will produce that code. Absolute 
accuracy error not specified with a code is 
the maximum over all codes. 
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Nonlinearity 
If a straight line is drawn between the end 
points of the actuaf converter characteristics 
such that zero offset and full scale errors are 
removed, then non-linearity is the maximum 
deviation of the code transitions of the actuaf 
characteristics from that of the straight fine so 
constructed. This is also referred to as 
relative accuracy and also integral 
non-linearity. 

Differential Non-Linearity 
Differential non-linearity is the maximum 
difference between the actual and ideal code 
widths fo the converter. The code widths are 
the differences expressed in LSB between 
the code transition points, as the input 
voltage is varied through the range for the 
complete set of codes. 
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Gain Error 
Gain error is the deviation between the ideal 
and actual analog input voltage required to 
cause the final code transition to a full-scale 
output code after the offset error has been 
removed. This may sometimes be referred to 
as full scale error. 

Offset Error 
Offset error is the difference between the 
actual input voltage that causes the first code 
transition and the ideal value to cause the 
first code transition. This ideal value is 112 
LSB above V ret_. 

Channel to Channel Matching 
Channel to channel matching is the maximum 
difference between the corresponding code 
transitions of the actual characteristics taken 
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from different channels under the same 
temperature, voltage and frequency 
conditions. 

Crosstalk 
Crosstalk is the measured level of a signal at 
the output of the converter resulting from a 
signal applied to one deselected channel. 

Total Error 
Maximum deviation of any step point from a 
line connecting the ideal first transition point 
to the ideal last transition point. 

Relative Accuracy 
Relative accuracy error is the deviation of the 
ADC's actual code transition points from the 

AC ELECTRICAL CHARACTERISTICS 
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ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition point, after 
nulling offset error and gain error. It is 
generally expressed in LSBs or in percent of 
FSR. 

T ant> = O·C to +70·C or -40·C to +85·C Vr:;c = 5V ±10% (87C752) Vcc = 5V ±20% (83C752) Vss = oy4, 8 

12MHzCLOCK 

SYMBOL PARAMETER 

l/telCl Oscillator frequency: 

External Clock (Figure 1) 

teHCX High time 

telCX Low time 

telCH Rise time 

teHCl Fall time 

EXPLANATION OF THE AC SYMBOLS 
Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

H - Logic level high 
L - Logic level low 
Q - Output data 
T - lime 
V - Valid 

MIN 

20 

20 

C - Clock 
D - Input data 

X - No longer a valid logic level 
Z - Float 

O.2VCC+ O•9 

O.2VCC-O.l 

MAX 

20 

20 

IcHCH 

IcLCH 

14----- tcLCL -----~ 

Figure 1. External Clock Drive 

VARIABLE CLOCK 

MIN MAX 

3.5 12 
3.5 16 
0.5 12 

20 

20 

20 

20 

vcc~·s _____ --'V\....;O'::;:2~V:s;C"'C'=+:::O.:!.9 ________ __.JX\. ____ _ 
D.45V A O.2Vcc-O.1 . . 

Figure 2. AC Testing Input/Output 
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UNIT 

MHz 
MHz 
MHz 

ns 

ns 

ns 

ns 
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22 

20 ,. 
16 

14 

Ice rnA 12 

10 

L 
V 

/ 
V 

/ 
V 

/ / , 
/ 

MAX ACTIVE Icc· 

TYP ACTIVE Ice6 

/V 

4 
/V --/' 
~ I--....-

MAX IDLE lec7 

- TVP IDLE Icc7 

4MHz aMHz 12MHz 16MHz 

FREQ 

Figure 3. Icc vs. FREQ 
Maximum Icc values taken at Vcc = S.SV and worst case temperature. 

Typical Icc values taken at V CC = 5.0V and 25°C. 
Notes 6 and 7 refer to AC Electrcial Characteristics. 

PROGRAMMING 
CONSIDERATIONS 

EPROM Characteristics 
The 87C752 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and B7C51. It differs from these 
devices in that a serial data stream is used to 
place the 87C752 in the programming mode. 

Figure 4 shows a block diagram of the 
programming configuration for the 87C752. 
Port pin PO.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO. 1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address inlernally. The high 
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address should remain on port 3 for at least 
two clock cycles after ASEL is driven low. 
Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL 1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C752 into 
various programming modes. This pattern 
consists of a 1 O-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, Xl. 
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Programming Operation 
Figures 5 and 6 show the timing diagrams for 
the program/verify cycle. RESET should 
initially be held high for at least two machine 
cycles. PO. 1 (PGMI) and PO.2 (Vpp) will be at 
VOH as a result of the RESET operation. At 
this point, these pins funation as normal 
quasi-bidirectional 110 ports and the 
programming equipment may pull these lines 
low. However, prior to sending the lo..bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V'H). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C752 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 
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A high voltage Vpp level is then applied to the 
Vpp input (PO.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming pulses 
applied to the PGMI pin (PO.l). These pulses 
are created by driving PO. 1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGMI signal 
should remain high. 

The Vpp signal may now be driven to the VOH 
level, placing the 87C752 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Portl and 
issuing the 26 programming pulses on the 
PGMI pin, bringing Vpp back down to the Vc 
level and verifying the byte. 

Programming Modes 
The 87C752 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application's code, a IS-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins PO. 1 and 
PO.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 
The 87C752 includes a IS-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 

memory location is XNOR'ed with one of the 
bytes in the IS-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups. the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 

Security Bits 
Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 
1. Additional programming of the USER 

EPROM is inhibited. 

2. Additional programming of the encryption 
key is inhibited. 

3. Verification of the encryption key is 
inhibited. 

4. Verification of the USER EPROM and the 
security bit levels may still be performed. 

(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 

Table 3. Implementing ProgramNerlfy Modes 
OPERATION SERIAL CODE 

Program user EPROM 296H 
Verify user EPROM 296H 
Program key EPROM 292H 
Verify key EPROM 292H 
Program security bit 1 29AH 
Program security bit 2 298H 
Verify security bits 29AH 

NOTE: 
" Pulsed from V,H to V,L and returned to V,H. 
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and the encryption key arrays. The security 
bit levels may still be verified. 

Programming and Verifying 
Security Bits 
Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C752 on ports 1 and 3. 

Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 

Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Ukewise, P 1.6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 
Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-seclcrn2. Exposing the EPROM to an 
ultraviolet lamp of 12,OoouW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient 

Erasure leaves the array in an allIs state. 

PO.l (PGMIJ PO.2(Vpp) 

-" Vpp 
V,H V,H 
-" Vpp 
V,H V,H 
-" Vpp 
-" Vpp 

V'H V,H 
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EPROM PROGRAMMING AND VERIFICATION 
Tamb = 21°C to +27"C, Vex; = 5V ±IO%, VSS = OV 

SYMBOL PARAMETER 

1/IcLCL Oscillator/clock frequency 

MIN 

1.2 

tAVGL . Address setup to PO. I (PROG-) low I Of'S + 24lcLCL 

IGHAX Address hold after PO. I (PROG-) high 48lcLCL 

tDVGL Data setup to PO. I (PROG-) low 38tcLCL 

IovGL Data setup to PO. I (PROG-) low 38lcLCL 

IGHDX Data hold after PO. I (PROG-) high 36tcLCL 

tSHGL Vpp setup to PO. I (PROG-) low 10 

IGHSL YPP hold after PO. I (PROG-) 10 

IGLGH PO.I (PROG-) width 90 

tAvav 
.. 

Vpp low (Vcc) to data valid 

taHGL PO. I (PROG-) high to PO.I (PROG-) low 10 

IsVNL PO.O (sync pulse) low 4lcLcL 

IsVNH Po.o (sync pulse) high 8lcLCL 

tMASEL ASEL high time 13lcLCL 

tMAI-ILD Address hold time 2tcLCL 

IHASET Address setup to ASEL 13lcLcL 

tADSTA Low address to address stable 13tcLCL 
NOTES: 
• Address should be valid at least 24lcLCL before the rising edge of PO.2 (Vpp) . 
•• For a pure verify mode, i.e., no program mode in between,lAvav is 14tCLCL maximum. 

PROGRAMMING 
PULSES 

A 

AO-A10 

DDRESS STROBE 

87C752 

P3.0-P3.7 

PO.D/ASEL 

PO.1 

Vee 

Vss 

VppNIH VOLTAGE 
SOURCE 

PO.2 P1.D-P1.7 

Y 
XTAL1 

RESET I CONTROL 
I 

RESET 
LOGIC 

CLKSOURCE 

Figure 4. Programming Configuration 
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MAX UNIT 

6 MHz 

I1s 

f'S 

110 f'S 

48lcLcL 

I1s 

+5V 

1-

DATA BUS 
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XTAll ~ 
MIN 2 MACHINE 

I_ CYCLES _I_ TEN BIT SERIAL CODE _I 

RESET 

1'0.2 UNDEANED I 

1'0.1 UNDEANED I 
Figure 5. Entry into ProgramNerify Modes 

12..75V 

1'0.2 (Vpp) ~5V~ _____________ -J;' 

~ r- 'SHGl 

25 PULSES 

I I 
1'0.1 (PGI.l) L~~~-------

1 J I- IGlGHol ~ L 
f.oocr----+l1 'MASEl I i'GHGl 

PO.O (ASEl) 
/ \ 98~s MIN 10J.lS MIN _J ~ __________________________ _ 

r- tHASEI -I .. I tHAHlD 

PORT 3 ~ HIGH ADDRESS Xr--l-OW-A-O-OR-E-S-S------------------------

PORT 1 

H tADSTA 

--------~~ 
H IOVGl tAvav--.j 

j-----
INVAUDDATA DATA TO BE PROGRAMMED INVALID DATA VAUD DATA 

'"'I-r-------- VERIFY MODE -------...,00-1140-- PROGRAM MODE --0~1._---- VERIFY MODE ----.~I 

Figure 6. ProgramNerify Cycle 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined by Philips. 
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8XC851 OVERVIEW 
The 8OC851 and the 83C851 (hereafter 
relerred to collectively as the 8XC851) are 
EEPROM expanded versions of the 80C51. 
These devices are pin-lor-pin compatible with 
the 8OC51 w~h the addition of 256 bytes of 
EEPROM. The addition of the EEPROM 
makes these devices suitable lor a variety of 
applications, specifically control and security 
systems. 

The 8XC851 includes a 4k x 8 ROM, a 
128 x 8 RAM, a 256 x 8 electrically erasable 
programmable read-only memory 
(EEPROM), 32 110 lines, two 16-bit 
timer/counters, a seven-source, two priority 
level nested interrupt structure, a serial 110 
port for either full duplex UART or 110 
expansion, and an on-<:hip oscillator and 
dock circuit. The 80C851 indudes all of the 
83C851Ieatures except the on-board 4k x 8 
ROM. 

The 8XC851 has two software selectable 
modes of reduced activity lor further power 
reduction: idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 
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I n addition, some special security leatures 
are implemented: 

• ROM code protection: 
Mask-programmable. When implemented, 
access to the intemal ROM is possible only 
when executing internal program memory; 
it is not possible to access the internal 
ROM when executing extemal program 
memory. 

• EEPROM protection: 
In the security mode (enabled when the 
security bit is set), the contents of the 
EEPROM are protected and, when 
executing extemal program memory, no 
read or write operation to the EEPROM is 
possible except "Blockerase" ("Blockerase" 
clears all bytes, induding the byte 
containing the security bits). 

The 8XC851 leatures include: 

• 8OC51 pin-lor-pin compatibility 

·4kx8ROM 

.128 x8 RAM 

• 256 x 8 EEPROM 
- On-<:hip voltage muRiplier for eraselwrite 
- SO,OOO eraselwrite cycles per byte 

- 10 years non-volatile data retention 
- Infinite number of read cycles 
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• Two 16-bit counterltimers 

• Two extemal interrupts 

• Exlllmal memory addressing capability 
- 64k ROM and 64k RAM 

• Low power consumption 
- Idle mode 
- Power-down mode 

• ROM code protection 

• EEPROM security mode 

Differences from the 80C51 

Special Function Registers 
The SFRs are identical to those of the 
standard 80C51 with the exception of five 
registers (EADRL, EADRH, EDAT, ECNTRL, 
and ETIM) that have been added to allow 
control of the 256 bytes of EEPROM. Table 1 
is a detafled expansion of the special function 
registers. 

Reier to the 8OC851 data sheet lor additional 
infonnalion. 
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Table 1. 8XC851 Special Function Registers 

SYMBOL DESCRIPTION 
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET 

ADDRESS MSB LSB VALUE 

ACC' Accumulator EOH E7 E6 E5 E4 E3 E2 E1 EO OOH 

B' B register FOH F7 F6 F5 F4 F3 F2 F1 FO OOH 

EF EE EO EC EB EA E9 E8 

OPTR: Oata pointer 
(2 bytes): 

OPH High byte 83H OOH 
OPL Low byte 82H OOH 

EAORH# EEPROMaddr F3H 80H 
reg-high 

EAORL# EEPROMaddr F2H OOH 
reg-low 

ECNTRL# EEPROM control reg F6H IFE I EEINT J EWP I - J ECNTRl ECNTR 1 ECNTR 1 ECNTR OOH 
L3 L2 11 LO 

EOAT# EEPROM data F4H xxH 
register 

ETIM# EEPROM timer F5H 08H 
register 

BF BE BO BC BB BA B9 B8 

IP' Interrupt priority B8H - I - I - I PS I PT1 I PX1 I PTO I PXO xxxOOOOOB 

AF AE AO AC AB AA A9 A8 

IE· Interrupt enable A8H EA I - I - I ES I ET1 I EX1 I ETO I EXO OxxOOOOOB 

PO' PortO 80H 87 86 85 84 83 82 81 80 FFH 

PI· Port 1 90H 97 96 95 94 93 92 91 90 FFH 

P2' Port 2 AOH A7 A6 A5 A4 A3 A2 AI AO FFH 

P3' Port 3 BOH B7 as B5 B4 B3 B2 B1 SO FFH 

PCON Power control 87H SMOD I - I - 1 - I GF1 1 GFO 1 PO 1 10L OxxxOOOOB 

07 06 05 04 03 02 01 00 

PSW' Program status word OOH CY I AC I Fa 1 RS1 J RSO J ov 1 - J P OOH 

SBUF Serial data buffer 99H xxxxxxxxB 

9F 9E 90 9C 9B 9A 99 98 

SCaN' Serial port control 98H SMa I SM1 J SM2 J REN J TB8 I RB8 J TI J RI OOH 

SP Stack pointer 81H 07H 

8F 8E 80 8C 8B 8A 89 88 OOH 

TCON' Timer/counter control 88H TF1 1 TR1 J TFO J TRO I IE1 I ITt 1 lEO I ITO OOH 

TMOO Timer/counter mode 89H GATE I CIT I MI I MO I GATE I CIT I M1 I MO OOH 

THO Timer 0 high byte 8CH OOH 

TH1 Timer 1 high byte 80H OOH 

TLO Timer a low byte 8AH OOH 

TL1 Timer 1 low byte 8BH OOH 
, 

SFRs are bit addressable. 
# SFRs are modified from or added to the 8OC51 SFRs. 
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DESCRIPTION 
The Philips 8OC851/83C851 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The 8OC851/83C851 has the same 
instruction set as the 80CSI. The Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. The Philips 
epitaxial substrate minimizes latch-up 
sensitivity. 

The 8OC851/83C851 contains a 4k x 8 ROM 
with mask-programmable ROM code 

protection, a 128 x 8 RAM, 256 x 8 
EEPROM, 32110 lines, two IS-bit 
counterltimers, a seven-source, five vector, 
two-priority level nested interrupt structure, 
a serial 1/0 port for either multi-processor 
communications, 1/0 expansion or full duplex 
UART, and on-cllip oscillator and clock 
circuits. 

In addition, the 8OC851/83C851 has two 
soltware selectable modes of power 
reduction - idle mode and power-down 
mode. The idle mode freezes the CPU while 
allowing the RAM, timers, serial port. and 
interrupt system to continue functioning. The 
power-down mode saves the RAM and 
EEPROM contents but freezes the oscillator, 
causing all other chip functions to be 
inoperative. 

LOGIC SYMBOL 

November 25,1992 

FEATURES 
• 80CSI based architecture 

-4kx8ROM 

- 128X8 RAM 

- Two IS-bit counterltimers 

- Full duplex serial channel 

- Boolean processor 

• Non-volatile 256 X 8-bit EEPROM 
(electrically erasable programmable read 
only memory) 

- On-chip voltage multiplier for erase/write 

- 50,000 erase/write cycles per byte 

- 10 years non-volatile data retention 

- Infinite number of read cycles 

- User selectable security mode 

- Block erase capability 

• Mask-programmable ROM code protection 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 

• 1.2to 16MHz 

• Three package styles 

• Three temperature ranges 

• ROM code protection 

~ E}ADDRESS AND 
I§_ DATA BUS 

.. ---
}~ 
}~ill--
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PIN CONFIGURATIONS 

XTAL1 

Vss 

17 

18 

44 

11 

12 

28 

34 

22 

VDD 

PO.OIAIlO 

PO.1IAD1 

PO.21AD2 

po'3/AOO 

PO.41AD4 

PO.51AD5 

PO.61AD6 

PO.7/AD7 

P2.7/A15 

P2.6/A14 

P2.51A13 

P2.41A12 

P2.3/A11 

P2.21A10 

P2.1IA8 

P2.OIA8 

39 

28 

33 

23 

853-1466 05127 
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80C851/83C851 

ORDERING INFORMATION 

PHILIPS 
PART ORDER NUMBER 

PART MARKING 

ROM less ROM Version 
Version 

P80C851 FBP P83C851 FBP 

P80C851 FBA P83C851 FBA 

P80C851 FBB P83C851 FBB 

P80C851 FFP P83C851 FFP 

P80C851 FFA P83C851 FFA 

P80C851 FFB P83C851 FFB 

P80C851 FHP P83C851 FHP 

P80C851 FHA P83C851 FHA 

P80C851 FHB P83C851 FHB 

BLOCK DIAGRAM 

FREQUENCY 
REFERENCE 

~ 
XTAU XTALl 

NORTH AMERICA PHILIPS 
PART ORDER NUMBER 

ROM less ROM Version TEMPERATURE RANGE °c FREQ. 
Version AND PACKAGE (MHz) 

SBOC851-4N40 S83C851-4N40 o to +70, Plastic Dual In-line Package 1.2 to 16 

SBOC851-4A44 S83C851-4A44 o to +70, Plastic Leaded Chip Carrier 1.2 to 16 

SSOC851-4B44 S83C851-4B44 o to +70, Plastic Quad Flat Pack 1.2to 16 

SSOC851-5N40 S83C851-5N40 -40 to ..a5, Plastic Dual In-line Package 1.2 to 16 

SSOC851-5A44 S83C851-5A44 -40 to +85, Plastic Leaded Chip Carrier 1.2 to 16 

SSOC851-5B44 S83C851-5B44 -40 to ..a5, Plastic Quad Flat Pack 1.2 to 16 

SSOC851-6N40 S83C851-6N40 -40 to + 125, Plastic Dual In-line Package 1.2 to 16 

SSOC851-6A44 S83C851-6A44 -40 to +125, Plastic Leaded Chip Carrier 1.2 to 16 

SSOC851-6B44 S83C851-6B44 -40 to +125, Plastic Quad Flat Pack 1.2 to 16 

COUNTERS 

~ 
TO T1 

-1--i------------------------r--r---------- -I 
1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

OSCILLATOR PROGRAM DATA TWO 16-BlT 
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PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 

~ n ~ 
7[ 

0 J39 

PLCC 

17[ :J29 

'u! it 
Pin Function Pin -1 NC 23 NC 

2 Pl.0 24 P2.O/AB 

3 Pl.l 25 P2.lIA9 

4 Pl.2 26 P2.21Al0 

5 Pl.3 27 P2.31All 

6 PIA 28 P2.4IAI2 

7 Pl.5 29 P2.51AI3 

8 Pl.6 30 P2.6/AI4 

9 Pl.7 31 P2.7/AI5 

10 RST 32 !'SEN 
11 P3.01RxD 33 ALE 

12 NC 34 NC 

13 P3.11TxD 35 "Ell: 
14 P3.2IIlffll" 3B PO.7/AD7 

15 P3.3IIIiITf 37 PO.6/A06 
16 P3.4ITO 38 PO.51AD5 
17 P3.5IT1 39 PO.41AD4 

18 P3.6IWl! 40 PO.31A03 

19 P3.7/RO 41 PO.21AD2 

20 XTAL2 42 PO.lIADI 

21 XTAl1 43 PO.O/ADe 

22 vSS 44 VOO 
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PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 

ii ii 
1= 0 F=33 

PQFP 

11= F=23 

H H 
12 22 

Pin Funetion Pin FW'Cllon 
1 Pl.5 23 P2.51AI3 

2 Pl.6 24 P2.61AI4 

3 Pl.7 25 P2.7/AI5 

4 RST 26 PSEN 
5 P3.O/RxO 27 ALE 

6 NC 28 NC 

7 P3.11TxO 29 "Ell: 
8 P3.2IIRl1I 30 PO.7/AIJ7 

9 P3.3III'ITT 31 PO.61ADS 

10 P3.4IT0 32 PO.51A1l6 

11 P3.5ITI 33 POAlA04 

12 P3.6IWFI 34 PO.3fA03 

13 P3.7RO 35 PO.21AD2 

14 XTAl2 36 PO.l/ADI 

15 XTAll 37 PO.tlIADO 

16 VSS 38 VOO 
17 NC 39 VSS 
18 P2.o/AS 40 Pl.0 

19 P2.1/AS 41 Pl.l 

20 P22JA10 42 Pl.2 

21 P2.31A11 43 Pl.3 

22 P2.41AI2 44 Pl.4 
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PIN DESCRIPTION 

PIN NO. 

MNEMONIC DIP LCC QFP TYPE NAME AND FUNCTION 

Vss 20 22 16.39 I Ground: OV reference. 

VDD 40 44 38 I Power Supply: This is the power supply voltage for normal. idle. and power-down 
operation. 

PO.Q-{).7 39--32 43-36 37-30 110 Port 0: Port 0 is an open-drain, bidirectional 110 port. Port 0 pins that have 1 s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. 
In this application, it uses strong internal pull-ups when emitting 1 s. 

P1.O-Pl.7 1-8 2-9 40--44, 110 Port 1 : Port 1 is an 8-bit bidirectional 110 port with internal pull-ups. Port 1 pins that have 
1-3 1 s written to them are pulled high by the internal pull-ups and can be used as inputs. As 

inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: 11ll. 

P2.O-P2.7 21-28 24-31 18-25 110 Port 2: Port 2 is an B-bit bidirectional 110 port with internal pull-ups. Port 2 pins that have 
1 s written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull·ups. (See DC Electrical Characteristics: IILl. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull·ups when emitting 15. During accesses to external data memory 
that use B-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function 
register. 

P3.O-P3.7 10-17 11, 5, 110 Port 3: Port 3 is an B-bit bidirectional 110 port with internal pull-ups. Port 3 pins that have 
13-19 7-13 1 s written to them are pulled high by the internal pull·ups and can be used as inputs. As 

inputs, port 3 pins that are externally being pulled low will source current because of the 
pull·ups. (See DC Electrical Characteristics: IILl. Port 3 also serves the special features 
of the SCBOC51 family, as listed below: 

10 11 5 I RxD (P3.0): Serial input port 
11 13 7 0 TxD (P3.1): Serial output port 
12 14 B I INTO (P3.2): External interrupt 
13 15 9 I TNT1 (P3.3): External interrupt 
14 16 10 I TO (P3.4): TImer 0 external input 
15 17 11 I T1 (P3.S): TImer 1 external input 
16 18 12 0 WR (P3.6): External data memory write strobe 
17 19 13 0 "RO (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an 
external capacitor to VDD. 

ALE 30 33 27 1/0 Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one 
ALE pulse is skipped during each access to external data memory. 

~ 29 32 26 0 Program Store Enable: The read strobe to external program memory. When the device 
is executing code from the external program memory, PSEN is activated twice each 
machine cycle, except that two PSEN activations are skipped during each access to 
external data memory. PSEN is not activated during fetches from internal program 
memory. 

Ell 31 35 29 I External Access Enable: "during a RESET, EJ\ is held at TTL, level HIGH, the CPU 
executes out of the internal program memory ROM provided the Program Counter is less 
than 4096. " during a RESET, EJ\ is held a TTL LOW level, the CPU executes out of 
external program memory. EA is not allowed to floal. 

XTAl1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock 
generator circuits. 

XTAL2 lB 20 14 0 Crystal 2: Output from the inverting oscillator amplifier. 

November 25, 1992 1063 



Philips Semiconductors Microcontroller Products 

CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 

EEPROM 
Communications between the CPU and the 
EEPROM is accomplished via 5 special 
function registers; 2 address registers (high 
and low byte), 1 data register for read and 
write operations, 1 control register, and 1 
timer register to adapt the eraseIWrite time to 
the clock frequency. All registers can be read 
and written. Figure 1 shows a block diagram 
of the CPU, the EEPROM and the interface. 

Register and Functional 
Description 

Address Register (EADRH, EADRL) 
The lower byte contains the address of one of 
the 256 bytes. The higher byte (EADRH) is 
lor future extensions and for addressing the 
security bits (see Security Facilities). The 

EADRH register address is F3H. The EADRl 
register address is F2H. 

Data Register (EDAT) 
This register is required for read and write 
operations and also for rowlblock erase. In 
write mode, its contents are written to the 
addressed byte (for "row erase" and "block 
erase" the contents are don't care). The write 
pulse starts all operations, except read. In 
read mode, EDAT contains the data 01 the 
addressed byte. The EDAT register address 
isF4H. 

TImer Register (ETIM) 
The timer register is required to adapt the 
eraselWrite time to the oscillator frequency. 
The user has to ensure that the erase or write 
(program) time is neither too short or too 
long. 

Table 1. Values for the Timer Register (ETIM) 
VALUES FOR ETIM 

fXTALl 2ms WRITE TIME 10ms WRITE TIME 

HEX DEC HEX DEC 

1.0MHz - - 08 8 
2.0MHz 02 2 13 19 
3.0MHz 04 4 10 29 
4.0MHz 06 6 28 40 
5.0MHz 08 8 32 50 
6.0MHz OA 10 3C 60 
7.0MHz OC 12 47 71 
8.0MHz OE 14 51 81 
9.0MHz 10 16 5C 92 

10.0MHz 12 18 66 102 
11.0MHz 14 20 71 113 
12.0MHz 16 22 7B 123 
13.0MHz 18 24 
14.0MHz lA 26 
15.0MHz lC 28 
16.0MHz IE 30 

INTERRUPT 1 I 

SEQUENCER 8 
POWER-DOWN IDLE 

J 
RESET CLOCK 

GENERATOR 

ClK 
ECNTRl ETIM 

.< ~ .< CPU i" 
'-- r--- 8 
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The ETIM register address is F5H. Table 1 
contains the values which must be written to 
the ETIM register by software for various 
oscillator frequencies (the default value is 
08H after RESET). 

The general formula is: 

2ms Write time: 

Value (decimal, 
to be rounded up) 

10ms Write time: 

Value (decimal) 

fXTALl [kHz) -2 
512 

fXTAl1 [kHz) _ 2 
96 

Control Register (ECNTRL) 
See Figure 2 for a description of this register. 
The ECNTRl register address is F6H. 

"-
CONTROLI 

LOGIC B v 

EEPROM 

COLUMN 3 s§ DECODER I DECODER 

l' 

~ ~ 
I EDATA I I EADRH I I EADRL 1 

V 'v .} D D 
INTERNAL BUS I 

Figure 1. EEPROM Interface Block Diagram 
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Bit Symbol Function 
ECNTRL.7 IFE Active high EEPROM interrupt flag: set by the sequencer or by software; reset by software. 

When set and enabled. this flag forces an interrupt to the same vector as the serial port 
interrupt (see Interrupt section). 
EEPROM interrupt enable: set and reset by software (ac.1ive high), ECNTRL6 EEINT 

ECNTRL5 EWP Erasetwrite in progress flag: set and reset by the sequencer (active high). When EWP is set. 
access to the EEPROM is not possible. EWP cannot be set or reset by software. 

ECNTRL4 
ECCTRL3-
ECNTRLO 

Operation 

Byte mode 
Row erase 
Page write-
Page eraseJwrite· 
block erase 

Future products. 

Reserved. 
See table below. 

ECNTRL.3 

0 
1 
-
-
1 

ECNTRL2 ECNTRLl ECNTRLO 

0 0 0 
1 0 0 
- - -- - -
0 1 0 

Byte mode: Normal EEPROM mode, default mode after reset. In this roode. data can be read and written to one byte at 
a lime. 

Read mode: This is the default mode when byte roods is sel9CI:ed. This means that the contents of the addressed byte 
are available in the data register. 

Write mode: This roode is activated by writing to the data register. The address register must be loaded first. Since the 
aiel contents are read first (by defauh), this allows the sequencer to decide whether an eras&'Wr~e or write 
cycle only (data", OOH) is required. 

Row erase: In this mode, the addressed row is cleared. The three LSBs of EADRL are not significant, i.e. the 8 bytes 
addressed by EADRL are cleared in the same time norrMJly needed to clear one byte 
(tAOWEAASE :II: ~ '" tw). For the following write modes, only the write and not the erase/Wr~e cycle is 

required. For example, using the row erase mode, programmng 8 bytes takes lTOTeW. = IE + 8 X tw 

compared 10 tWTAL = 8 X tE + 8 X Iw (tE '" teRASE • Iw = tWRITE)' 

Page write: For future products. 

Page erase/write: For future products 

Block erase: In this mode all 256 bytes are cleared. The byte containing the secur~y bits is also cleared. tBLOCKERASE" tEo 

The contents of EADRH, EADRL and EDAT are insignificant. 
Program Sequences and Register Contents after Reset 

The contents of the EEPROM registers after a Reset are the default values: 
EADRH _ 1 xxxxxxxB (security bit address) 
EADRL = CIOH (security bit address) 
ETIM .. 08H (minimum erase time with the lowest permissible oscillator frequency) 
ECNTRL .ooH (Byte mode, read) 
EOAT = xxH (security bit) 

In~ialize: MQV ET1M, .. 
MOVEADRH, .. 

Read: MOV EADRL, .• 
MOV ... EDAT 

Write: MOV EADRL. .. 
MOVEDAT, .. 

Erase row: MOV EADRL, .. Row address. 3LSBs don't care 
MQV ECNTRL. #OCH Erase row mode 
MOV EDAT,.. (EDAT) don't care 

Erase block: MQV ECNTRL, OAH Erase block mode 
MOV EDAT,.. (EDAD don' care 

If the security bit is to be a~ered, the program generally starts as follows: 

MOV EADRH. #SOH 
MOV EADRL, 'ooH 

Figure 2. Control Register (ECNTRl) 
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Security Facilities 

EEPROM Protection 
The EEPROM is protected using four security 
bits which are contained in an extra 
EEPROM byte at address 8000H 
(EADRH/EADRL). They can be set or cleared 
by software. To activate the EEPROM 
protection, the program sequence in byte 
mode must be as follows: 

weN EADRH, #SOH 
MOV EADRL, #OOH 
MOV EDAT, #FFH 

If two or more of these bits are reset, SB = 0, 
the security mode is disabled and the 
EEPROM is not protected. If three or four bits 
are set, SB = 1 and the EA mode differs from 
the intemal access mode. 

In this case, access to the EEPROM is only 
possible in one mode regardless of how the 
extemal access mode is reached (by pulling 

RESET 

the EA pin low or by passing the 4K 
boundary). For SB = 1 and 'external access' 
only, the 'block erase' mode is enabled. The 
program sequence has to be as follows: 

MOV EADRH, #SOH (security byte address) 
MeV EADRL, #OOH (security byte address) 
MeV ECNTRL, #OAH (block erase mode) 
MeV EDAT, #xxH (start block erase) 

All 256 data bytes, the security bits, and SB 
will be cleared after completing this mode 
(EWP = 0). SB will also be affected in byte 
mode when writing to the security byte (not 
for SB = 1 and 'external access"). Figure 3 
illustrates the access to SB. 
ROM Code Protection 
Since the external access mode can only be 
selected by pulling the EA pin low during 
reset, it is not possible to read the internal 
program memory using the MOVC instruction 
while executing external program memory. 
Furthermore, it is not possible to change this 

REGISTERS EADRH AND 
EADRL CONTAIN THE 

ADDRESS OF THE 
SECURITY BYTE 
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mode to internal access within the MOVC 
cycle. 

Additionally, a mask-programmable ROM 
code protection facility is available. When the 
program memory passes the 4K boundary 
using both the internal and external ROMs, it 
is not possible to access the internal ROM 
from the external program memory if the 
mask-programmable ROM security bit is set. 
An access to the /ower 4K bytes of program 
memory using the MOVC instruction is only 
possible while executing internal program 
memory. 

Also the verification mode (test-mode which 
writes the ROM contents to a port for 
comparison with a reference code) is not 
implemented for security reasons. A different 
test-mode is implemented for test purposes. 
This mode allows every bit to be tested. 
However, the internal code cannot be 
accessed via a port 

Figure 3. EEPROM Protection (Functional and Flowchart) 
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OSCILLATOR 

CHARACTERISTICS 
XTAL 1 and XTAl2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 1060. 

To drive the device from an extemal clock 
source, XTAL 1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycfe of the external 
clock signal, because the input to the internal 
clock circuitry is through a dvide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 
A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vee and RST must 
come up at the same time for a proper 
start-up. 

Note: Before entering the idle or power-down 
modes, the user has to ensure that there is 
no EEPROM eraselwrite cycfe in progress 

(i.e., the EWP bit has to be reset before 
activating the idle or power-down modes; 
otherwise EEPROM accesses will be 
aborted). 

IDLE MODE 
In idle mode, the CPU puts itself to sleep 
while all of the on-dlip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-dlip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 
In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM and 
EEPROM are preserved. A hardware reset is 
the only way to terminate the power-down 
mode. The control bits for the reduced power 
modes are in the special function register 
PCON. Table 2 shows the state of the 110 
ports during low current operating modes. 

Table 2 External Pin Status During Idle and Power-Down Modes 
MODE PROGRAM MEMORY ALE PSEN PORTO 

Idle Intemal 1 1 Data 

Idle External 1 1 Float 

Power-down Intemal 0 0 Data 

Power-down External 0 0 Float 

ABSOLUTE MAXIMUM RATINGS1, 2, 3 

PARAMETER RATING UNIT 

Storage temperature range -05 to +150 °c 
Voltage on any other pin to Vss -0.5 to +6.5 V 

Input or output DC current on any single 110 pin ±5 mA 

Power dissipation (based on package heat trensfer limitations, 1.0 W 
not device power consumption) 

NOTES: 
1. Stresses above those listed under Absolute Maximum Ratings may ca~se permanen.t 

damage to the device. This is a stress rating only and functional operation ~f the deVIce at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. .. . . 

2. This product includes circuitry specifically designed for the protection of Its Internal deVices 
from the damaging effects of excessive s~tic c~rge. Nonetheless, it is sugges~d that 
conventional precautions be taken to aVOid applYing greater than the ~ted ma~lma. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to V ss unless otherwise noted. 
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INTERRUPT SYSTEM 
External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority~evel, nested inlBrrupt system is 
provided. Interrupt response latency is from 

3J.1.S to 7j1S when using a 12MHz crystal. The 
S83C851 acknowledges interrupt requests 
from 7 sources as follows: 
- TRm and TNT"f: externally via pins 12 and 

13, respectively, 

- Timer 0 and timer 1: from the two internal 
counters, 

- Serial port: from the intemal serial 110 port 
or EEPROM (1 vector). 

Each interrupt vectors to a separate location 
in program memory for its service program. 
Each source can be individually enabled (the 
EEPROM interrupt can only be enabled when 
the serial port interrupt is enabled) or 
dsabled and can be programmed to a high or 
low priority level. All enabled sources can 
also be globally disabled or enabled. Both 
external interrupts can be programmed to be 
level-activated and are active low to allow 
"Wire-ORing" of several interrupt sources to 
one input pin. 

Note: The serial port and EEPROM interrupt 
flags must be cleared by software; all other 
flags are cfeared by hardware. 

PORT 1 PORT 2 PORT 3 

Data Data Data 

Data Address Data 

Data Data Data 

Data Data Data 
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DC ELECTRICAL CHARACTERISTICS 
Tamb = oOC to +70oC (Voo = 5V±10%),-40°C 10 +85°C (VOO =5V ±10%), or-40°Cto +125°C (Voo = 5V±10%), Vss = OV 

PART TEST UMITS 

SYMBOL PARAMETER TYPE CONDITIONS MIN MAX 

VIL Input low voltage, except-g; 010 +700 C -0.5 0.2Voo-O·l 

-40to+85°C -0.5 0.2Voo-O.15 

-40 to 
-0.5 0.2Voo-O.25 

+125°C 

VILl Input low voltage 10 -g; Oto +700 C -0.5 0.2Voo-O.3 

-40to+85°C -0.5 0.2Voo-O.35 

-40 to 
-0.5 0.2Voo-O.45 

+125°C 

VIH Input high voltage, except XTAL I, RST 010 +700 C 0.2Voo+O·9 Voo+O·5 

-40 to +85°C 0.2Voo+l.0 Voo+O·5 

-40 to 0.2Voo+l.0 Voo+O·5 

+125°C 

VIHl Input high voltage, XTAL I, RST Oto +700 C O.7Voo Voo+O·5 

-4010+85°C O·7Voo+O.l Voo+O·5 

-40 to O·7Vo+O·l Voo+O.5 

+125°C 

VOL Output low voltage, ports I, 2, 3 6 10L= 1.6mA4 0.45 

VOLl Output low voltage, port 0, ALE, PSEJi[6 IOL=3.2mA4 0.45 

VOH Output high voltage, ports I, 2, 3, ALE, PSEJi[ 10H = -GOlIA, 2.4 
IOH = -251JA, 0.75Voo 
IOH = -1011A 0.9Voo 

VOHl Output high voltage, port 0 in extemal bus IOH = -800IJA, 2.4 
mode5 10H = -300IlA, 0.75Voo 

10H =-801JA 0.9Voo 

IlL Logical 0 input current, ports I, 2, 3 010 +700 C VIN =0.45V -50 

-40to+85°C -75 

-40 to -75 

+125°C 

ITL Logical 1-10-0 transition current, ports I, 2, 3 010 +700 C VIN=2.0V -050 

-40 to +85°C -750 

-40 to -750 

+125°C 

1L1 Input leakage current, port 0, -g; 0.45V<VI<Voo ±10 

100 Power supply current: See note 7 
Active mode@ 16MHz 1 19 
Idle mOde@ 16MHz 2 3.7 
Power down mode 3 50 

RRST Internal reset pull-down resislOr 50 150 

CIO Pin capacitance f=IMHz 10 

NOTES: 
1. The operating supply current is measuned with all output pins disconnected; XTAL 1 driven with t, = Ir = 5ns; VIL = Vss +0.5V; 

VIH = Voo - 0.5V; XTAL2 not connected; -g; = RST = Port 0 = Voo. 
2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t, = Ir = 50s; VIL = Vss +O.5V; 

VIH = Voo - 0.5V; XTAL2 not connected; -g; = Port 0 = Voe; RST = Vss. 

UNIT 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 

V 

V 
V 
V 

V 
V 
V 

IJA 
IJA 
IJA 

IJA 
IIA 
IJA 

IJA 

mA 
rnA 
IIA 
k.Q 

pF 

3. The power.oown current is measured with all oulput pins disconnected; XTAL2 not connected; -g; = Port 0 = Vee; RST = XTAL 1 = Vss. 
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 

1 and Port 3. The noise is due 10 external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-10-0 
transition during bus operations. In the worst cases (capacitive loading> l00pF), the noise pulse on the ALE line may exceed 0.8V. In such 
cases it may be desireable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEJi[to momentarily fall below the 0.9Voo 
specification when the address bits are stabilizing. 

6. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 
Maximum IOL per Port pin: 10mA 
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Maximum IOl per 8-bit port-
PortO: 26mA 

Ports 1,2, and 3: 15mA 
Maximum total 10l for all output pins: 71mA. 
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If IOl exceeds the test condition, VOl may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

7. See Figures 11 through 14 for 100 test conditions. 
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AC ELECTRICAL CHARACTERISTICS 1 , 2 

SYMBOL FIGURE PARAMETER 

lltcLCL 4 Oscillator frequency 

It.HLL 4 ALE pulse width 

t.\VLL 4 Address valid to ALE low 

It.LAX 4 Address hold after ALE low 

It.LlV 4 ALE low to valid instruction in 

It.LPL 4 ALE low to PSEN low 

IpLPH 4 PSEN pulse width 

IpLiV 4 l'SER low to valid instruction in 

IpXIX 4 Input instruction hold after 1'SER 

IpXIZ 4 Input instruction float after 1'SER 

IAVN 4 Address to valid instruction in 

IpLAZ 4 1'SER low to address float 

Data Memory 

tRLRH 5,6 RO pulse width 

tWLWH 5,6 WR pulse width 

tRLOV 5,6 RU low to valid data in 

tRHOX 5,6 Data hold after RO 

tRHOZ 5,6 Data float after RO 

It.LDV 5,6 ALE low to valid data in 

tAVOV 5,6 Address to valid data in 

tLLWL 5,6 ALE low to RO or WR low 

tAW 5,6 Address to RO or WR 

taw 5,6 Data setup time before WR 

tavwx 5,6 Data valid to WR transition 

tWHQX 5,6 Data hold after WR 

tRLAZ 5,6 RO low to address float 

tWHLH 5,6 RO or WR high to ALE high 

External Clock 

fcHCX 8 High time 

fcLCX 8 Low time 

IcLCH 8 Rise time 

fcHCL 8 Fall lime 

Erase/write timer constant3 

IENI Eraselwrite cycle time 

Ie Erase time 

tw Write time 

ts Data retention time' 

NEIW Eraselwrite cycless 
NOTES: 

16MHzCLOCK 

MIN MAX 

85 

8 

28 

150 

23 

143 

83 

0 

38 

208 

10 

275 

275 

148 

0 

55 

350 

398 

138 238 

120 

288 

3 

13 

0 

23 103 

20 

20 

20 

20 

4 20 

2 10 

2 10 

10 

50,000 

1. Parameters are valid over operating temperature range unless otherwise specified. 

Product specification 

80C851/83C851 

VARIABLE CLOCK 

MIN MAX UNIT 

1.2 16 MHz 

21cLCL--40 ns 

fcLCL-55 ns 

fcLCL-35 ns 

41cLCL-l00 ns 

fcLCL--40 ns 

31cLcL-45 ns 

3fcLCL-l05 ns 

0 ns 

fcLCL-25 ns 

5tcLCL-l05 ns 

10 ns 

6tcLCL-l00 ns 

61cLcL-l00 ns 

51cLcL-165 ns 

0 ns 

2tcLCL-70 ns 

8IcLcL-150 ns 

91cLcL-165 ns 

3fcLCL-50 3fcLCL+50 ns 

4fcLCL-130 ns 

7fcLCL-150 ns 

fcLCL-60 ns 

tcLCL-50 ns 

0 ns 

tcLCL-40 tcLCL+40 ns 

20 ns 

20 ns 

20 ns 

20 ns 

4 20 ms 

2 10 ms 

2 10 ms 

10 years 

50,000 cycles 

2. Load capacitance for pori 0, ALE, and 1'SER : 100pF, load capacitance for all other outputs: 8OpF. 
3. The power~ff fall-time of Voo must be less than 1 ms to prevent an overwrite pulse from being generated in the EEPROM which can cause 

spurious parasitic writing to EEPROM cells. If the Voo power~ff full-time is greater than 1 ms, a power~ff reset signal should be generated 
to prevent this condition from occurring. 

4. Test condition: Tani>: +55°C. 
5. Number of eraseiwrite cycles for each EEPROM byte. 
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EXPLANATION OF THE 
ACSYMBOLS 
Each timing symbol has five characters. The 
first character is always 'r (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 
A - Address 
C- Clock 
D - Input data 
H - Logic level high 
I - Instruction (program memory contents) 

ALE 

PORTO 

PORT 2 

ALE 

PORTO 

PORT 2 

November 25, 1992 

L - Logic level low, or ALE 
P - l'SEN 
a - Output data 
R - lID signal 
t - Time 
V - Valid 
W- WRsignai 
X - No longer a valid logic level 
Z - Float 
Examples: tAVLL = Time for address valid to 

ALE low. 
ILLPL = Time for ALE low to 

l'SENlow. 

Figure 4. External Program Memory Read Cycle 

tWHLH 

tllDV -I 
tRlRH -----;.j 

P2.G-P2.7 OR A8-A15 FROM DPH 

Figure 5. External Data Memory Read Cycle 
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AO-A7 

AO-A7 FROM Pel It/STAIN 

A8-A15 FROM PCH 
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ALE 

--14--- tWlWH -------+I 
WR ______ ---!I--____ -..I 

tovwx 
~-+I----1Qw ----~ 

PORTO DATA OUT 

PORT 2 P2.0-P2.7 OR A8-A,S FROII DPH 

tWHLH 

Figure 6. External Data Memory Write Cycle 
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AO-A7 FROM PCl INSTAIN 

A8-A,S FROII PCH 

10------- ONE MACHINE CYCLE ONE MACHINE CYCLE -------01 

XTALl 
INPUT 

ALE 

PSEN 

WR 

p, s~ 1P1 S~ Ip1 ~2 Ip1 ~ Ip1 S~ Ip1 S:2 P1 S~2 Ip1 S~ Ip1 S3P2 Ip1 s:. Ip1 S:2 Ip1 S&p2 

ADDRESS,'-____ ...J FLOAT EXTERNAl{PO:~~ 
P~~~~ PORT2-------,L __________________ -Jr---A-D-D-R-ES-S-TR--A-~~n-ONS----,L __________________ -Jr--------------

FETCH (EXTERNAL) I 
PORT OLD DATA 

OUTPUT NEW DATA 

PORT 
INPUT 

__________________ ~r_l~ ________________________ ~r_l~ ____ __ 

SERIAL 
PORT 

(SHIFT CLOCK) 

November 25, 1992 

SAIIPUNG TIllE OF 1/0 PORT PINS DURING INPUT ONCWDlNG IN1lI AND IIITl) 

L..--. ____ ~.____ 

Figure 7. Instruction Timing 
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Table 3. External Clock Drive XTAL 1 
Oscillator circuitry: The capacities connected to the crystal should be: Cl = C2 = tbf. 

VARIABLE CLOCK 
f = 1.2 -16MHz 

SYMBOL PARAMETER MIN MAX UNIT 

IcLcL Oscillator clock period 63 833 ns 

iHIGH HIGH time 20 IcLcL -tow ns 

1Low LOW time 20 IcLcL - iHIGH ns 

t, Rise time - 20 ns 

It Fall time - 20 ns 

Icv Cycle time' 0.75 10 ns 

NOTE: 
1. Icv = 121cLcL· 

Voo-O.S 

O.4SV 
O.7Voo 

O.2VSS-O·l 2.

4V =X >C 2.0V 

O.BV 
O.45V -

NOTE, 
AC inputs during testing are driven at 2.4V for a logic '1' and O.4SV for a logic '0', 
Timing measurements are made at 2.0V min for a logic '" and O.BV fora logic '0', 

Figure 8. External Clock Drive 

VLOAO-Hl·1V 

VLOAO'-----< 

NOTE, 

liMING 
REFERENCE 

POINTS 

Figure 9. AC Testing Input/Output 

VoH-O·1V 

For timing purposes. a pon is no longer floating when a 1 OOmV change from load voltage occurs, and begins to float when a 1 OOmV change 

from the loaded VOHNOL levet occurs. loH'IoL ~ ± 20mA. 

Figure 10. Float Waveform 

VOO 

VOO 

RST 

(NC) XTAL2 

CLOCK SIGNAL XTAl1 

1 Vss 
'----------' 

Figure 11. 100 Test Condition, Active Mode 
All other pins are disconnected 
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VOO 
RST 

PO 

- Ell" 

(NC) XTAL2 

CLOCK SIGNAL XTAl1 

Vss 

Figure 12. 100 Test Condition, Idle Mode 
All other pins are disconnected 

VOO 
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VOD'·o.s - - - - ~-"""" 

o.sv 

Figure 13. Clock Signal Waveform for 100 Tests 
in Active and Idle Modes 

tcLcH = tcHCL = Sns 
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RST 

(NC) XTAL2 

Figure 14. 100 Test Condition, Power Down Mode 
All other pins are disconnected. 

VDO = 2V 10 S.SV 
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FEATURES 

• 8·bit CPU 

• 6K bytes of user program memory (ROM), no external 
extension 

• 256 bytes of RAM data memory (RAM), no external 
extension 

• 2K bytes EEPROM: 

• EEPROM stores data or program 

• on·chip voltage multiplier for EEPROM 
ERASElWRITE 

• ERASElWRITE cycle time independent of the clock 
frequency 

10000 ERASEIWRITE cycles per bytes 

10 years non· volatile data retention 

infinite number of READ cycles 

error code correction 

• Calculation unit for cryptographic calculations 

• Security features 

• Power·ON/OFF reset circuit 

• low frequency detector 

• Two 16·bit timers 

• Clock frequency range 1 MHz to 6 MHz; 1 I.IS cycle 
time with 6 MHz dock frequency 

• Two I/O lines; only one I/O line is used in half·duplex, 
according to the ISO standards for the Smart Card 
applications; full·duplex communication can be 
performed with both I/O lines 

• 5 interrupt sources from: I/O lines; Timer 0; Timer 1; 
EEPROM; Calculation unit 

• Power·down and idle mode 

• Two operating modes: test mode and user mode 

• Single 5 volts power supply 

• 6 pins: Voo, Vss' 1/01, 1/02, RESET, ClK 

QUICK REFERENCE DATA 

SYMBOL PARAMETER 

Voo supply voltage range 

100 supply current 

100 supply current: operating modes 

I,D supply current: idle mode 

PIo! total power dissipation 

T~, storage temperature range 

Tamb operating ambient temperature range 
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GENERAL DESCRIPTION 

The 83C852 single chip secured microcontroller is 
manufactured in an advanced 1.2 I.ICMOS process. It is 
a derivative of the 80C51 microcontroller family and has 
the same instruction set as the 80C51. It has been 
specially designed for conditional access in secure 
Smart Card applications and is implemented with the 
highest levels of security. 

Its internal calculation unit speeds·up cryptographic 
calculations using Public Key Algorithms. 

Cryptographic calculations 

At fCLK = 6 MHz: X· mod.n is performed in 1.5 s 
typical, with 512 bit operands. 

External communications can be performed through a 
serial interface (I/O) according to ISO standards. The 
serial interface must be controlled by application 
software for access to the 83C852 intemal memory. 

The 83C852 contains a 6K bytes READ only memory 
(user ROM); a 256 bytes READIWRITE data memory 
(RAM); 2K bytes electrically erasable programmable 
READ only memory (EEPROM); two I/O lines; two 16·bit 
timers; five vectorized interrupt sources; 33 Special 
Function Registers (SFRs) and a Calculation Unit to 
speed·up the execution time of public keys and secret 
keys cryptographic algorithms. 

The 83C852 operates with a single 5 volts power supply 
and at a maximum clock frequency of 6 MHz. The 
instruction set consists of over 100 instructions: 49 
one·byte, 45 two·byte and 17 three·byte. With an input 
clock frequency of 6 MHz, 58% of the instructions are 
executed in 1 I.IS and 40% in 2 I.Is. 

CONDmON MIN. MAX. UNIT 

4.5 5.5 V 

fCLK = 3.57 MHz - 10 rnA 

feLK = 6.0 MHz - 15 rnA 

felK = 6.0 MHz - 3 rnA 

- 1 W 

-65 150 °C 

0 70 °C 
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ORDERING INFORMATION 

EXTENDED TYPE PACKAGE 

NUMBER PADS PAD POSITION MATERIAL CODE 

83C852 die 6 X Y coordinates die -

83C852P tbf tbf plastic OIL tbf 

Voo Vss ClK 

I I 
1 1 

POWER-ON/OFF 
ROM RAM EEPROM 

RESET 6 K BYTES 256 BYTES 2 K BYTES 

err PROGRAM DATA 
DATA & 

MEMORY MEMORY PROGRAM 

LOW FREQUENCY MEMORY 
DETECTOR 

11 11 I @]~ CPU 

li D ~ I 
INTERRUPT I 

CALCULATION PROGRAMMABLE TWO 16-81T 
SYSTEM UNIT 110 TIMERS 

i i 
1 1 M/1A,'40 

RESET 1/01 1/02 

Fig.l Block diagram. 
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PINNING 

SYMBOL 
PIN 

DESCRIPTION 
(PAD) 

VOD Cl +5 volts power supply pin during 
normal operation, idle mode and 
power-down mode 

RESET C2 
active LOW input that initializes the 
processor 

ClK C3 external clock input. The internal 
clock frequency = the external 
clock frequency 

Ves C5 ground 

1/01 C7 quasi bi-directional port (TIL 
compatible), the user's program 
must include routines able to 
handle an asynchronous serial 
communication through a single 1/0 
port (for half-duplex) 

1/02 CB quasi bi-directional port (TIL 
compatible) 

ASSIGNMENT OF ISO/83C852 SMART CARD CONTACTS 

ie1 l ICS] 

~2J LC6J 
C3 , 
-

r- -, ICe L':4J MBA90" 

contact aSSignments are specified in part 2 of ISO 7816 

I 
vss--O C5 

01 --0 C7 

'02--0C8 

Preliminary specification 

83C852 

I 
C10-Voo 

C20- RESET 

C30iGLK 

~------------------~ 

Fig.2 Pinning diagram. 

CONTACTS 
ISO 83C852 

ASSIGNMENTS ASSIGNMENTS 

Cl Vee Voo 
C2 RESET RESET 

C3 ClK ClK 

C4 reserved not connected 

C5 GND Vss 

C6 Vpp not connected 

C7 1/0 used for 1/01 

CB reserved reserved for 1/02 

Fig.3 Contact aSSignments. 
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FUNCTIONAL DESCRIPTION 

General 

The 83C852 is specially designed for secured 
applications such as conditional access and transactions 
in a Smart Card environment. It has a Calculation Unit 
which makes the microcontroller dedicated to 
asymmetric crypto systems. Special Function Registers 
(SFRs) are available to the user to manipulate memory 
transactions and calculation unit operations. 

The address bus of the EEPROM is mixed to prevent 
fraudulent access and optical scanning. The EEPROM 
has an hardware error code correction which guarantees 
the data content integrity.The 83C852 is able to read and 
modify a part of the internal program memory contained 
in EEPROM. 

The 83C852 has two software selectable modes of 
reduced activity for further power reduction, the idle 
mode and power-down mode: 

• the idle mode freezes the CPU while allowing the 
RAM, the timers and the interrupt system to continue 
functioning. 

• the power-down mode saves the RAM content and 
disables all other chip functions. 

The 83C852 has 33 SFRs available for use by the user 
(see Table 23). The functional descriptions and usage of 
the SFRs as they co-relate to the RAM, EEPROM and 
the calculation unit activities, are described within the 
following sections. 

Memory organisation 

The central processing unit (CPU) manipulates operands 
in three memory spaces, (see Fig. 4) these are: 

• 6K-byte internal program memory (ROM) 

• 2K-byte program and data memory (EEPROM) 

• 256-byte internal data memory (RAM). 

The 256-byte internal RAM memory address space is 
sub·divided into: 

• 128-byte internal data RAM locations 00 to 7FH. This 
address space is accessible with direct and indirect 
addressing 

• 128-byte internal data RAM locations 80H to FFH. 
This address space is accessible with indirect 
addressing only 
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• 128-byte Special Function Register (SFR) address 
space 80H to FFH. This address space is parallel to 
the upper 128 byte RAM. It is accessible with direct 
addressing only. 33 SFRs reside inside this area, the 
remaining address space in between is unused. 

EEPROM 

The EEPROM has a capacity of 2K bytes (words) see 
Fig. 5. With its built-in error correction hardware the 
EEPROM is a very reliable non-volatile memory. In 
addition to each single stored data byte, 4 extra "parity" 
bits are stored in EEPROM. Single-bit errors per byte are 
automatically corrected when reading the memory. It can 
be accessed by both CPU and calculation unit (however, 
not at the same time). 

Programming of the EEPROM is completely controlled 
by the EEPROM's sequencer. The EEPROM can be 
used either both as data memory and program memory 
for the CPU, or as data memory for the calculation unit. 

EEPROM AS DATA MEMORY: 

When the CPU executes opcodes from internal ROM 
(program address < 8000H), the EEPROM can be used 
as a data rnemory. The communication between CPU 
and EEPROM is performed via 6 SFRs (see Table 1), 
these comprise: 

• 2 EEPROM (SFRs) address registers (HIGH and 
LOW address byte) 

• 1 EEPROM (SFR) data register for READ and WRITE 
operations 

• 2 EEPROM (SFRs) control registers to select the 
various operating and test modes 

• 1 EEPROM (SFR) timer register to adapt the 
ERASElWRITE time to the operating clock frequency. 

EEPROM AS PROGRAM MEMORY: 

When the program counter is higher than 7FFFH, the 
EEPROM is used as a program memory. The CPU 
fetches opcodes directly from the EEPROM . .EAQB!:!. 
EADRL 1 and EDAT registers cannot be written. Their 
contents in this mode are irrelevant. 

Reading data from the EEPROM can still be done with 
the MOYC instnuction. but EEPROM write operation is 
not possible. The EEPROM can only be wrillen by 
software executed from the ROM area (program address 
< 8000H). 
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EEPROM I>S DATA MEMORY FOR THE CALCULATION UNIT: 

Communication between calculation unit and EEPROM 
is performed via SFRs (see Table I), these comprise: 

• 2 EEPROM SFRs address registers (one HIGH and 
one of two alternate LOW address bytes) 

• calculation unit SFRs. 

The EEPROM data output is directly connected via a 
special bus to the data registers of the calculation unit. 
The calculation unit has direct READ access to the 
EEPROM. 

During memory access, the EEPROM is addressed by 
one of two address pointers EADRL 1 or EADRL2. Both 
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pointers are loaded by the CPU and decremented by the 
calculation unit's sequencer. EADRL 1 or EADRL2 supply 
the LOW byte (LSB) of the EEPROM address. The HIGH 
byte (MSB) of the EEPROM address is taken directly 
from the EADRH register. The access to the EEPROM 
from the calculation unit, is controlled by the calculation 
unit SFRs . 

When the access to EEPROM by the calculation unit is 
active, the EEPROM is not accessible by the CPU, 
neither as data memory nor as program memory. When 
the calculation unit is operating, but not accessing the 
EEPROM, the CPU can READ, WRITE and EXECUTE 
EEPROM. 

FFHr-------------~ 
.

, 128 BYTES RAM 
7FFH .-----FA-B-K-E-Y-S---~ 

7FOH 1------=--=------, ~ 

November 1991 

INDIRECT ADDRESSING 
SOH TO FFH 

FFHr--L----------~ 

SFRs 

DIRECT ADDRESSING 

~~~ 1----------------1 

128 BYTES RAM 
OIRI::Cl & 

INDIRECT ADDRESSING 

OOL-------------~ 

EEPROM 

2 KBYTES 
DATA + CODE 

. " / 

:~" USER:"/ 

AREA / 

000 / 

t 
EADRH, 
EADRL1 

OAT A MEMORY AREA 

Fig.4 Memory map. 
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f-L.L,~~C..L..L, 87FFH r -+...,--r;.~...,.-,.i 8000 

17FFH 

6 K BYTES 

USER ROM 

L ________ ---.l 0000 

t 
program 
counter 

PROGRAM MEMORY AREA 
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EEPROM SFRs 

Table 1 provides a listing of the EEPROM associated SFRs: 

Table 1 EEPROM SFRs 
--

NAME SFRADDRESS FUNCTION 

The communication between the CPU and the EEPROM is performed via the following SFRs: 

EADRLI OF2H address register (LSB) 

EADRH OF3H address register (MSB) 

EDAT OF4H data register 

ETIM OF5H EEPROM timer register 

ECNTRL1 OF6H control register for normal operation modes 

ECNTRL2 OF7H control register for special test modes 

The communication between the calculation unit and the EEPROM is performed via the following SFRs: 

EADRL2 OF1H address pointer 2: LSB of the EEPROM address 
(WRITE: reload EADRL2 register; READ: read counter) 

EADRLI OF2H address pointer 1: LSB of the EEPROM address 
(WRITE: reload EADRL 1 register; READ: read counter) 

EADRH OF3H address register (MSB) 

Two address pointers (SFRs) are necessary for EEPROM access by the calculation unit. SFRs EADRH and either 
EADRL 1 or EADRL2 

EEPROM SFR descriptions 

EADRH 

EADRH is an 8-bit register (SFR), used as an address 
pointer, it is loaded from the CPU and contains the 
highest byte (MSB) of the EEPROM address. Only bits 
EADRH.7, 2, 1,0 are relevant. Default value after reset 
is 'I OOOOOOOB'. 

EADRL 1, EADRL2 

EADRL 1 is an 8-bit register (SFR), used as an address 
painter, it is loaded from the CPU. Its contents are 
transferred into an 8-bit down counter which provides the 
LOW byte (LSB) of the EEPROM address. The CPU has 
WRITE access to the EADRL 1 register and READ 
access to the down counter. 

Default value after reset of both the EADRL 1 register 
and associated down counter are DOH. The transfer of 
EADRL 1 to the down counter and the decrement are 
controlled by the calculation unit. The behaviour of 
EADRL 1 depends on whether or not there is an access 
in progress from the calculation unit to the EEPROM. 

No access from the calculation unit to the EEPROM: 
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• when there is no active access to the EEPROM from 
the calculation unit, the contents of the EADRL 1 
register are continuously loaded into its associated 
down counter. There is no hardware-decrement of the 
down counter. The combination of EADRL 1 plus it's 
down counter behaves therefore as a normal register. 
In thiS mode, the LOW address byte of the EEPROM 
is always supplied by EADRL 1 . EADRL2 behaves 
similar to EADRL 1 but it is not used for EEPROM 
addressing. Its contents are irrelevant. 

Calculation unit access to the EEPROM: 

• EADRL 1 is the EEPROM LOW address painter used 
to address an operand (Ai) stored in the EEPROM. At 
the beginning of the calculation unit's computation 
cycle, the address content of the EADRL 1 is loaded 
into it's associated down counter. During the 
calculation, further EADRL 1 address transfers to the 
down counter stop. whilst the down counter is 
decremented by the calculation unit's sequencer. 
During a calculation, the EADRL 1 register can be 
reloaded from the CPU with a new address. This new 
address will then be used during the next calculation. 
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• EADRL2 (SFR) is the second EEPROM LOW 
address pointer which is required lor some operations 
of the calculation unit. It is used to address an 
operand (Xi) stored in the EEPROM. The lunction 01 
EADRL2 is similar to EADRL 1 lunction. EADRL2 
cannot be used as a second address register lor 
normal CPU access to the EEPROM. 

Data register EDAT 

This register (SFR) is used to read data Irom the 
currently addressed EEPROM byte. When EDAT is 
written during BYTE MODE, it's contents will be 
programmed into the addressed EEPROM byte. When 
EDAT is written during ROW ERASE or BLOCK ERASE 
mode, the ROW ERASE or BLOCK ERASE operation is 

Table 2 ETIM timer values 
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started. In this mode, the data written to EDAT is then 
irrelevant. The ECNTRL 1 status bits EWP and IFE 
indicate whether the EEPROM ERASElWRITE operation 
is still active. Whilst the EEPROM programming is in 
progress, rewriting data to EDAT is not allowed. 

Timer register ETIM 

The ETIM timer register (SFR) is required to adapt the 
ERASEIWRITE time to the clock frequency. ERASE (t.) 
and WRITE (t,,) times 01 5 ms each are required. The 
user has to ensure that the ERASE or WRITE time is 
neither too short nor too long. Table 2 gives values lor 
ETIM register lor given clock frequencies. ETIM has to 
be loaded by software in advance to the first 
ERASEIWRITE operation. ETIM's default value after 
reset is 'aSH'. 

The general formula is: Value (decimal) =(ICLK kHzll02.4)-2 

VALUES FOR ETIM 
OPERATING 

BINARY 
ICLK MHz HEXADECIMAL DECIMAL 

MSB LSB 

1.0 0000 1000 S 8 

2.0 0001 0010 12 18 

3.0 0001 1011 lB 27 

357 0010 0001 21 33 

4.0 0010 0101 25 37 

4.92 0010 1110 2E 46 

50 0010 1111 2F 47 

6.0 0011 1001 39 57 
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Control register ECNTRLl 

ECNTRL 1 is the control register (SFR) for the several user operation modes of the EEPROM. 

Table 3 ECNTRL 1 SFR 

IFE I EEINT I EWP I - OPERATION MODE SELECT 

7 I 6 I 5 J 4 3 2 1 0 

BYTE MODE -> 0 0 0 0 
ROWERASE -> 1 1 0 0 
BLOCK ERASE -> 1 0 1 0 
TEST MODE -> 1 1 1 1 

Table 4 Description of the ECNTRL 1 bits 

SYMBOL I PARAMETER FUNCTION 

ECNTRL1.7 

IFE. interrupt flag EEPROM set by the EEPROM sequencer after completion of an EEPROM WRITE access. or 
set and reset by software. When (IFE is set 1 and EEINT is set 1). an interrupt 
request is done. Interrupt vector 0023H will be forced if the bits EAand EE inside 
the interrupt Enable Register IE are also set 1. 

ECNTRL1.6 

EEl NT. enable EEPROM set and reset by software. Enables an EEPROM interrupt request when HIGH. 
interrupt 

ECNTRL1.5 

EWP. ERASElWRITE in set and reset by the EEPROM sequencer. EWP is active HIGH during EEPROM 
progress write operations. Consecutive write operations to EDAT are not allowed as long as 

EWP is set. EWP cannot be set or reset by software. 

ECNTRL1.4 

- reserved. 

ECNTRL1 bits 3, 2, 1, 0 

operation mode select: normal E'PROM mode, default mode after reset. In this mode READ or WRITE 
BYTE MODE (0000) access to one byte at a time is possible. 

READ mode This is the default mode when BYTE MODE is selected. The contents of the 
addressed byte are available in the data register EDAT. 

WRITE mode This mode is activated after loading of the data register EDAT with the data byte to 
be written. Before writing EDAT, the address registers EADRL 1 and EADRH must 
be loaded first. Depending on the previous contents of the addressed memory 
cells. the EEPROM sequencer decides whether to do a WRITE cycle (t.). or a 
combined ERASElWRITE cycle (I" + 1..). A WRITE cycle is carried out when the 
previous memory content has been OOH. Otherwise an ERASElWRITE cycle is 
carried out. 
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SYMBOL / PARAMETER FUNCTION 

operation mode select: in this mode the contents of the addressed memory row will be erased. The three 
ROW ERASE (1100) LSB's of EADRL 1 are not significant, i.e. 8 bytes addressed by EADRL 1 will be 

cleared in the same time normally needed to clear one single byte (tROW ERASE = t,,). 
The ROW ERASE operation can be started by writing the EDAT register. The data 
that is written to EDAT is not significant. Writing of the erased 8 memory cells then 
takes only 8 WRITE cycles. This is much faster than writing 8 data bytes without a 
previous ROW ERASE. Such an operation would have taken a total = 8 t" + 8 t •. 

operation mode select: in this mode all memory cells of the EEPROM will be cleared. The BLOCK ERASE 
BLOCK ERASE (1010) operation can be started by writing EDAT. The contents of the data and address 

registers EDAT, EADRL 1, EADRH are don't care. 

operation mode select: the selection of a specific EEPROM TEST MODE within the ECNTRl2 register is 
TEST MODE (1111) only possible when the ECNTRL 1 register is switched in advance to TEST MODE. 

Control register ECNTRL2 

ECNTRl2 is the control register (SFR) for the several test modes of the EEPROM. 

Table 5 ECNTRL2 SFR 

READ ONLY READIWRITE 

SP3 I SP2 I SP1 I SPO TM3 TM2 TM1 TMO 

7 I 6 I 5 I 4 3 2 1 0 

NOTEST .... a a 0 a 
READ EEPROM WITHOUT ERRORCORRECTION .... 1 0 1 1 

Table 6 Description of the ECNTRl2 bits 

SYMBOL / PARAMETER FUNCnON 

ECNTRL2 bits 7, 6, 5, 4 

SP3, SP2, SP1, spa this part of the ECNTRl2 register is READ only. The upper 4 bits of ECNTRl2 
carry either the syndrome word which is generated by the EEPROM error 
correction logic or the parity bits stored in parallel to the data word in EEPROM 
memory. The syndrome word is always output during BYTE MODE READ 
(EWP = 0). A value of 'OOOOB' means that no error has been detected/corrected. 
The parity bits are output during READ EEPROM WITHOUT 
ERRORCORRECTION TESTMODE or while EWP = 1. 

ECNTRL2 bits 3, 2, 1, 0 

TM3, TM2, TM1, TMO this part of ECNTRL2 register is READIWRITE. The lower 4 bits of ECNTRL2 are 
used to select one of the EEPROM test-modes. The selection of any test-mode is 
only possible if ECNTRL 1 has been set to 'XXXX1111 B' before. Otherwise TM3, 
TM2, TM1, TMO are held at 'OOOOB'. 
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RAM 

The RAM has a capacity of 256 bytes. It can be 
accessed by both CPU and calculation unit (however. not 
at the same time). The CPU has full READ and WRITE 
access to the RAM only when the calculation unit is not 
operating. 

When the calculation unit is operating. it reads and writes 
data from/to the RAM via a separate channel. In order to 
avoid possible accesS conflicts. the CPU cannot read or 
write the RAM at this time. This condition places some 
restrictions to the operations of the CPU: 

• no subroutine calls possible while calculation unit is 
active 

• register operations (e.g. MOV A.RO) are not possible 

• stack pointer operations (PUSH. POP) are not 
possible 

• interrupt requests are not granted while the 
calculation unit is active. 

In the RAM address space. only the SFRs can be read 
and written by the CPU whilst the calculation unit is 
active. 

RAM address pointers 

The calculation unit uses 4 RAM pOinters to address the 
RAM during it's direct memory access: AIPR. XIPR. 
AOPR and APR. 

ADDRESS POINTERS AIPR. XIPR. AOPR 

AIPR and XIPR pointers address the operand fields Ai 
resp. Xi inSide RAM. while AOPR addresses a RAM area 
Ao where the calculation result is to be stored. Each 
painter consists of an 8-bit register with associated 8-bit 
down counter. The counter provides a RAM address. It is 
parallel loaded from it's register. 
The CPU has WRITE access to the registers and READ 
access to the counters. Default values after reset for all 
registers and counters are OOH. The data transfer from 
the registers to their down counters and the counter 
decrement are controlled by the calculation unit. 
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ADDRESS POINTER APR 

This is an S-bit up counter which is used to address the 
A[3-0] operand field in RAM. It can be read and written 
by the CPU. Default value after reset is DOH. APR is 
incremented under the control of the calculation unit. 

RAM address pointer modes 

The following RAM address pointer modes apply: 

The calculation unit is at standby: 

• there is no direct memory access from the calculation 
unit 

• the down counters are continuously loaded from the 
AIPR. XIPR and AOPR registers 

• because RAM is not addressed by any of the RAM 
pointers. their contents are irrelevant at this time. In 
advance to a calculation. the CPU has to load the 
RAM pointers with the start addresses of the operand 
and result fields. AIPR. XIPR and AOPR have to be 
loaded with the LS8's address, while APR has to be 
loaded with the MS8's address of the data field. 

The calculation unit is active: 

• there is direct RAM memory access from the 
calculation unit 

• the data transfer from the registers to their associated 
down counters is stopped 

• the address pointers AIPR, XIPR and APR address 
the operands Ai, Xi and A[3-0] while AOPR addresses 
the Ao result area in RAM 

• while the up and down counters are incremented/ 
decremented under control of the calculation unit, the 
CPU can reload the registers with new addresses, 
ready for transfer to their down counters at the 
beginning of the next calculation cycle. 
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CALCULATION UNIT 

This unit computes, with it's associated software, any 
exponential functions like X" mod.n. It has been designed 
to optimize the calculation time of exponent modulo N. It 
uses 196 bytes of RAM for 512-bit length operands. 

CALCULATION UNIT PERFORMANCE 

AllclK = 6 MHz: X· modulo N is performed in 1.5 s 
typical, with 512 bit operands. 

To reach this speed, the calculation unit's architecture 
provides: 

• fast multiplication and addition 

• fast carry handling 

• fast data transfers to fetch operands from RAM or 
EEPROM and to store results in RAM 

• simultaneous operation of both CPU and calculation 
unit. 

CALCULATION UNIT BASIC OPERATION 

The basic operation of the calculation unit is: 

Preliminary specification 
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The calculation unit does not carry out a complete 
exponentation in one step. However, it provides a set of 
basic instructions, from which the complete 
exponentation algorithm can be built by a dedicated 
software. All of these basic instructions operate on 
data-fields inside RAM and EEPROM. The width of these 
data-fields is variable. A typical operand width is 512 bits. 

The basic operation of the calculation unit is to multiply 
either a 24-bit number or a 32-bit number with a 
long-word (e.g. 512-bit) and adding the resultto another 
long-word. Further XOR and shift operations may be 
carried out to give the final result. With a 32-bit number 
this operation completes in typically 45 liS at 6 MHz clock 
frequency. 

a = [ (A + a • X) Ell value 1 • 2" Where 'A':a' and 'X" are large numbers, 'a' is'a 3 or 4 byte part of the 
large number 'Y' and 'value' is either one same byte used for each 
result byte or the large number 'X'. 'n' is the number of bit-shifts for the 
calculation result, n can be either 0 or 32. 

Operation set of the calculation unit: 

a = (A + a • X) Ell value' 2" multiply and accumUlate step (see Fig. 6). 

a = (0 + a • 0) Ell value' 20 memory initialization (see Fig. 7). 

A= (A+ a' 0) Ell value' 232 4 byte shift (see Fig. 8). 

a = (A + a • 0) Ell value' 20 memory transfer (see Fig. 9). 

a = (A + a • X) Ell value' 2"2 multiply, accumulate step with shift (see Fig. 10). 

Force A = 0 or X = 0 and shift depend on the contents of the registers CMD and CMDSTAT. 

A calculation example of D = M'C Mod N is shown in Ag.11, where D, M, C and N are large numbers of n-bit 
length. 
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A = (A + Va.O) ffi value. 2 32 

Fig.B Shift (up to 4 bytes). 
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8 = [(A + Ya.X) Ell value].2 32 
a 
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Fig.l0 Multiply accumulate step and shift. 
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example: D = M.C Mod N 

step 1 L-IM_n-l->-1 --'----'--_ = = = = -I TM?] X 

1 st intermediate multiply 

o 

step 2 No X 

0 

1 st reduction modulo on the intermediate result and shift 1 Bn+31 Bn+21 Bn+ 11 Bn Ya 

+ 

Bo A 

1 Bn IBn-1 1 0 0 0 B 

step 3 1 Mo I X 

2nd intermediate multiply [cn-+;;-slcn-6 1 Ya 

+ 

r 0 0 0 A 

Bo B 

MBA90t 

repeat (n/3)-1 times to step 2 

Fig.ll Calculation example. 
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Calculation unit related SFRs 

12 Special Function Registers (SFRs) are related to the 
calculation unit, see Table 7 and Figure 12. 

Memory access registers 

The calculation unit has direct READ and WRITE 
memory access to the RAM and READ-only access to 
the EEPROM. The unit uses four 8-bit wide RAM 
pointers to address operands and result inside RAM and 
two 8-bit pointers to address operands inside EEPROM. 
The MSB of the EEPROM address is supplied by the 
EADRH register. 5 out of the 6 pointers are pipelined. 
This allows the CPU to initialize these registers while a 
calculation is busy. 

Table 7 Calculation unit related SFRs 

SYMBOL ADDRESS FUNCTION 
.--.-~--

AIPR A4H RAM address pointer for Ai input operand; note 1 

EADRL1 F2H EEPROM address pOinter for Ai input operand; note 1 

XIPR A5H RAM address pointer for Xi input operand; note t 

EADRL2 F1H EEPROM address pointer for Xi input operand; note 1 

APR A6H RAM address pointer for A[3-0] input operand 

AOPR A7H RAM address painter for Ao result output 

CMD 99H command register 

CMDSTAT 98H command and status register 

CNTCYCL F9H cycle counter 

CXOR A3H XOR operand register 

WRLlM FBH WRITE operation limit register 

RDLIM FAH limits register of the READ operands Xi and AI. 

Note 

1. Ai operand and Xi operand can be stored in either the RAM or the EEPROM. 
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Command and status registers CMD and CMDSTAT 

The calculation unit has two 8 bit registers (SFRs) for 
commands and status. SFR CMD is used for commands 
only, SFR CMDSTAT is used for both commands and 
status (2 command bits and 3 status bits). 

This allows the CPU to re-initialize the CMD register for 
the next calculation while the current calculation is still 
busy. 

7 bits of the CMD register are pipelined (see Table 8). At 
the beginning of a calculation, the contents of these 
seven bits are transferred into an internal command 
register that controls the calculation unit's sequencer. 

The CMDSTAT SFR (see Table 10) is not pipelined and 
may not be reloaded by the CPU whilst the calculation 
unit is active. Both CMD and CMDSTAT registers are 
cleared at reset. Tables 9 and 11 describe the function of 
single status and control bits within the CMD and 
CMDSTAT registers. 

Table 8 CMD SFR 

CMD reglstor 
loaded by the CPU -.. 

SFRcommand 
register 

(SFR) '------'----'----'----'-------'~----'-----'-___:--' 

1 1 
Internal CMD r--''----,----'--r---'--,-''----r-'---,--'--,--=--, 
loaded by the -+1 DWA' AE2P' XE2P' XOR' I SHIFT' IlDRAM' I M32' 

calculation Unit . - • 

interrnaJ command 
register 

(7-bi! latch) 

1 1 
MBG:J35 

to the sequencer 

Table 9 Description of the CMD bits 

SYMBOL I PARAMETER FUNCTION 

CMD.7 

DWA = disable outpU1 write set and reset by the CPU. 
When the DWA bit is set 1, the writing operation of the Ao result into RAM is 
disabled. The AOPR address counter is not decremented. 
When DWAbit is reset 0, the Ao result bytes are written into RAM. 

CMD.6 

AE2P = input Ai operand from set and reset by the CPU. 
the EEPROM When the AE2P bit is set 1 the EEPROM is addressed by AIPE (EADRL 1) 

address pointer and the Ai operand is read from the EEPROM. When AE2P is 
reset 0 the RAM is addressed by AIPR address counter and the Ai operand is 
read from the RAM. 
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SYMBOL I PARAMETER FUNCTION 

CMD.5 

XE2P = input X, operand from set and reset by the CPU. 
the EEPROM When the XE2P bit is set 1 the EEPROM is addressed by XIPE (EADRL2) 

address pointer and the Xi operand is read from the EEPROM. When XE2P is 
reset 0 the RAM is addressed by XIPR address counter and the Xi operand is 
read from the RAM. 

CMD.4 

OXOR = output exclusive OR set and reset by the CPU. 
When the OXOR bit is set 1 the output data value is: Xi $ calculation result. When 
the OXOR bit is reset 0 the output data value is: CXOR register content $ 

calculation result. If the output value must be the real calculation result: OXOR bit 
is reset 0 and the CXOR register content = OOH. 

CMD.3 

SHIFT = control of Ao result set and reset by the CPU. 
shift When the SHIFT bit is set 1 the Ao result consists of four registers A03, A02, Aol, 

AoO, thus the output data is delayed four times which leads to a 32·bit result shift. 
If the SHIFT bit is reset 0, the output pipeline has only one register A03. The result 
is not shifted. 

CMD.2 

LDRAM = Load A3, A2, AI, AO set and reset by the CPU. 
registers from the RAM When the LDRAM bit is set 1 the calculation unit reloads A3, A2, AI, AD registers 

from the RAM at the start of the computation. When the LDRAM bit is reset 0, the 
A3, A2, AI, AD registers are reloaded from the A03, A02, Aol, AoO output pipeline 
registers. 

CMD.l 

M32 = 32·bit ope rands set and reset by the CPU. 
When the M32 bit is set 1 the multiplier operands are A[3 .. 0] (32·bits), APR is 
incremented by four. When the M32 bit is reset 0 the multiplier operands are 
A[2·D] (28·bits), APR is incremented by three. 

CMD.O 

CMRD = command ready set by the CPU and cleared by the calculation unit (see Fig. (3). 
To start a calculation, the CMRD bit is set 1 by the CPU. The CMRD bit will be 
reset 0 by hardware immediately after beginning the calculation. The CMD 
register is then ready to take the next command word from the CPU. When the 
CMRD bit is set 1 by the CPU while the calculation unit is still active, the 
calculation unit does not stop at the end of the current computation. The new 
calculation starts immediately with the new command parameters. In this case 
there will be no interrupt request 
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CPU initializes CPU mitlalizes CPU CPU initializes 
pOinters and pointers and waits pointers and 
registers for registers tor for registers for 
calculation #1 calculation #2 CMRD=O calculation #3 

MBC336 

Fig.13 CPU and calculation unit timings. 

Table 10 CMDSTAT SFR 

SFR Command and Status register (SFR) 4 3 2 1 0 
loaded and read by the CPU --> DRA DRX RUN CCY DONE 

.l. .l. i i i 
to the sequencer from the calculation unit 

Table 11 Description of the CMDSTAT bits 

SYMBOL I PARAMETER I FUNCTION 

CMDSTAT bits 7, 6, 5, not applicable 

CMDSTAT.4 

DRA = READ disable of the I set and reset by the CPU. 
operand Ai When the DRA bit is set I, READ operation of the operand Ai is disabled and Ai is 

cleared. In this mode the AIPR address counter is not decremented. 

CMDSTAT.3 

DRX = READ disable of the I set and reset by the CPU. 
operand Xi When the DRX M is set I, READ operation of the operand Xi is disabled and Xi is 

cleared. In this mode the XIPR address counter is not decremented. 

CMDSTAT.2 

RUN = active calculation unit I set and reset by the calculation unit. 
While the calculation unit is active, the RUN bit is set I, otherwise the RUN bit is 
reset 0 (cleared). 
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SYMBOL I PARAMETER FUNCTION 

CMDSTAT bits 7, 6, 5, not applicable 

CMDSTAT,I 

CCY; carry set and reset by the calculation unit. 
When the contents of A03, A02, Aot, AdJ output pipeline registers are greater 
than 0 (zero), the CCY bit is set I, otherwise CCY is reset O. 

CMDSTAT.O 

DONE; end of the set by the calculation unit, reset by the CPU. 
computation The DONE bit is set 1 by the calculation unit at the end of computation. When set 

I, an interrupt request is generated. The DONE flag has to be reset 0 by the CPU 
during an interrupt service routine. 

Cycle counter CNTCYCL 

This is an a·bit register with associated down counter. It 
counts the number of bytes of the result which the 
calculation unit shall carry out. The first byte of the result 
is always zero. 

The CPU has WRITE access to the register and READ 
access to the down counter. CNTCYCL is cleared to OOH 
during reset. As long as the calculation unit is in standby, 
the down counter is continuously loaded with the register 
contents. After start of calculation, the down counter 
becomes separated from the register and starts 
counting. The register can then be reloaded by the CPU 
for the next calculation cycle. As soon as the down 
counter reaches the state OOH, the calculation cycle is 
terminated. 

Limit registers 

The calculation unit has two a-bit limit registers (SFRs) 
WRLlM and RDLIM. WRLlM controls the start of Ao 
result output to RAM, while RDLIM controls the length of 
Ai and Xi input operands. RDLIM is split into two 4-bit 
registers. RDLIM (7-4) carry the READ limit for the Xi 
operand and RDLIM (3·0) the READ limit for Ai. 

The contents of WRLlM, RDLIM (7·4), RDLIM (3-0) are 
compared to the contents of the Cycle Counter 
CNTCYCL during calculation. As Xi and Ai limits are both 
only 4-bits wide, these values are expanded to S·bits for 
comparison by adding four leading zeros. 

WRITE LIMIT REGISTER WRLlM: 

• as long as the CNTCYCL contents are greater than 
the WRLlM's contents, writing of the Ao output result 
to RAM is inhibited. 
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READ LIMIT REGISTER RDLlM: 

• READ Xi limit (upper 4-bits): when the CNTCYCL 
contents has reached the Xi limit, the READ value of 
the Xi operand is O. 

• READ Ai limit (lower 4-bits): when CNTCYCL 
contents has reached the Ai limit, the READ value of 
the Ai operand is O. 

The limit registers can be read and written by the CPU. 
Because of their pipeline structure, they can be 
re·loaded whilst the calculation unit is active. Both 
registers are cleared to OOH during reset. 

CXOR register 

This is an a·bit wide SFR that provides one operand for 
an exclusive·OR operation on the calculation result. It 
can be read and written by the CPU, the default value 
after reset is O. 

Calculation unit interrupt 

At the end of a calculation cycle, an interrupt request is 
generated (DONE ; 1). The DONE nag has to be reset 
by software during the interrupt service routine. The 
calculation unit's operation cannot be interrupted by any 
other interrupt. Interrupt requests are pending until the 
end of the calculation cycle. They will be acknowledged 
during the interrupt service routine. 

Parallel operation of CPU and calculation unit 

The performance of the calculation unit degrades if 
pOinter and control register initializations are done in 
between two consecutive calculation cycles. The full 
calculation speed is reached when these initializations 
are carried out by the CPU in parallel to a computation 
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cycle of the calculation unit (see Fig. 13). Thus with 
parallel initializations, when a current computation cycle 
is completed, all of the required initializations have 
already been done to enable the next computation cycle 
of the calculation unit to start immediately. 

10 register 

The 83C852 has 2 110 lines: 1/01 and 1/02. Line 1/01 is 
represented by 101 (bit 0) and line 1/02 is represented by 
102 (bit 1) of the 10 register (SFR). 10 bits: 7, 6, 5, 4, 3 
and 2 are don't care. 

Preliminary specification 
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Table 12 1/0 SFR 

Either 1/0 line can be used independently from the other 
as an input or as an output. For an I/O line to be used as 
an input, a set 1 must first be written to it's port-latch. 
See Fig. 14. The strong output driver FET PI is tumed 
off after one external clock period. The pin is then pulled 
HIGH by the weak pull-up FETs P2 and P3. It can be 
pulled LOW by an external source. After a hardware 
reset, both port latches contain a set 1 and both lines 
1/01 and 1/02 are in Input mode. 

,---F::::;---r---r- VDD 

November 199t 

Q from port 
latch 

mputdata 

read port pin 

1/01 
Identical for 

1/02 

for use in ISO standard half duplex serial communication, only 1/01 is needed. Full duplex serial communication 
may be carried out via both lines 1/01 and 1/02. 

Fig.14 InpuVOutput buffer (1/01 and 1102). 
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nmers 

The 83C852 has two 16-bit timer registers Timer 0 and 
Timer 1 . The timer registers are incremented each 
machine cycle and are thus capable of counting machine 
cycles. Since a machine cycle consists of 6 external 
clock periods, the count rate is 1/6 of the clock 
frequency. Each timer has three operating modes: 

• Mode 0 ~ 13·bit timer 

• Mode 1 ~ 16-bittimer 

• Mode 2; 8·bit timer with auto-reload. 

(a) 

(b) 

Fig.15 83C852 Timers 
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Timers 0 and 1 are controlled via the two SFRs: Timer Mode Control (TMOD) and Timer ControVExtemal Interrupt 
Control (TCON). 

Table 13 TMOD SFR 

TIMER 1 TIMER 2 

M1 MO M1 MO 

7 6 5 4 3 2 o 

Table 14 Description of the TMOD bits 

SYMBOL PARAMETER FUNCTION 

Timer 1 

- TMOD.7 reserved, don't care 

- TMOD.6 reserved, don't care 

M1 TMOD.5 Timer 1 mode select 

MO TMOD.4 Timer 1 mode select 

Timer 0 

- TMOD.3 reserved, don't care 

- TMOD.2 reserved, don't care 

M1 TMOD.1 Timer 0 mode se lect 

MO TMOD.O Timer 0 mode se lect 

M1 and MO operating modes 

0 0 a·bit timer "THx" with "TLx" as 5·bit prescaler 

0 1 16·bit timer "THx' and 'TLx" are cascaded. There is no prescaler 

1 0 
a·bit auto-reload timer "THx' holds a value which is reloaded into "TLx' 
each time it ovelilows. 
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Table 15 TCON SFR 

TIMER CONTROL EXTERNAL INTERRUPT CONTROL 

TFl I TRl I TFO I TRO - I IOSW I lEO I ITO 

7 I 6 I 5 I 4 3 I 2 I 1 I 0 

Table 16 Description of the TCON bits 

SYMBOL PARAMETER FUNCTION 

Timer control 

TF1 TCON.7 Timer 1 overflow flag. Set by hardware on Timer 1 overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

TR1 TCON.S Timer 1 run control bit. Set/cleared by software to tum Timer 1 ON/OFF. 

TFO TCON.5 Timer 0 overflow flag. Set by hardware on Timer 0 overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

TAO TCONA Timer 0 run control bit. Set/cleared by software to tum Timer 0 ONIOFF. 

External Interrupt Control 

- TCON.3 reserved, don't care. 

10SW TCON.2 switch for external interrupt source: 
o = 1/01 is used as external interrupt source; 
1 = 1/02 is used is used as external interrupt source. 

lEO TCON.! is the external interrupt 0 edge flag. If ITO is set!, the lEO bit is set 1 by 
hardware when the extemal interrupt source (either 1/01 pin or 1/02 pin) 
is detected to have made a 1 to 0 transition. The lEO bit is cleared by 
hardware when the processor transfers control to the interrupt service 
routine. 

ITO TCON.O determines whether external interrupt is edge-triggered or level-triggered. 
If ITO is set 1: external interrupt 0 is edge-triggered. 
If ITO is reset 0, external interrupt 0 is triggered by a detected LOW at 
the external interrupt source. 
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Interrupt system 

The 83C852 has five interrupt sources, each can be 
programmed to one of two priority interrupt levels, either 
HIGH or LOW. The five interrupt sources are listed below: 

1. 110: external request from either 1/0 line 

2. Timer 0: overflow from Timer 0 

3. Cell: end of calculation 

4. Timer 1: overflow from Timer 1 

5. EEPROM: completion of EEPROM programming. 

Each interrupt source can be individually enabled or 
disabled, all interrupt sources can also be globally 
enabled or disabled. 

Each interrupt source can be programmed to either a 
HIGH or a LOW priority interrupt level. A LOW can be 
interrupted by a HIGH priority interrupt, but not by 
another LOW priority interrupt. A HIGH priority interrupt 
cannot be interrupted. 

Only one of the 1/0 lines (either 1/01 or 1/02) can be 
used as an external interrupt source at a time. This 
selection is made by 10SW bit from TCON register. 

Table 17 IE SFR 

EA EE 

7 6 5 4 

Table 18 Description of the IE bits 

SYMBOL PARAMETER 

Preliminary specification 

83C852 

Interrupt vectors 

The microcontroller acknowledges a request from an 
interrupt by a hardware subroutine call. It pushes the 
contents of the PC (program counter) into the stack, but 
it does not save the PSW (program status word). PC is 
reloaded with an address that depends on the source of 
the interrupt request, as shown below: 

Source 

1/01 or 1/02 

Timer 0 Overflow 

end of calculation 

Timer 1 Overflow 

Address 

0003H 

OOOBH 

0013H 

001BH 

0023H completion of EEPROM programming. 

Interrupt registers IE and IP 

INTERRUPT ENABLE REGISTER IE 

Each source can be individually enabled or disabled by 
setting or clearing the corresponding bit inside the SFR 
Interrupt Enable register IE. All interrupt sources can also 
be globally enabled or disabled. 

ETI EC ETO EXO 

3 2 a 

FUNCTION 

EA 1E.7 general enableldisable control 
o = no interrupt is enabled 
1 = any individually enabled interrupt will be accepted 

- IE.6 reserved, don't care 

- IE.S reserved, don't care 

EE IE.4 enable EEPROM interrupt 

ETI IE.3 enable Timer 1 interrupt 

EC IE.2 enable calculation unit interrupt 

ETO IE.l enable Timer 0 interrupt 

EXO IE.O enable extemal 0 interrupt (from 1/0) 
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Table 19 IP SFR 

PE PTI PCU PTO PXO 

? 6 5 4 3 2 o 

Table 20 Description of the IP bits 

SYMBOL PARAMETER FUNCTION 

- IP.? reserved, don't care 

- IP.6 reserved, don't care 

- IP.5 reserved, don't care 

PE IP.4 EEPROM interrupt level 

PTI IP.3 Timer I interrupt level 

PCU IP.2 calculation unit interrupt level 

PTO IP.I Timer 0 interrupt level 

PXO IP.O external 0 interrupt level 

INTERRUPT PRIORITY REGISTER I P 

The interrupt level is selected within the SFR Interrupt 
Priority register IP. Setting a bit to '" selects HIGH 
priority. 

Hardware security 

OPERATING MODE 

The microcontroller has two operating modes: 

• User mode 

• Test mode 

The test mode is permanently disabled once the test has 
been performed. 

Low frequency sensor 

The low frequency detector circuit triggers a reset of the 
CPU when the clock frequency falls below fCLK minimum 
(approximately 500 kHz). When the clock frequency rises 
above fCLK minimum the reset is de-activated. 

Power ON/OFF reset 

The power ON/OFF reset circuit triggers a reset of the 
CPU when the power supply falls below Voo minimum 
(approximately 3.5 V). When the power supply rises 
above Voo minimum, this reset is de-activated. When the 
power-down mode is active (PO is set ') the power 
ON/OFF reset is de-activated. 
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Idle mode and power-down mode 

IDLE MODE 

The 83C852 provides two power saving operational 
modes, the idle mode and the power-down mode. In the 
idle mode, the CPU enters a sleep routine whilst some of 
the on-chip peripherals (timers and interrupt system) 
remain active. The contents of the RAM and SFRs 
remain unchanged during the duration of an idle mode. 
The idle mode can be terminated by an enabled interrupt 
or by a hardware reset. Besides stopping the CPU, the 
idle mode terminates EEPROM write operations and 
stops operation of the calculation unit. 

POWER-OOWN MODE 

In the power-down mode, all on-Chip internal clocks are 
frozen. The CPU and all on-chip peripherals stop 
working. The only exit from a power-down mode is by a 
hardware reset. The on-Chip RAM and SFRs retain their 
values until the power-down mode is terminated. Reset 
redefines the SFRs, but does not change the RAM 
contents. The Voo supply can be reduced to 2 V whilst 
the power-down mode is active. Both modes are 
activated by software via the SFR Power Control register 
PCON. PCON is not bit addressable. 
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Table 21 PCON SFR 

GF1 GFO PO IOl 

7 6 5 4 3 2 o 

Table 22 Description of the PCON bits 

SYMBOL PARAMETER FUNCTION 

- PCON.7 reserved, don't care 

- PCON.6 reserved, don't care 

- PCON.5 reserved, don't care 

- PCONA reserved, don't care 

GF1 PCON.3 general purpose flag bit 

GFO PCON.2 general purpose flag bit 

PD PCON.1 enter power-down mode when set; note 1 

IDL PCON.O enter idle mode when set; note 1 

Note 

1. If a logic 1 is written to PD and IDL at the same time, PD takes precedence. 
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SFRs memory mapping 

Table 23 

Preliminary specification 

83C852 

The 83C852 has the following 33 Special Function Registers (SFRs) available to the user. 

SFRs 
SYMBOL RESET VALUE FUNCTION 

ADDRESS 

FBH WRLlM OOOO.OOOOB WRITE limit register for calculation unit 

FAH RDLIM OOOO.OOOOB READ limit for calculation unit 

F9H CNTCYCL OOOO.OOOOB cycle counter for calculation unit 

F7H ECNTRL2 XXXX.OOOOB EEPROM control register (test modes) 

F6H ECNTRLI OOOO.OOOOB EEPROM control register (user modes) 

F5H ETIM 0000.1000B EEPROM timer register 

F4H EDAT XXXX.XXXXB EEPROM data register 

F3H EADRH 1000.0000B EEPROM address register HIGH 

F2H EADRL1 OOOO.OOOOB EEPROM address register 1 LOW, address pOinter 
AIPE for calculation unit 

F1H EADRL2 OOOO.OOOOB EEPROM address register 2 LOW, address pOinter 
XIPE for calculation unit 

FOH B OOOO.OOOOB B register 

EOH ACC 0000.00008 accumulator 

DOH PSW OOOO.OOOOB program status word 

BSH IP XXXO.OOOOB interrupt priority register 

BaH 10 XXXX.XX11B I/O register 

A8H IE OXXO.OOOOB interrupt enable register 

A7H AOPR OOOO.OOOOB AOPR register for calculation unit 

A6H APR OOOO.OOOOB APR register for calculation unit 

ASH XIPR OOOO.OOOOB XIPR register for calculation unit 

A4H AIPR OOOO.OOOOB AIPR register for calculation unit 

A3H CXOR OOOO.OOOOB CXOR register for calculation unit 

99H CMD OOOO.OOOOB command register for calculation unit 

98H CMDSTAT XXXO.OOOOB command and status register for calculation unit 

8DH TH1 OOOO.OOOOB Timer 1 HIGH 

8CH THO OOOO.OOOOB Timer a HIGH 

8BH TLI OOOO.OOOOB Timer 1 LOW 

BAH TLO OOOO.OOOOB Timer 0 LOW 

89H TMOD XXOO.XXOOB Timer 0 and 1 mode control 

BBH TCON OOOO.XOOOB Timer 0 and 1 control and extemal interrupt control 

87H PCON XXXX.OOOOB power control register 

B3H DPH 0000.00008 data pointer HIGH 

82H DPL OOOO.OOOOB data pointer LOW 

81H SP 0000.0111B stack pointer 
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.. Bit addressable 8 Bytes 

F8 CNTCYCL RDLIM WRLlM 

FO B EADRL2 EADRL1 EADRH EDAT 

E8 

EO ACC 
08 

DO PSW 

C8 

CO 

1i: B8 IP 

BO 10 

A8 IE 

AO CXOR AIPR 

98 CMDSTAT CMD 

90 

88 TCON TMOD TLO TL1 THO 

80 SP DPL DPH 
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INSTRUCTlON SET 

The instruction set consists of 49 single-byte, 46 two-byte and 16 three-byte instructions. When using a 6 MHz 
el<lernal clock, 64 instructions execute in 1 cycle (II's) and 45 instructions execute in 2 cycles (21's). Multiply and 
divide instructions execute in 4 cycles (4 1'5). 

INSTRUCTION SET DESCRIPTION 
For data addressing modes, Hexadecimal opcode cross-reference and invalid instructions, see Table notes. 

83C852 

MNEMONIC DESCRIPTION BYTES CYCLES 
OPCODE 

(HEX) 

Arithmetic operation 

ADD A,Rr Add register to A 1 1 2· 

ADD A,direct Add direct byte to A 2 1 25 

ADD A,@Ri Add indirect RAM to A 1 1 26,27 

ADD A,lIdata Add immediate data to A 2 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3· 

ADDC A,direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,lIdata Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9· 

SUBB A,direct Subtract direct byte from A with borrow 2 1 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUBB A,lIdata Subtract immediate data from A with borrow 2 1 94 

INC A IncrementA 1 1 04 

INC Rr Increment register 1 1 O· 

INC direct Increment direct byte 2 1 05 

INC @Ri Increment indirect RAM 1 1 06,07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 ,. 
DEC direct Decrement direct byte 2 1 15 

DEC @Ri Decrement indirect RAM 1 1 16,17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB MultiplyA&B 1 4 A4 

DIV AB DivideAbyB 1 4 84 

DA A Decimal adjust A 1 1 04 
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Instruction set description (continued) 

MNEMONIC DESCRtPTION BYTES CYCLES 
OPCODE 

(HEX) 

Logic operations 

ANL A,Rr AND register to A 1 1 5" 

ANL A,direct AND direct byte to A 2 1 55 

ANL A,@Ri AND indirect RAM to A 1 1 56,57 

ANL A,#data AND immediate data to A 2 1 54 

ANL direct,A AND A to direct byte 2 1 52 

ANL direct,#data AND immediate data to direct byte 3 2 53 

ORL A,Rr OR register to A 1 1 4" 

ORL A,direct OR direct byte to A 2 1 45 

ORL A,@Ri OR indirect RAM to A 1 1 46,47 

ORL A,#data OR immediate data to A 2 1 44 

ORL direct,A OR A to di rect byte 2 1 42 

ORL direct,#data OR immediate data to direct byte 3 2 43 

XRL A,Rr Exclusive-OR register to A 1 1 6" 

XRL A,direct Exclusive-OR direct byte to A 2 1 65 

XRL A,@Ri Exclusive-OR indirect RAM to A 1 1 66,67 

XRL A,#data Exclusive-OR immediate data to A 2 1 64 

XRL direct,A Exclusive-OR A 10 direct byte 2 1 62 

XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63 

CLR A Clear A 1 1 E4 

CPL A Complement A 1 1 F4 

RL A Rotate A left 1 1 23 

RLC A Rotate A left through the carry flag 1 1 33 

RR A Rotate A right 1 1 03 

RRC A Rotate A right through the carry flag 1 1 13 

SWAP A Swap nibbles within A 1 1 C4 
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Instruction set description (continued) 

MNEMONIC DESCRIPTION BYTES CYCLES 
OPCODE 

(HEX) 

Data transfer 

MOV A,Rr Move register to A 1 1 E· 

MOV A,direct"" Move direct byte to A 2 1 E5 

MOV A,@Ri Move indirect RAM to A 1 1 E6, E7 

MOV A,#data Move immediate data to A 2 1 74 

MOV Rr,A Move A to register 1 1 P 

MOV Rr,direct Move direct byte to register 2 2 A" 

MOV Rr,#data Move immediate data to register 2 1 r 
MOV direct,A Move A to direct byte 2 1 F5 

MOV direct,Rr Move register to direct byte 2 2 8· 

MOV direct,direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @RI,A Move A to indirect RAM 1 1 F6, F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76,77 

MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2 90 
MOVC A,@A+DPTR Move code byte relative to DPTR to A 1 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 1 2 83 

PUSH direct Push direct byte onto stack 2 2 CO 

POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A 1 1 C· 

XCH A,direct Exchange direct byte with A 2 1 C5 

XCH A,@Ri Exchange indirect RAM with A 1 1 C6, C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6,D7 

Note: the following MOVX instructions of 8OC51 set are not applicable to 83C852 

MOVX A,@Ri Move external RAM (8-bit address) to A 1 2 E2,E3 

MOVX A,@DPTR Move extemal RAM (16-bit address) to A 1 2 EO 

MOVX @Ri,A Move A to extemal RAM (8-bit address) 1 2 F2, F3 

MOVX @DPTR,A Move A to extemal RAM (IG-bit address) 1 2 FO 
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Instruction set description (continued) 

MNEMONIC DESCRIPTION BYTES CYCLES 
OPCODE 

(HEX) 

Boolean variable manipulation 

CLR C Clear carry flag 1 1 C3 

CLR bit Clear direct bit 2 1 C2 

SETB C Set carry flag 1 1 D3 

SETB bit Set direct bit 2 1 D2 

CPL C Complement carry flag 1 1 B3 

CPL bit Complement direct bit 2 1 B2 

ANL C,bit AND direct bit to carry flag 2 2 82 

ANL C,ibit AND complement of direct bit to carry flag 2 2 BO 

ORL C,bit OR direct bit to carry flag 2 2 72 

ORL C,ibit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 
MOV bit,C Move carry flag to direct bit 2 2 92 

Program and machine control 
-.--.,~ 

ACALL addrl1 Absolute subroutine call 2 2 oladdr 

LCALL addr16 Long subroutine call 3 2 12 

RET Return from subroutine 1 2 22 

RETI Return from interrupt 1 2 32 

AJMP addrll Absolute jump 2 2 .laddr 

LJMP addr16 Long jump 3 2 02 

SJMP rei Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 

JZ rei Jump if A is zero 2 2 60 

JNZ rei Jump if A is not zero 2 2 70 

JC rei Jump if carry flag is set 2 2 40 

JNC rei Jump if carry flag is not set 2 2 50 

JB bit,rel Jump if direct bit is set 3 2 20 

JNB bit, rei Jump if direct bit is not set 3 2 30 

JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct.rel Compare direct to A and jump if not ecual 3 2 B5 

CJNE A,#data,rel Compare immediate to A and jump If not equal 3 2 B4 

CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal 3 2 B' 

CJNE @Ri,#data,rel Compare immed. to indo and jump if not ecual 3 2 B6,B7 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D' 

DJNZ direct, rei Decrement direct and jump if not zero 3 2 D5 

NOP No operation 1 1 00 
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NOTES TO INSTRUCTION SET TABLE 

MNEMONIC DESCRIPTION 

Data addressing modes 

Rr working register RO-R7. 

direct 12B internal RAM locations and any special function register (SFR). 

@Ri indirect intemal RAM location addressed by register RO or Rl of the actual register bank. 

#data B-bit consfant included in instruction. 

#data 16 16-bit constant included as bytes 2 and 3 of instruction. 

bit direct addressed bit in intemal RAM or SFR. 

addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 
64K byte program memory address space. 

addr11 II-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K byte 
page of program memory as the first byte of the following instruction. 

rei Signed (two's complement) B-bit offset byte. Used by SJMP and all conditional jumps. Range is 
-128 to + 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 

· 8, 9, A, 9, C, 0, E, F. 

· 11,31,51,71,91,91,01, Fl. 

• 01,21,41,61,81, AI, Cl, El. 

Invalid instructions: 

note •• MOV A, ACC is not a valid instruction. 

MOVX MOVX instructions of BOC51 set are not applicable to 83C852. 
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MOVX instructions not applicable 

r--: first hexadecimal character of opcode 

~ I 0 I 1 2 3--]4 -----F---~--- T 7 B T 9 TAB R DIE IF 

second hexadecimal character of opcode 

I AJMP I LJMP RR A INC A I INC INC@RiINpRrll'I' 
addr11 I addr16 i dir 0 1 1 0 I 1 2 3 4 ,5 I 6 7 

-c----' 

o NOP 

ACALL i LCALL RRC A DEC A DEC DEC@Ri DEC Rr : 
addr11 I addr16 _ _ dir 0 L 1 0 11 1 2 3 4 5! 6 7 bit, rei 

JBC 

2 I JB : AJMP RET ,R L A I ADD ADD ADD A,@Ri r ADD A,Rr I I bit,rel I ad~~ __ :_~ A,#data A,d" 0 I 1 i 0 11 1 2 3 4 5 6 7 

3 JNB ACALL RETI RLC A I ADDC AD DC AD DC A,@Ri i ADDC A,Rr I I 
blt,rel addr11 A,Jldata A,dir 0 1 1 i 0 11 1 2 3 4 5 6 7 

4 I JC AJMP ORL ORL I ORL ORL ORL A,@Ri r ORL A,Rr : 

~ ___ ~~d",A __ ...<li~d"!"---_I A,#da~ __ A,dir _ -to I 1 0 11 i 2 3 4 5 6 7 8-f' JNC ACALL ANL ANL ANL ANL ANL A,@RiANLA,Rr 
r"'--____ +--"<ld..r.1.1 __ I dir,A dir,#data A,#data A,dir 0 ~ 0 1 1 1 2 3 4 5 6 7 

6 JZ AJMP XRL I XRL _~RL XRL XRL A,@Ri XRL A,Rr '='-___ ~~ ~_ dir,#data ____ ~,#data A,dir 0 ,--1-1 0 11 1 2 3 4 5 6 7 

7 I JNZ ACALL ORL JMP , MOV MOV MOV @Ri,#data MOV Rr,#data 

rei addr11 ',I C,bit __ ~~~ 1 A,#dat"-----I dir,#da!!l 0 1 1 0 I 1 1 2 3 4 5, 6 7 

B I SJMP 1 AJMP ,ANL MOVC t DIV , MOV MOV dir,@Ri MOV dir,Rr I 
rei addr11 C,bit A,@A+PC AB 'dir,dir 10 I 1 0 11 1 2 3 4 I 5 6 7 

9 I MOV DPTR:I ACALL MOV MOVC SUBB SUBB! SUBB A,@Ri SUBB A,Rr 
#data addr11 bit,C A,@A+OPTR A,#data A,dir 0 --l1 0 11 1 2 3 4 5 6 7 

A I ORL AJMP MOV INC MUL MOV@Ri,dir MOV Rr,dir , 
C,Ibit addr11 C,bit DPTR AB 0 J-~-~~ 3 4 i 5 6 7 

B I ANL ACALL CPL CPL C CJNE A, CJNE CJNE@Ri,#data,reICJ1NERr,Jlda1ta,rel 
C,Ibit addr11 bit #data,rel A,dir,rel 0 1 1 0 1 1 2 3 4 5 6 7 

C I PUSH AJMP CLR CLR C SWAP XCH XCH A,@Ri XCH A,Rr 
~ , addr11 bit A A,dir 0 1 1 0 1 1 1 2 3 4 5 6 7 

D I POP ACALL SETB SETB DA A DJNZ XC,HD A,@RiDJNZRr,rel'l 
dir addr11 bit C ___ , dir,rel 0 ----L2... 0 j 1 j2 3 4 5 6 7 

E I MOVX AJMP MOVX A,@Ri CLR A MOV. MOV A,@Ri MOV A,Rr 1 

A,@DPTR addr11 0 1'1 A,dir 0 j 1 0 I 1 j 2 3 4 5: 6 17 
-r-'---f------C:-

MOVX 
IiiDPTR,A 

ACALL 
addr11 

MOVX @Ri,A CPL A MOV MOV @Ri,A MOV Rr,A , 1 
o 1 1 dir,A 0 I 1 0 11 1 2 3 4 5 I 6 7 

• MOV A,ACe is not a vatid instruction. 
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ISO INFORMATION 

The following ISO characteristics information as applicable to this data sheet may be superseded. Please ensure that 
the latest version of ISO information IS studied for relevant features. 

ISO ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

VO 

V ,H input voltage HIGH IIH (max) = ±20 JlA 0.7 x VDD - VDD +0.3 V 

VIL input voltage LOW III (max,) ::;; -1 mA -0.3 - 0.8 V 

VOH output voltage HIGH IOH I~') = -20 ~A; 3.8 - VDD V 
note 1 

VOl output voltage LOW IOL (mwo:,) = +1 mA 0 - 0.4 V 

C va input/output pin capacitance - - 30 pF 

~, 1/0 riselfall times C'N = 30 pF; - - 1 ~s 

COUT = 30 pF 

CLK 
'-"~~-

V ,H input voltage HIGH 11101 (max) = ±20 ~A 0.7 x VDD - VDD +0.3 V 

V'L input voltage HIGH III Im~) = ±200 ~A -0.3 - 0.5 V 

G, input pin capacitance - - 30 pF 

t" ClK riselfall times G'N = 30 pF - - 9% of period ~s 

with a max. 
of 0.5 ~s 

RESET 

V ,H input voltage HIGH \IH (max_) = ±20)lA 0.7XVDD - VDD +0.3 V 

V'L input voltage LOW III Im~) = ±200 ~A -0.3 - 0.5 V 

Note 

1. It is assumed that a pull·up resistor is used in the interface device (recommend value = 20 kQ). 

LIMITING VALUES 
In accordance with the Absolute Maximum System (IEC 134) 

SYMBOL PARAMETER MIN. MAX. UNIT 

V, input voltage on any pin with respect to ground (V ss) -0.5 ±6.5 V 

I,; 10 input/output current on 1/01 or 1/02 pin - ±5 mA 

Plot total power dissipation per package - 1 W 

Tstg storage temperature range --£5 150 °C 

Tamb operating ambient temperature range 0 70 °C 

HANDLING 

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MaS devices (see 'Handling MaS Devices'). 

November 1991 1112 



Philips Semiconductors Microcontroller Products Preliminary specification 

Secured 8-bit microcontroller 83C852 

CHARACTERISTICS 
VDD ~ 5 V (±10 %); Vss ~ 0 V; T,,,,, ~ 0 to 70 DC; all voltages with respect to Vss unless otherwise specified. 

SYMBOL PARAMETER CONDmONS MIN. TYP. MAX. UNIT 

DC 

VDD supply voltage range 4.5 - 5.5 V 

IOD supply current feu< ~ 3.57 MHz - - 10 mA 

IDD supply current operating mode fel)( ~ 6.0 MHz - - 15 mA 

liD supply current idle mode feu< = 6.0 MHz - - 3 mA 

IpD power-down current 2V~VpO~VDDmax. - - 100 I'A 

1/01; V02 

V ,l input voltage lOW -D.5 0.2 VDD V 

V,H input voltage HIGH 0.2 VOD +D.g VOD +D.5 V 

III input current lOW V, = +0.45 V - - -50 I'A 

I" input current HIGH-to-lOW - - 650 ~A 

VOH output voltage HIGH 100 = -201'A 3.8 - - V 

VOL output voltage lOW 10l= 1.0mA - - 0.4 V 

V ,l RESET; ClK input voltage -0.5 - 0.2 VDD -0.1 V 
lOW 

V,H RESET; ClK input voltage 0.7 VDD - VDD +D.5 V 
HIGH 

III input leakage current 0.45 < V, < VDO - - ±10 I'A 
(RESET; ClK) 

ESD ESD protection C - 100 pF; R = 1.5 k - - 2.0 kV 

AC 

fCLK external clock frequency internal operating 1 - 6 MHz 
frequency = feLK 

!eve cycle time 1 - - I'S 

leeK clock pulse width 45 - 55 % 

~ clock rise time - - tbf ns 

~ clock fall time - - tbf ns 

tpOR power·on reset delay tbf - tbf tbf 

t,.. reset pulse width 12/ feu< - - s 

t, EEPROM ERASE time - 5.0 - ms 

t.. EEPROM WRITE time - 5.0 - ms 

" EEPROM data retention time T""" = 55D C 10.0 - - yrs 

N",w EEPROM endurance (number t. = 5 ms; t.. = 5 ms 10000 - - cycles 
of erase/write cycles 

C 1/01; 1/02; RESET; feu< pin feu< = 1 MHz; T ~b = - - 10 pF 
capacitance 25 DC 
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Philips Semiconductors 80CS1-Based 8-Bit Microcontrollers 

Development support tools 

DEVELOPMENT SUPPORT 
TOOLS 
Philips Semiconductors manufactures 
support tools and also works closely with 
many "third-party" vendors who provide 
support tools for our wide variety of 
80C51-based microcontroller derivatives. 

Development Systems 
In most cases, development systems are 
available in two versions for ROM and 
ROMless applications. The ROM emulation 
products are capable of supporting all 
versions of a given device type, including 
EPROM, ROM, and ROMless devices. In 
contrast, a ROMless emulator can only 
support applications deSigned for a ROMless 
microcontroller. Most development systems 
are designed to connect to an IBM-PC or 
compatible personal computer. 

DEVELOPMENT SYSTEM CONTACTS 

COMPANY ADDRESS 

Ashling Microsystems Limited Plassey Technological Park 
Limerick, Ireland 

BSOTasking 128 Technology Center 
P.O. Box 9164 
Waltham, MA 02254-9164 

Ceibo Ltd. lOS Gleason Rd. 
Lexington, MA 02173 

Merkazim Building, Industrial Zone 
P.O. Box 2106 
Herzelia 46120, ISRAEL 

Nohau Corp. 51 E. Campbell Ave. 
Campbell, CA 95008 

MetaLink Corp 325 E. Elliot Road, Suite 23 
Chandler, AZ 85225 

Philips Semiconductors Corporate Centre 
Building BAE-2 
P.O. Box 218 
5600 MD Eindhoven 
The Netherlands 

SIGNUM Systems 171 E. Thousand Oaks Blvd., 
#202 
Thousand Oaks, CA 91360 

EPROM PROGRAMMING SUPPORT CONTACTS 

COMPANY ADDRESS 

Advin Systems 1050-L East Duane Ave. 
Sunnyvale, CA 94086 

BP Microsystems 10681 Haddington # 190 
Houston, TX 77043 

Data 1/0 Corp. 10525 Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 

Logical Devices, Inc. 1201 Northwest 65th Place 
Ft. Lauderdale, FL 33309 

Logical Systems P. O. Box 6184 
Syracuse, NY 13217-6184 

Needham's Electronics 4535 Orange Grove Ave. 
Sacramento, CA 95841 

North Valley Products P.O. Box 32899 
San Jose, CA 95152 

Slrebor Data Communications 1008 N. Nob Hill 
American Fork, UT 84003 
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EPROM Programming Support 
Philips Semiconductors works closely with 
major suppliers of EPROM programming 
equipment to support our family of EPROM 
microcontrollers. As a result, EPROM 
programming support is available within the 
programming facilities of many major 
distributors. 

The following is a list of vendors that offer 
support for Philips Semiconductors 80C51 
microcontroller family. 

TELEPHONE 

(353) 63-334466 

(617) 894-7800 

(617) 863-9927 

972-52-555387 

(408) 866-1820 

(602) 926-0797 

31-40-724223 

(805) 371-4608 

TELEPHONE 

(408) 736-2503 

(800) 225-2102 
(713) 461-9430 

(206) 881-6444 

(305) 974-0967 

(315) 478-0722 

(916) 924-8037 

(408) 929-5345 

(801) 756-3605 
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Development support tools 

SOFTWARE SUPPORT CONTACTS 

COMPANY ADDRESS TELEPHONE 

Franklin Software, Inc. 888 Saratoga Ave. #2 (408) 296-8051 
San Jose, CA 95129 

Archimedes Software, Inc. 2159 Union SI. (415) 567--4010 
San Francisco, CA 94123 

BSOiTasking Tasking Software BV 31-33-55-85-84 (Telephone) 
P.O. Box 899 31-33-55-00-33 (Fax) 
3800 AW Amersfoort 
The Netherlands 

BSOTasking (617) 894-7800 (Telephone) 
128 Technology Center (617) 894-0551 (Fax) 
P.O. Box 9164 (710) 324-0760 (Telex) 
Waltham, MA 02254-9164 (800) 458-8276 (Toll Free) 

MICROCONTROLLER DEVELOPMENT SYSTEMS 

PRODUCT DEVICES SUPPORTED 

NOHAU CORPORATION 

EMUL51-PC/E32 12MHz Emulator, 32k emulation memory 
EMUL51-PC/EI28 12MHz Emulator, 128k emulation memory 
EMUL51-PC/E32-16 16MHz Emulator, 32k emulation memory 
EMUL51-PC/E128-16 16MHz Emulator, 128k emulation memory 
EMUL51-PC/E128-20 20MHz Emulator, 128k emulation memory 
EMUL51-PC/E128-24 24MHz Emulator, 128k emulation memory 
EMUL51-PC/E128-30 30MHz Emulator, 128k emulation memory 
EMUL51-PC/EI28-33 33MHz Emulator, 128k emulation memory 
EMUL51-PC/E128-BSW 12MHz Emulator, 128k bankswitched CODE memory 
EMUL51-PC/E128-BSW-16 16MHz Emulator, 128k bankswitched CODE memory 
EMUL51-PC/E256-BSW 12MHz Emulator, 256k bankswitched CODE memory 
EMUL51-PC/E256-BSW-16 16MHz Emulator, 256k bankswitched CODE memory 

POD--054 12MHz 83C053, 83C054, 87C054 pod 
POD-31 12MHz8031 pod 
POD--C31 12MHz 80C31 pod 
POD--C31-1 16MHz 80C31 pod 
POD--C31-20 20MHz 8OC31 pod 
POD--C31-24 24MHz 80C31 pod 
POD--C31-30 30MHz 80C31 pod 
POD--C31-33 33MHz 80C31 pod 
POD-32 12MHz 8032 pod 
POD--C32 12MHz 8OC32 pod 
POD--C32-16 16MHz 8OC32 pod 
POD--C652 12MHz 80C652 pod 
POD--C652-16 16MHz 80C652 pod 
POD--C51B 12MHz bondout pod for 8051, 80C51, 83C552, 83C652, 83C654, 83C851, 

and EPROM or ROM less versions of the above 

POD--C51 B-16 16MHz bondout pod for 8051, 80C51, 83C552, 83C652, 83C654. 83C851, and EPROM or ROMless 
versions of the above 

POD--C51 B-24 24MHz version of the above 

POD--C52 12MHz 80C32, 80C52, 87C52 
POD--C52-16 16MHz 80C32, 80C52, 87C52 
POD-CL410 12MHz 80CL31, 80CL51, 83CL410, 83CL610 

POD--C451-D I P 12MHz 80C451 DI P pod 
POD--C451-DIP-16 16MHz 80C451 DI P pod 
POD--C451-PGA 12MHz 80C451 PLCC pod (PGA from pod) 
POD--C451-PGA-16 16MHz 8OC451 PLCC pod (PGA from pod) 
POD--C451 B-PGA 12MHz bondout pod for 83C451, 87C451, 80C451 PLCC (PGA from pod) 

POD--C528 12MHz 83C528, 87C528 
POD--C528-16 16MHz 83C528, 87C528 
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MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 

PRODUCT DEVICES SUPPORTED 

NOHAU CORPORATION (Continued) 

POD-C55G--PGA 12MHz 80C550, 83C550, 87C550 
POD-C550-PGA-16 16MHz 80C550, 83C550,87C550 

POD-C552-PGA 12MHz 8OC552 PLCC (PGA from pod) 
POD-C552B--PGA 12MHz bondout pod for 83C552, 87C552, 80C552 PLCC (PGA from pod), 80C562, 83C562 

POD-C552B--PGA-16 16MHz bondout pod for 83C552, 87C552, 8OC552 PLCC (PGA from pod), 80C562, 83C562 
POD-C552B-24 24M Hz pod for 83552, 87C552, 80C552 
POD-C575 12MHz 87C575 
POD-CL580 12MHz bondout POD for 83CL580 

POD-C592-PGA 12MHz 80C592, 83C592, 87C592 pod 
POD-C592-PGA-16 16MHz 8OC592, 83C592, 87C592 pod 

POD-C652B Order as POD-C51 B 
POD-C851B Order as POD-C51 B 

POD-C751 12MHz83C751,87C751 pod 
POD-C751-16 16MHz 83C751 , 87C751 pod 
POD-C752 12MHz 83C752, 87C752 pod 
POD-C752-16 16MHz 83C752, 87C752 pod 

EMUL51-PCrrR4 12MHz 4k trace buffer option 
EMUL51-PCrrR16 12MHz 16k trace buffer option 
EMUL51-PCrrR4--16 16MHz 4k trace buffer option 
EMUL51-PCrrR16-16 16MHz 16k trace buffer option 

EMUL51-PCrrR16-20 20MHz 16k trace buffer option 
EMUL51-PCrrR16-24 24MHz 16k trace buffer option 
EMUL51-PCrrR16-30 30MHz 16k trace buffer option 
EMUL51-PCrrR16-33 33MHz 16k trace buffer option 

EMUL51-PC/ART64-16 16MHz 64k Advanced Trace Option 
EMUL51-PC/ART256-16 16MHz 256k Advanced Trace Option 
EMULS1-PC/ART64-24 24MHz 64k Advanced Trace Option 
EMUL51-PC/ART256-24 24MHz 256k Advanced Trace Option 
EMUL51-PC/ART64-33 33MHz 64k Advanced Trace Option 
EMUL51-PC/ART256-30 30MHz 256k Advanced Trace Option 

EMUL51-PC/BOX-M Box with serial port and modem 
EMUL51-PC/BOX-CS Serial box with emulator (E128-16) and trace (TRl6--16) 
EMUL51-PC/BOX-CS-20 Serial box with emulator (E128-20) and trace (TRl6--20) 
EMUL51-PC/BOX-CS-24 Serial box with emulator (E128-24) and trace (TRl6--24) 
EMUL51-PC/BOX-CS-30 Serial box with emulator (E128-30) and trace (TRl6-30) 

EMUL51-PC/BOX-S Box with serial port and cable. Box allows operation of emulator external to PC. 

META LINK CORPORATION 

IM-B051/20G--20 iceMASTER-B051 emulator Model 200, 32K emulation memory, 20MHz 
IM-B051140G--20 iceMASTER--B051 emulator Model 400, 32K emulation memory, 4K trace buffer, 

2 performance analyzers, 20MHz 
I M-B051/40G--24 iceMASTER-B051 emulator Model 400, 128K emulation memory, 4K trace buffer, 

2 performance analyzers, 24MHz 
128KUP 128K memory expansion option for iceMASTER-B051 
75211 PGMPC Programmer accessory for ice MASTER to program 87C751, 87C752 

8031-12PC 0.5 to 12MHz8031,80C31 
8031-16PC 0.5 to 16MHz 8031, 80C31 
8031-20PC 0.5 to 20M Hz 8031, 80C31 
8031-24PC 0.5 to 24MHz 8031, 80C31 
S032-12PC 0.5 to 12MHz 8031, SOC31 , 8032, 80C32 
S032-16PC 0.5 to 16MHz 8031, SOC31 , 8032, 80C32 
8032-20PC 0.5 to 20MHz 8031, SOC31 , 8032, 80C32 
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MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 

PRODUCT DEVICES SUPPORTED 

METAUNK CORPORATION (Continued) 

8032-24PC 0.510 24MHz 8032, 8OC32, 8031, 8OC31 
8052-12PC 0.510 12MHz8031, 80C31 , 8032, 8OC32, 8051, 8751, 80C51 , 87C51 , 8052, 8752, 80C52, 87C52 
8052-16PC 0.510 16MHz 8031 , 80C31 , 8032, 8OC32, 8051, 8751, 8OC51 , 87C51 , 8052, 8752, 80C52, 87C52 
80410-12PC 0.510 12MHz80CL410 
80451-12PC 1.210 12MHz 80C451 
80451-16PC 1.210 16MHz 80C451 
80528-12PC 1.210 12MHz80C528 
80528-16PC 1.210 16MHz 80C528 
80552-12PC 1.210 12MHz 80C552, 80C562 
80552-16PC 1.210 16MHz 8OC552, 8OC562 
80652-12PC 1.210 12MHz8031, 80C31 , 80C652 
80652-16PC 1.210 l6MHz 8031, 80C3l , 80C652 
80851-12PC 1.210 12MHz 8031, 80C31, 80C851 
83053-12PC 6 10 12MHz 83C053, 83C054, 87C054 
8345l-12PC 1.210 12MHz80C451, 83C451 , 87C451 
83528-12PC 1.210 12MHz 80C528, 83C528, 87C528, 83C524, 87C524 
83528-16PC 1.210 16MHz 80C528, 83C528, 87C528, 83C524, 87C524 
83550-10PC 1.210 10MHz 80C550, 83C550, 87C550 
83552-12PC 1.210 12MHz 80C552, 83C552, 87C552, 80C562, 83C562 
83552-16PC 1.2 10 16MHz 80C552, 83C552, 87C552, 80C562, 83C562 
83652-12PC 1.210 12MHz 80C652, 83C652, 87C652, 80C552, 83C552, 87C552, 80C562, 83C562 
83652-16PC 1.210 16MHz 80C652, 83C652, 87C652, 80C552, 83C552, 87C552, 80C562, 83C562 
83654-12PC 1.2 10 12MHz 80C652, 83C652, 87C652, 83C654, 87C654, 80C552, 83C552, 87C552, 80C562, 83C562 
83654-16PC 1.210 16MHz 80C652, 83C652, 87C652, 83654, 87C654, 8OC552, 83C552, 87C552, 80C562, 83C562 
83751-12PC 0.510 12MHz 83C751, 87C751 
83751-16PC 0.510 16MHz 83C751, 87C751 
83752-12PC 0.510 12MHz 83C752, 87C752 
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MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 

PHIUPS SEMICONDUCTORS PROBE 

ADAPTER 
CTYPE SUPPORTS ADAPTER SUPPORTS 

Probe! 
Probe base Probe Head OIL PLCC OFP Mise OIL PLCC OFP 

Core C51 CMOS OM 1092 

80C 

8XC 053 CMOS OM5054 42 

axc 054 CMOS OM5054 42 44 42 44 

aoc 31 CMOS OM1092 +OM1097 40 44 +OM4117 - - 44 

aoc 51 CMOS OM1092 +OM1097 40 44 +OM4117 - - 44 

aoc 32 CMOS OM1079 +OM5012 40 

aoc 52 CMOS OM1079 +OMSOI2 40 

axc 451 CMOS OM4123 - 66 +OM4124 64 - -
axc 52a CMOS OM4110 +OM4111 40 44 +OM4117 - - 44 

axc 550 CMOS OM4110 +OMS055 40 44 40 44 

axc 552 CMOS OM1092 +OM1095 - 66 +OM4118 - - 50 

axc 562 CMOS OM1092 +OM1095 - 66 +OM4118 - - 50 

axc 575 CMOS 

axc 592 CMOS OM4110 +OM4112 - 66 

8XC 652 CMOS OM1092 +OM1096 40 44 +OM4117 - - 44 

axc 654 CMOS OM1092 +OM1096 40 44 +OM4117 - - 44 

axc 750 CMOS 

axc 751 CMOS OM1094 524 2a +OM4117 524 2a 

axc 752 CMOS OM5072 2a 2a 2a 28 

axc a51 CMOS OM1092 40 44 +OM4117 - - 44 

axc 852 CMOS OM4119 +OM4118/1 - - - cJess 

+OM411al2 - - - Iso 

+OM411a13 - - - minor 

80CE 

aXCE 556 CMOS OM4110 +OM4271 - - - - +OM4115 - - 60 

aXCE 59a CMOS OM4110 +OM4114 - - - - +OM4115 - - 60 

aXCE 654 CMOS OM1092 +OM1096 - - - - +OM4115 - - 44 

80CL 

80CL 31 SAC CMOS OM1079 40 

aOCl 51 SAC CMOS OM1079 40 

aOCl 32 SAC CMOS OM1079 +OMSOI2 40 

aOCl 52 SACMOS OM1079 +OMSOI2 40 

aXCl 167/267 SACMOS OM1079 +OM4840 S64 S64 

aXCl 168126a SACMOS OM1079 +OM4840 S64 S64 

aXCl 410 SACMOS OM1079 40 40 

aXCl 411 SACMOS OM1079 40 64 P 

aXCl 500 SACMOS OM1097 +OM5004 - - - conn. - - 64 

aXCl 751 SACMOS OM1079 +OMSOI2 40 

aXCl 752 SACMOS OM1079 +OMS012 40 
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PROGRAMMER 

ADAPTER 
SUPPORTS SUPPORTS REMARKS 

Programmer OIL PLCC QFP Mise Adapter OIL PLCC QFP 

BOC 

42 

42 44 

OM4232 40 44 - - OM4236 - - 44 

OM4232 40 44 - - OM4236 - - 44 

OM4231 - 66 - -
OM4232 40 44 - - OM4236 - - 44 

40 44 - -

OM4231 - 66 - - OMXXXX - - 80 Attention: 87C562 does not exist 

OM4232 OM4235 - - 65 

OM4232 40 44 - - OM4236 - - 44 Attention: The 87C652 is in fact a 87C654 marked 

OM4232 40 44 - - OM4236 - - 44 a887C652 

OM4231 XX XX - -
OM4231 XX XX - -
OM4231 XX XX - -

Attenton: The 87851 dies not exist 

BOCE 

- - - - OMXXXX - - 80 MTP verson is 89CE558 

(OM42327) - - - - OM4237 - - 80 

44 

BOCL 

Attention: no erasable versions but "piggybacks" 

(P65CLOOO, P85CL5BO, P65CL781) 
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EPROM MICROCOMPUTER PROGRAMMING SUPPORT 

DEVICE MANUFACTURERIMODEL MODULE/ADAPTOR SOFTWARE VERSION 

87C054SDIP N. Valley Products SAM-054SD 
Philips, Ceibo MP-51 PPA-054SD 

87C51 DIP Aclvin Sailor-PAUSA,/SB Adaptor-8751 
BP Microsystems EP-114O 
Ceibo MP-51 (PMP51SD) PPA-51XSD 
Data 1/0 Unisite 40 V2.2 
Data I/O Unipak 2b 351B103 V16 
Data I/O Series 1000 SR40 V05 (Use Intel 87C51 menu) 
Logical Devices ALLPRO V1.47 
N. Valley Products SPGM-100 SAM-51SD V1.0 
Philips LCPX5X40 (P8051 LCP40) 
SlreborPLP-S1A MC4851 DIP 

87C51 PLCC Ceibo MP-51 (PMP51SD) PPA-51XSD 
Data I/O Unisite 40 Chipsite V2.3 
Data I/O Unipak 2b 351B103P V16 
Logical Devices ALLPRO Required V1.47 
N. Valley Products SPGM-1 00 SAM--51ASD V1.0 
Philips LCPX5X4O (P8051 LCP40) 

87C52 DIP BP Microsystems EP-114O 
Ceibo MP-51 (PMP51SD) PPA-XSD 
Data I/O 29B, Unipak 2b 351B103 V23 
Data I/O Unisite 40 V3.1 
N. Valley ProductsSPGM-100 SAM--52SD 
Philips LCPX5X40 (PB051 LCP40) 

87C451 DIP Ceibo MP-51 (PMP51SD) PPA-451SD 
Logical Devices ALLPRO PPRequired V1.47 
N. Valley Products SPGM-100 SAM-451SD V1.0 

87C451 PLCC Advin Sailor-PAUSA, ISB Adaptor-87451 
Ceibo MP-51 (PMP51SD) PPA-451ASD 
N. Valley Products SPGM-100 SAM-451ASD V1.0 
Data I/O Unisite Chipsite V2.B 
Philips LCPX5X (P8051 LCPX) 

87C528 DIP BP Microsystems EP-1140 
CeiboMP-51 PPA-XSD 
N. Valley ProductsSPGM-100 SAM--528 
Philips LCPX5X40 (PB051 LCP40) 

87C528 PLCC Ceibo MP-51 (PMP51SD) PPA-51XSD 
N. Valley Products SPGM-1 00 SAM--52BA 
Philips LCPX5X40 (PB051 LCP40) 

87C552 Ceibo MP-51 (PMP51SD) PPA-552ASD 
N. Valley Products SPGM-100 SAM-552ASD V2.2 
Data I/O Unisite Chipsite V3.1 
Philips LCPX5X (P8051 LCPX) 

87C652 DIP BP Microsystems EP-1140 
CeiboMP-51 PPA-51XSD 
N. Valley Products SAM-52SD 
Philips LCPX5X40 (P8051 LCP40) 

B7C652 PLCC Ceibo MP-51 (PMP51SD) PPA-51XSD 
Philips LCPX5X4O (P8051 LCP40) 

87C654 DIP BP Microsystems EP-1140 
Ceibo MP-51 (PMP51SD) PPA-51XSD 
N. Valley ProductsSPGM-100 SAM-654SD 
Philips LCPX5X40 (P8051 LCP40) 

87C654 PLCC Ceibo MP-51 (PMP51SD) PPA-51XSD 
Philips LCPX5X4O (P8051 LCP40) 
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EPROM MICROCOMPUTER PROGRAMMING SUPPORT (Continued) 
DEVICE MANUFACTURER/MODEL MODULE/ADAPTOR SOFlWARE VERSION 

87C751 DIP Advin Sailor-PAUSA, iSB EM-751 
BP Microsystems EP-ll40 HEAD-40A 
Ceibo MP-51 (PMP51SD) PPA-751SO 
Data 110 Unisite 40 V2.3 
Data 110 29B, Unipak 2b 351Bl13D 29B V6, Unipak 2B V20 
logical Devices ALLPRO OPTAPC-751 V1.47 
N. Valley Products SPGM-1oo SAM--751SO V1.0 
Needham's Electronics 
MetaUnk 75211 PGMPC V2.6a (use with MicroICE+) 
Logical Systems (Sunshine EW-901) PA751 
Philips LCPX5X (P8051 LCPX) 
SOObor PLP-S1A MC7512DIP 

87C751 PLCC Ceibo MP-51 (PMP51SD) PPA-51XSD 
Data 110 Unisite 40 Chipsite V2.6 
Logical Devices ALLPRO Required V1.47 
N. Valley Products SPGM--1 00 SAM--751ASD V1.0 

87C752 DIP Advin Sailor-PAUSA, iSB EM-751 
BP Microsystems EP-1140 HEAD-40A 
Ceibo MP-51 (PMP51SD) PPA-752SD 
Data 1/0 Unisite 40 V2.6 
N. Valley Products SPGM--1oo SAM--752SD V1.0 (Use Type 751) 
Needham's Electronics 
MetaUnk 75211 PGMPC V2.6a (use with MicroICE+) 
Logical Systems (Sunshine EW-901) PA751 
Logical Devices ALLPRO OPTAPC-752 
Philips LCPX5X (P8051 LCPX) 
Strebor PLP-S1A MC7512DIP 

87C752PLCC Ceibo MP-51 (PMP51SD) PPA-752ASD 
Data VO Unisite 40 Chipsite V2.8 
N. Valley Products SPGM--loo SAM--752ASD V1.0 (Use Type 751) 

NOTE: 

Philips programmers are available in the U.S. through Signetics?? distributors. 
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ADDITIONAL PROGRAMMING SUPPORT 

DEVICE MANUFACTURER MODULE/ADAPTOR COMMENTS 

87C5115216521 logical Systems PA51--44 Use with any 40-pin microcontroller programming site that supports the 
6541528 PLCC appropriate EPROM size. 

87C51 15216521 PA52-OFP Use with any 4O-pin microcontroller programming site that supports the 
6541528QFP appropriate EPROM size. 

87C451 DIP PM51~4 Use with any 87C51 40-pin programming site. 
87C451 PLCC PM51~8 Use with any 87C51 40-pin programming site. 
87CSSO DIP SSOBASE Use with any 87C51 40-pin programming site. 
87CSSOPLCC PA5S0-44 Use w~h any 87C51 4O-pin programming site. 

87CSS2PLCC PA552~8 Use with any 87521C521C2521C51 FA 4O-pin programming site. 
87C752PLCC PA28-28 Use w~h any 87C752 28-pin DIP programmer. 

87C751 PLCC Philips No part number This adapter allows programming the 87C751 PLCC part in conjunction 
assigned with any programmer that can already program the DIP version of the part. 

MICROCONTROLLER SUPPORT 

PRODUCT DEVICES SUPPORTED MANUFACTURER DESCRIPTION 

8051 C Compiler 8051 and derivatives Franklin Software C Compiler for 8051 family 
8051 C Compiler 8051 and derivatives Archimedes Software C Compiler for 8051 family 
8OC51 C Compiler 8051 and derivatives BSOlTasking C Compiler for 8051 family 

P8051DB 8051 and derivatives Ceibo 80C51 Family Development Board 

S87COOKSD -- Philips 12C Demonstration Board. 87C751 contrels various 12C 
peripherals. Board has sockets for 87C752, 87C652, and 
87C552 also. 

-- -- Philips The Philips computer Bulletin Board system has available a 
microcontroller newsletter, application and demonstration 
programs for download, and the ability to send messages to 
microcontroler applications engineers. Access by modem at 
2400, 1200, or 300 baud. The telephone numbers are: 
(800)451~44 (in the U.S.) or (408)991-2406. 

SMI-CNV451SD 80183187C451 Philips Philips product adapts a PLCC emulator plug for the 80C451 to 
the DI P pinout. 

March 1993 1124 



DB-51 
CEIBO Development Board 

DB-51 is a high-performance system design board dedicated to the Philips 80C51 family of microcontrollers. It provides an 
easy-to-use flexible instrument which enables the user to build a primary prototype, analyze and debug it, make changes, and 
continue debugging. And you can improve your design decisions by using the DB-51 to check and test the advantages of 
several different microcontrollers. The DB-51 is also a great training and tutorial aid for becoming familiar with designs using the 
80C51 architecture. Note that the DB-51 is not intended to replace a full emulator system in complex microcontroller designs. 

• Supports most of the Philips 80C51 
derivative microcontrollers 

• Serially linked to IBM PC or 
compatible hosts 

• 32K of user code memory 

• Software breakpoints 

• Examine and alter chip registers, 
RAM, and ports 

• Symbolic debugger compatible with 
linker object files 

• Source Level Debugger for 
Assembler, PLM and C. 

• Software Trace and Performance 
Analyzer 

• Upload and download of object and 
hex files 

• Special wire-wrap area for prototyping 

• User's manual with examples and 
applications designed to familiarize 
the user with 8XC51 architecture and 
programming as well as the use of the 
DB-51 itself 
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SPECIFICATIONS 

The DB-51 is a Development Board Kit to be used with a 
standard IBM-compatible. It includes the board itself, 
software, and user manual. 

System Memory 
DB-51 provides 32K of user code memory. This RAM 
memory permits downloading and modifying of users' 
programs. 

Breakpoints 
Breakpoints allow real-time program execution until an 
opcode is executed at a specified address. 

Symbolic Debugger 
DB-51 allows symbolic debugging of assembler or high-level 
languages. The symbolic debugger uses symbols contained 
in the absolute file generated by the most commonly used 
relocator and linker programs. 

Supported Microcontrollers 
8X31151, 8X32/52, 8XC31151, 8XC32152, 8XC652, 8XC654, 
8XC851, 8XC550, 8XC552, 8XC562, 8XC451, 8XC528, and 
others with external memory addressing and a UART are 
fully supported. 8XCL410, 8XC751 and 8XC752 have very 
limited support. 

Limitations 
"Fully supported" microcontrollers are self-debugging on the 
DB-51. Thus, some of the chip resources are used by the 
board: the monitor program uses the bottom 32K of program 
memory; chips are ~ operated in the external memory 
mode; the UART is used to communicate to the PC and is 
thus not normally available to the user program; interrupt 
response is slowed slightly by re-vectoring from the monitor 

program to the user program; use of watchdog timers and 
power-down and idle modes of operation are limited due to 
interaction with the monitor program. 

"Limited support" microcontrollers do not have on-chip 
UARTs and most do not support external program memory. 
Thus, download of programs to these parts is not supported 
on the DB-51. The 87C751 provided with the board is 
pre-programmed with a "micro" monitor program and some 
predefined experiments described in the user manual. Also, 
these parts use the 12C bus to communicate to the PC, 
limiting the use of 12C for other purposes. 

User Software 
The board is provided with a very easy-to-use menu-driven 
software program as well as command oriented user 
interface software. On-line assembler and disassembler are 
provided together with upload and download capabilities of 
hexadecimal and object files. 

Command Set 
ASM - BIT - BYTE - BREAKPOINT [enable, disable, reset] 
- CHIP [type]- CLS - CODE - DATA - DASM - DEFAULT 
- DIR - EVALUATE - EXIT - GO [from, till]- HALT - HELP 
- HISTORY - LINES - LIST [file]- LOAD [code, symbols]-
LOCALS - MODULES - PORTS - PROCEDURES -
PUBLICS - RBIT - RBYTE - REGISTERS - RESET -
SAVE - SOUND - STATUS - STEP [n]- TIME 

Host Characteristics 
IBM PC/XT/AT or compatible system with 512 kbyte of RAM, 
one floppy disk drive, one RS-232 interface board for the PC 
and cable, PC-DOS 2.0 or later. 

Input Power 
7.5 VDC to 12.0 VDC (9 VDC wall transformer supplied). 

Mechanical Dimensions 
20cmx25cm 

Items Supplied as Standard 
DB-51 board, 80C552 and 87C751 microcontrollers, monitor 
EPROM, power supply, RS-232 cable. 
User software including symbolic debugger, on-line 
assembler and disassembler. 
User's manual and operating instructions. 

ORDERING INFORMATION 

Order part number P8051 DBSD from your 
local Philips Semiconductors Distributor. 

For more information, contact us today: (800)447-1500, ext. 737. 
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DS-51 is a real time in-circuit emulator that supports the new low-power and low-voltage 8051 microcontrollers and 
derivatives. 

The system can emulate the microcontrollers using either the built-in 5V power supply or any voltage applied to the 
target circuitry. This selection is done by means of software control. The permitted voltage range is 1.5V to 6V or 
higher. 

DS-51 emulates almost every 8051 derivative in the complete voltage and frequency range specified by the 
microcontroller manufacturer. 

The supported microcontrollers are: 803112, 80C3112, 80CL3112, 80C5112, 87C5112, 8X51FAIB, 8XCLAIO, 8XC524, 
8XC528, 8XC550, 8XC552, 8XC562, 8XC575, 8XCL580, 8XC592, 8XC652, 8XC654, 8XCL781, 8XC851 and others. 

DS-51 features a Real-Time Trace, Conditional Breakpoints, a unique Assembler Source Level Debugger, Source 
Level Debugger for PLM and C, Performance Analyzer, On-Line Assembler and Disassembler and many more useful 
software functions. 

DS-51 is serially linked to a host IBM PC or compatible computer. The RS-232 interface operates at 115 KBaud. 

FEATURES 

Real time and transparent in-circuit 
emulator. 

Supports most of the 8051 family of 
microcontrollers. 

Source Level Debug for Assembler, 
PLMandC. 

128k of internal memory. 

64k hardware breakpoints and 
conditional breakpoints. 

32k trace memory and logic 
analyzer with external test points. 

Emulates microcontrollers operating 
from 1.5V to 6V and up to 42MHz. 
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SPECIFICATIONS 

EMULATION MEMORY 
DS-51 provides 128KBytes of emulation memory with 
software mapping capabilities. 

HARDWARE BREAKPOINTS 
Up to 64K hardware breakpoints allow real time 
program execution until an opcode or a program line 
is executed at a specified address. 

CONDITIONAL BREAKPOINTS 
A complete set of conditional breakpoints pennits 
halting program execution on code addresses, source 
code lines, access to external data, port and register 
contents, etc .. 

TRACE AND LOGIC ANALYZER 
The 32K deep trace memory is used to record 
microprocessor activities and user selectable test 
points. Edge and level trigger inputs are available for 
starting and stopping the trace recording. The trace 
buffer can be viewed in disassembled symbolics, 
frames or high level language source code. 

PERSONALITY ADAPTERS 
DS-51 uses standard and bond-out microcontrollers for 
hardware and software emulation. The selection of 
different microcontrollers is done by replacing the 
microcontroller on the adapter or, in other instances, 
by changing the adapter. The microcontrollers run at 
the frequency of the crystal installed on the adapter or 
using the clock source supplied by the target 
hardware. 

CEIBO 1 BALLARD TERRACE 
LEXINGTON, MA 
USA 
TEL: 617-8639927 
FAX: 617-8639649 

SOURCE LEVEL DEBUGGER 
DS-51 offers full support for debugging directly in 
Assembler, PLM and C source code. From your 
source code screen you can specify a breakpoint, 
execute a line step or an assembly instruction, open a 
flexible-in-size watch window to display any variable, 
use the function keys to display the trace memory as 
well as registers and data, redefine the Program 
Counter and reset the microprocessor. 

LANGUAGES AND FILE FORMATS 
DS-51 accepts files generated by Intel software 
(Assembler, PLM) or C compilers and assemblers that 
generate Intel compatible hex or object fonnat. 

COMMAND SET 
The available functions include: FILE (load,save), 
DEBUG (go, halt, reset, source level debugger, 
breakpoints), MODIFY (code, data, bit, byte, registers, 
ports, assembler, disassembler), VIEW (watch 
window, publics, locals, modules, procedures, lines, 
symbols, file, dir), TRACE (frames, instructions, 
source lines, mask), SETUP (default, map, chip, base, 
commport). 

HOST CHARACTERISTICS 
WM PC or compatible system with 640KBytes of 
RAM, one serial port, DOS version 2.0 or later. 

INPUT POWER 
85V AC to 265V AC, 50Hz to 60Hz. This makes the 
unit suitable for any country outlet. 

RHEINSTRASSE 32 
6100 DARMSTADT 
GERMANY 
TEL: 6151-9932-0 
FAX: 6151-993299 

MASKIT 5 - P.O.BOX 2106 
HERZELIA 46120 

CALLE JOSUE LILLO 41 
MADRID 28018 

ISRAEL 
TEL: 972-52-555387 
FAX: 972-52-553297 
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05-752 
CEIBO Emulator 

DS-752 is a real-time, high performance microcontroller development system dedicated to the 8XC751/8XC752 single-chip 
microcontrollers. It provides an easy-to-use and flexible instrument which reduces the development and debugging cycle and 
enables the user to solve hardware and software problems quickly and efficiently. It operates with an IBM PC or compatible 
computer and carries out complete real-time and transparent emulation of the target cpu. 

• Real time and transparent in-circuit 
emulator 

• Supports Philips 83C751/83C752 and 
87C751/87C752 microcontrollers 

• Symbolic Debugger compatible with 
Intel object files 

• Source Level Debug for C and PLM 

• Source Level Assembler Debugger 

• 2K hardware breakpoints and 
conditional breakpoints 

• 2K of internal memory 

• 64K Software Trace 

• Performance Analyzer 

• Serially linked to IBM PC or 
compatible hosts 

• On-line Assembler and Disassembler 

• Easy to follow pull-down menus and 
windows 
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SPECIFICATIONS 

Emulation Memory 
OS-752 provides 2KBytes of code memory. 

Hardware Breakpoints 
up to 2,048 hardware breakpoints allow real-time program 
execution until an opcode is executed at a specified address 
or line of your source code. 

Conditional Breakpoints 
A complete set of conditional breakpoints perm~s ha~ing 
program emulation on code addresses, source code lines, 
access to on-chip memory, port and register contents. 

Software Analyzer 
A 64 KByte buffer is used to record any software and 
hardware events of your program, such as executed code, 
memory accesses, port and internal register states, on-chip 
data memory and others. The trace buffer can be viewed in 
disassembled symbolics, or high level language source 
code. Trace recording is not carried out in real-time. 

Symbolic Debugger 
OS-752 allow symbolic debugging of assembler or high-level 
languages. The symbolic debugger uses predefined port and 
register names, and the symbols contained in your software, 
like labels, variable names, line numbers and others. 

Source Level Debugger 
OS-752 gives full support for debugging directly in 
assembler, PLM and C source code. From your source code 
screen you can specify a breakpoint, execute a line step or 
an assembly instruction, open a flexible-in-size watch 
window to display any variable, use the function keys to 
display the trace memory, registers and data, redefine the 
Program Counter, and reset the microprocessor. 

Languages and File Formats 
OS-752 accepts files generated by Intel software 
(Assembler, PLM) or compatibles in hex or object format. 
Other assemblers and high-level languages such as C with 
Intel compatible format (Franklin, Archimedes, IAR, etc.) are 
also supported. 

Personality Adapters 
OS-752 uses standard microcontrollers for hardware and 
software emulation. The selection of a different 
microcontroller is made by software commands and using a 
supplied socket adapter. The systems run at the frequency of 
the crystal on them or from the clock source supplied by the 
user hardware. Therefore, the same system may be adapted 
to your frequency requirements. 

The minimum frequency is determined by the emulated chip 
characteristics, while maximum frequency for standard 
probes is l6MHz. 

Supported Devices 
83C75l, 87C751, 83C752, 87C752. 

Command Set 
The available functions include: FILE (load, save), OEBUG 
(go, halt, reset, source level debugger, breakpoints), 
MODIFY (code, byte, registers, ports, assembler, 
disassembler), VIEW (watch window, publics, modules, 
procedures,lines, symbols, file, dir), ANALYZER (cond~ional 
breakpoints, software trace, event watch), SETUP (default, 
chip, base, rs-232 port). 

Host Characteristics 
IBM PCIXT/AT or compatible system with 640 KBytes of 
RAM, one floppy disk drive, one RS-232C interface card for 
the PC, PC-ODS 2.0 or later. 

Input Power 
7.5VOC to 12VOC or 5VDC/500mA from the user circuit. 

Mechanical Dimensions 
l"x 5"x 6" (2.4cm x l3cm x 15 cm). 

Items Supplied as Standard 
In-circuit emulator w~h 2 KByte breakpoints, 2 KByte Internal 
Code Memory. Personalny adapter for 24-pin OIP 
microcontrollers. User Software including source level 
debugger, on-line assembler and disassembler. User's 
Manual and Operating Instructions. RS-232 Interface Cable. 
9 VDC wall transformer. 

warranty 
Six months lim~ed warranty; parts and labor. 

Ordering Information 

Pan No: P752EM SO 

Available through Philips distributors. 

12NC: 9350-554-10602 

For more Information, call: (800)447-1500, ext. 737 
for the number of your nearest Philips Semiconductors Sales Offlce_ 
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MP-51 
CEIBO Programmer 

MP-51 is an EPROM, PLD and Microcontroller Programmer dedicated to standard 24 to 32-pin EPROMs, all of the 
microcontrollers belonging to the 8051 family, and high density PLDs. Its modern design provides a powerfullow-cost and high 
performance instrument, easy to use and conveniently sized. 

MP-51 operates with an IBM PC/XT/AT or compatible personal computer, and carries out a set of powerful functions on the 
selected device. An RS-232 interface is used to link MP-51 to a PC. 

The unit consists of the instrument and adaptors. The adaptors may be replaced to suit the user's requirements. Adapters are 
available for all the possible packages such as DIP, QFP, LCC and PLCC. 

MP-51 software handles a PC Memory Buffer where code is loaded from a disk or filled with the contents of a device. 
Furthermore, this buffer may be saved on a disk file, parts of the buffer can be moved from one location to another, filled with a 
constant, or modified by the user. The Memory Buffer can be displayed, and finding values or strings in it is possible. 

Before programming, MP-51 checks if the installed adapter is compatible with the device type selected by the user. This test is 
done before programming any device. 

MP-51 has the capability to check if the device is totally erased, and can also compare if the contents of the plugged device are 
equal to the contents of the Memory Buffer. Address range can be specified for both operations. 

MP-51 allows to enable or disable the PLD or Microcontroller security capabilities and handles the Lock Bit 1, Lock Bit 2, Lock 
Bit 3 and Encryption Table available in several Microcontrollers. 

• High quality EPROM, PLD and 
Microcontroller Programmer 

• Serially linked to IBM PCIXT/AT or 
other compatible host computers 

• LoadslSaves Hex, Binary, Object and 
JEDEC files to and from disk 

• Easy to follow windows and pull-down 
menus 

• Supports 24 to 32-pin EPROMs, 
several PLDs and all Philips PSD 
devices, members of the 8051 and 
80C51 family of Microcontrollers 

• Programs Lock Bits, Encryption Tables 
and Security Bits 
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SPECIFICATIONS 

Supported Devices 
EPROMs: 2716, 2732, 2764, 27128, 27256, 27512, 27010, 
27040, both NMOS and CMOS versions for all the available 
programming voltages. 

Microcontrollers: 8751H, 8751BH, 87C51 , 87C51FAlB/C, 
87C52, 87C451 , 87C528, 87C550, 87C552, 87C562, 
87C575,87C592,87C652,87C654,87C751,87C752, 
87C054-MT and others. 

PLDs: AT22V1 0, ATV750, ATV2500, ATV5000. 
PSD Devices: PSD3XX 

File Formats 
MP-51 loads different file formats: 

- Intel Hex files and Motorola S-records 

- Bi nary files 

- Object files 
- JEDEC files 

It saves portions of memory in Intel Hex, Binary and JEDEC 
formats. 

Command Set 
The available functions include: TYPE, BLANK CHECK, 
SECURITY, PROGRAM, LOAD, SAVE, READ, VIEW, 
COMPARE, CHECKSUM, FILL, MOVE, MODIFY, 
DIRECTORY, CHANGE DIR, TEXT FILE, DUMP, QUIT. 

Host Characteristics 
IBM PC/XT/AT or compatible system with 512 KBytes of RAM, 
one floppy disk drive, one RS-232 interface card for the PC, 
PC-DOS 2.0 or later. 

Input Power 
85VAC to 263VAC, 50Hzto 60Hz. That makes this unit suitable 
for any country outlet. 

Mechanical Dimensions 
MP-51 is 155mm long, 60mm high, and 250mm wide. 

Adapters and Supported Devices 
The following list partially shows which adapter should be used 
for the different supported devices: 

PPA-EPROM 28-Pin DIP. 2716 to 27512 
NMOS and CMOS 

PPA-51X 40-Pin DIP 8751 H, 8751 BH, 
87C51 , 87C52, 
87C528, 87C550, 
87C652, 87C654 

PPA-51XASD 44-Pin PLCC 8751 H, 8751 BH, 
87C51 , 87C51 , 
87C528, 87C652, 
87C654 

PPA-751SD 24-Pin Skinny DIP 87C751 

PPA-751ASD 28-Pin PLCC 87C751 

PPA-752SD 28-Pin DIP 87C752 

PPA-752ASD 28-Pin PLCC 87C752 

PPA-451SD 64-Pin DIP 87C451 

PPA-451ASD 68-Pin PLCC 87C451 

PPA-552ASD 68-Pin PLCC 87C552, 87C562 

PPA-550ASD 44-Pin PLCC 87C550-PLCC 

PPA-592ASD 68-Pin PLCC 87C592 

PPA-054SD 42-Pin Shrink DIP 87C054-MTV 

Items Supplied as Standard 
MP-51 Programmer. User software. User's Manual. RS-232 
cable and adapters. Power cord is not included. 

Warranty 
Six months limited warranty; parts and labor. 

Ordering Information 

PMP-51 SO (includes PPA-51 X adapter) 

Available through Philips distributors. 

For more information, call: (800)447-1500, ext. 737 
for the number of your nearest Philips Semiconductors Sales Office. 
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DESCRIPTION 

unique iceMASTER·PE packs an advanced fea
set into a tiny, palm-sized package that any engineer 
afford. Designed for demanding projects, 

supports frequencies up to 40 MHz 
a full complement of emulation memory, external 
memory, and a transparent trace buffer 16K 

.r~Tn''''. deep with advanced searching capabilities. The 
emulator plugs directly into the target applica

or operates in a stand-alone mode. 

iceMASTER·PE is the world's most portable emu
because the emulator and probe electronics are 
integrated into a pocket-able package about the 
of a PC mouse. To achieve this dramatic break

.",rrnlo-h in the size and cost of high-performance emu
_uu~,u, MetaLink invented a new emulation system 

Advanced Emulator Technology (AET, 
pending). 

the highest development productivity and is 
to learn and easy to use, due to context-sensitive 

... ·"nprtp.~~t and hyperlinked help system. This powerful, 
"."~rln"tiu" interface gives the user total control and 
.1vAIVlllL y in the configuration of the size, position, con-

and color of each window. 

iceMASTER·PE includes a full symbolic and source
debugger for Assemblers and Compilers. The 

supports all 9 of the most popular 8051 
.... ~~""w.''''~ and Compilers. 

iceMASTER·PE sets the new standard for excel
and portability in 8051 family emulation. 

MetaLink Corporation 
325 E. Elliot Road 
Chandler, AZ 85225 

Phone: (602) 926-0797 
Phone: (800) 638-2423 
Fax: (602) 926-1198 

1042·000f992fTP 
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KEY CHARACTERISTICS 
o Supports 8031, 8032, C501 and 8XC7511752 

o Supports 8051 family devices up to 40MHz 

o Full-Featured, Real-time & Transparent Emulator 

o Emulator and Probe electronics integrated into a 
single package only 3" x 4" x I" 

o Plugs directly into target applications or operates in a 
stand-alone mode 

o Based on patent-pending AET system architecture 

HARDWARE CAPABILITIES 

o 64K Program & 64K External Data Memory 

o 16K frame trace buffer 

o View trace while executing 

o 128K hardware breakpoints 

o 64K Trace ON/OFF triggers 

o Integrated diagnostic self-test capability 

SYSTEM FEATURES 

o PC-hosted via RS-232 serial link 

o Efficient, powerful, easy to learn 

o User control of window size, content & color 

o Supports third party Assemblers & Compilers 

o Full Symbolic & Source-Level debug 

o Complete system - includes Emulator, 
8051 Macro Cross Assembler, 
RS-232 cable & power supply 



METALINK CORPORATION (602) 926-0797 FAX (602) 926-1198 

FLEXIBLE, EASY-TO-USE INTERFACE 
iceMASTER has an advanced, windowed user inter

face that emphasizes ease of use. Each window can be 
sized, moved, highlighted, scrolled, color-controlled, 
added, or removed completely. iceMASTER provides 
pull-down and pop-up menus, function keys, and con
text-sensitive help. The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 

You have immediate access to the hypertext!hype 
linked, context-sensitive, on-line help system which 
clearly explains what your options are (at any detail 
level you choose), keeping you productive. There is 
even a HELP-FOR-HELP feature. Whether you are 
beginning your first design project, or are a veteran 
designer searching for the fastest possible debugging 
method, you will appreciate the EASE-OF-USE features 
designed into iceMASTER. 

Novices can navigate smoothly through a debugging 
session by accessing the commands and menus as stan
dard pull-downs. Experienced designers can instanta
neously pop-up their menu of choice by using redefin
able hot keys. 
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DECREASED DEVELOPMENT TIME 
Your iceMASTER source window accelerates the 

debugging process with Dynamically Annotated Code. 
When single-stepping, instruction execution information 
is displayed and retained next to each instruction. You 
can clearly see the data behind your program's flow, 
including contents of all accessed (read or write) memo
ry locations and registers, as well as flow-of-control 
direction change markers. A moving color bar indicates 
the current position in the program as it executes. 

At your option, the iceMASTER source window 
allows operations on three different views of code 
memory: disassembled instructions, instructions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 

HLL source statements and symbolic disassembly 
information are also displayed when you disassemble 
the program or view the trace buffer. 
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THE COMPLETE DEBUGGER 
The trace buffer captures data in real-time. Trace 

information consists of address and data bus values 
and user-selectable probe clips. You can view the 
trace buffer data through several display filters: raw 
hex, disassembled instructions, instructions mixed 
with HLL source statements, or HLL source only. 
You can display the probe clip bit values in binary, 
hex, or digital waveform formats. 

You can trigger the trace to begin capturing data on 
all instructions leading up to a breakpoint, around 
(before and after) a breakpoint, or following a break
point. Capture filtering allows you to focus attention 
only on areas of interest, eliminating clutter. 

To further speed your design process, an integrated 
search mechanism allows you to locate any label, HLL 
source line number, or address in the trace buffer in 
either the backward or forward direction. The days of 
manually scanning or post-processing a large buffer of 
trace data are gonef 

If you WRITE your program in a HLL, you should 
be able to DEBUG it that way - iceMASTER lets you 
do just that! 
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IMPROVING THE QUALITY OF YOUR 
PRODUCT: FINDING THE HOT (OR 
NOT SO HOT) SPOTS 

iceMASTER emulators (Model 400 & PE) provide a 
PERFORMANCE ANALYZER that allows you to 
monitor the time spent executing specific portions of 
your program to find "hot spots" or "dead code." You 
can define and analyze memory areas based on code 
address, module, line number or label ranges. 

You can view results dynamically during emulation 
or later for a more detailed analysis. You can toggle the 
display from bar graph format to actual frequency 
counts, and you can filter the level of detail in the dis
played results to include raw data, code labels, and/or 
HLL source statements. 

iceMASTER Model 400 provides an additional Per
formance Analyzer that is the absolute best in the indus
try for tuning and testing your code. It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, logically 
related subranges, (e.g. groupings of related functions 
which are not necessarily contiguous in memory). 
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FINDING THAT BUG 
You have access to as many as 128K breakpoints 

and 64K tracetriggers. These triggers can be enabled, 
disabled, set or cleared. Simple triggers are based on 
code or external data addresses or address ranges. 
Simple breakpoints can be set or cleared directly in 
the source window at disassembled instructions or 
HLL source statements. 

Breakpoints can also be complex triggers, based on 
code address, direct address, bit address, opcode value, 
opcode class or immediate operand. Complex triggers 
can be ANDcd and ORed together. 

Finding that elusive bug is now much easier! 
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SMALL AND POWERFUL 
Some companies design emulators that use one or two 

full size PC expansion board slots. These companies 
take it for granted that you have the "right" kind of 
PC, that you don't need the expansion slots for some-
thing else, and that you don't mind taking apart your 
computer to install their emulator! 

At MetaLink, we don't take our customers for granted. 

The iceMASTER family is the culmination of over 7 
years of focused engineering by MetaLink to bring 
advanced semiconductor technologies to emulator 
design. Using state-of-the-art PALs (PEELs), LCAs, 
VLSI memories and microprocessors, MetaLink 
designed world-class emulation capability into the 
smallest emulator footprints in the industry, combining 
powerful and complex emulation features with all
around ease-of-use. 

The high speed serial link connects easily to the back 
of your computer with a standard RS-232 cable. The 
emulators are smaller than the size of a VCR tape, fit 
neatly in crowded work spaces and are easy to move 
around on the bench or to other computers. 
PORTABLE PRODUCTIVITY! 



iceMASTER-PE Development System 
MctaLink specializes in enhancing the emulation technology required by EMBEDDED SYSTEMS DESIGNERS. MetaLink has consistently Jed the industry in emulation technology: 

The first PC-based 8051 emulator; the first 8052 emulator; the tirst to offer support for all the unique features of the 8051 family components, such as watchdog-timer, idle modes, power 
down mode, DMA, and AID. 

MetaLink is a full-service emulation company. We support our customers over the long tenn with services such as repair, discounted upgrades, rental units, IO-Jay trial purchase periods, 
and free technical support for applications problems. A network of world-wide sales and service representatives is augmented by a well-trained telemarketing staff at headquarters. 

o HOST SPECIFICATIONS 
Host IBM PC, XT, AT, 386, 486, PS/2, Laptop, 
Notebook or compatible system, 640K bytes of 
RAM, Hard Disk Drive, Monochrome or 
Color Display, with a Standard RS-232 Serial 
Port. Operating System DOS 2.0 or greater. 

o EMULATORSOFTWARE 
SPECIFICATIONS 
File Formats Supported with Symbolic or 
Source-Level Debugging: 

Archimedes, Avocet, BSOrrasking, Franklin, 
IAR Systems, Intel OMF, Keil, MCC, Microtec 
Research, Motorola'S' records and Intel HEX. 

• Source/Symbol Support: 
Assembler, C and PL/M Languages 

Symbolic or Source-Level Debug: 
Seumg of Breakpoints 
Setting of Trace ON/OFF 
Viewing of Trace Buffer 
Viewing of Source Window Display 
Viewing of Performance Analyzer 
Assembly/Disassembly of Code 

HLL Structure/Content Display of: 
Modules Line Numbers 
Scopes Program Variables 

o EMULATOR HARDWARE 
SPECIFICATIONS 
iceMASTER-PE MODEL 

8031: Supports 8031 and 80C31 
Operates up to 33MHz 
40-Lead DIP or optional 44-Lead PLCe 

8032: Supports 8031, 80C3!, 8032 and &OC32 
Operates up to 24MHz 
40-Lead DIP or optional 44-Lead PLCC 

83752: Supports 83C751, 87C751, 83C752 & 87C752 
Operates up to 16MHz 
24- & 28-Lead DIP or optional 28-Lead PLCC 

C501: Supports 8031, 80C31, 8032, 80C32, and C501 
Operates up to 40MHz 
40-Lead DIP or optional 44-Lead PLeC 

o OPERATING CHARACTERISTICS 
Clock frequency user-selectable between external target 

crystal/clock or internal dock source 
Real-time, Electrically and Operationally Transparent 

o USER INTERFACE 
Keyboard or Mouse Control 
Pull-down & Pop-up menus with fiU-in box.es 
Available Main Screen Windows: 

Registers and PSW bits 
Bit Memory 
Stack data displayed in HEX &/or ASCII 
Up to 5ln1emal Data Memory displayed in HEX &lor ASCll 
Up to 5 External Data Memory displayed in HEX &lor ASCll 
Up to 5 Code Memory displayed in HEX &Ior ASCII 
Source Program displayed in Code, HLL Source or Mixed 
Watch window for variable data 
System Status data 

Main Screen Window Display Controls: 
Movable Selectable (On/Off) 
Sizable 
Scrollable 

Color selection 
Highlighting of key data 

Call Today 

Function/Hot Key Access: 
User-assignable for commands 
User-displayable for quick reference 

o MEMORY OPERATIONS 
Emulation Memory: 

64K Program Memory 
64K External Data Memory 

Mapping Resolution: 
Program: Down to I-byte 
External Data: Down to I-byte 

Program Memory: 
Single Line Assembler (full instruction set support) 
Disassemble in Code or Source/Code mode 
Disassembly may be written to a disk file 

Data Memory: 
Internal or External Memory 
Fill a hlock of memory with data 
Copy a block of data to another area 

Change a single address data content 
Compare any two blocks of addressed data 
Displayed data may be written to a file 

Registers/SFRs/Bit Memory: 
Examine or MOdify 

Program Variables: 
Examine or Modify 

o EMULATION CONTROLS 
Reset from Emulator and Go 
Reset from Target and Go 
Reset Processor 
Go from current Program Counter 
Go From a new Program Counter 
Go Until a Program Counter/Label 
Slow Motion (Repetitive Step commands) 
Step by machine instruction 
Step by Line Number 
Step Over calls 
Step To next function or procedure 

o HARDWARE BREAKPOINTS 
64K real-time Program Addresses 
Up to 64K real-time External Data Addresses 

o TRIGGER CONDITIONS 
Set directly in Source window or Pull-down menu 
PC address & range of addresses 
Opcode Value 
Opcode Class 
SFRs/Registers 
Direct byte address & range of addresses 
Direct bit address & range of addresses 
Immediate operand value 
Read/Write to bit address 
Register address modes 
Read/Write to Register address 
Logical AND/OR of any of the above 
External Data address & range of addresses 
Break Count Ovetflow 
External (CLIP) Break Input 
External (CLIP) Trigger Output 

o TRACE 
Real-time trace with view while executing code 
16K-Frame Trace Buffer 
Start, Center, End and Variable Trace Trigger settings 
Up to 64K Trace ON/OFF triggers for trace filtering 

1(800) 638·2423 
1(800) METAICE 

Rental plans are available. 
or contact your local distributor 

Trace Contents consist of: 
16-bits Address Bus 
8-bits Data Bus 
7-bit:s External Clips 

Trace Display Modes: 
Raw Hex 
Symbolic 
IILL Source 
Mixed 

External Clips display format: 
Binary data 
HEX data 
Digital waveform 

Trace Buffer Operations: 
Write trace buffer to a disk file 
Search trace buffer for labels & addresses 

o PERFORMANCE 
ANALYZER 
Program profiling capability 
7 year duration 
Display options: 

Bar Graph 
Frequency Count 

Display Modes: 
Raw HLL Source Lines 
Symbolic Mixed 

Up to 999 Bin capacity 
User-controlled Bin set-up: 

By Address By Symbol 
By Module By Line Number 
Automatic 

o HELP 
On-Line 
Context sensitive 
Hypertext/Hyperlinked 

o DIAGNOSTIC SELF·TEST 
Detennines Emulation Hardware Status 

o MACRO 
Repetitive routines 
User-created and callable 

o ELECTRICAL 
SPECIFICATIONS 
Input Power (maximum): 

0.75 A @ +5 VDC +/-5% 
Power Source: Target system or power supply 

o MECHANICAL 
SPECIFICATIONS 
Emulator Dimensions: 

4.4" x 3.25" x 0.9" 
1l.18cm x 8.25cm x 2_29cm 

Emulator weight: 
O.51bs 0.3kg 

o ANNUNCIATORS 
Power and Active LEOs 
Power ON/OFF switch 

o WARRANTY 
One (1) year limited warranty, parts and labor 

Product names are used to purposes of identification only and may be trademarks or registered trademarks of their respective companies. 
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PRODUCT DESCRIPTION 

The iceMASTER-8051 Model 200/400 emulator repre
sents a culmination of 7 years of focused engineering to 
create the world's most affordable and portable full-fea
tured emulators. 

The iceMASTER-8051 emulators offer real-time and 
transparent emulation at up to 24MHz for a broad 
number of derivative devices through the use of inter
changeable probe cards. Powerful breakpoint systems 
allow an engineer to stop a program at any time and 
examine all states and conditions. Trace memory pro
vides a complete history of each event that has 
occurred, including source-level information, address,. 
data, status, searching and external logic events. The· 
best performance analyzer capability in the industry 
allows a thorough evaluation of the program to decide 
what areas are taking the most time and simplify those 
areas requiring improved performance. 

The iceMASTER-8051 emulators support symbolic and 
source-level debugging for the most popular 8051 
Cross Assemblers, 'C' Compilers, and PL/M Compilers. 
These capabilities allow the designer to debug their 
system the way it was designed, at the symbolic or 
source-level. This methodology increases productivity 
while decreasing cost and time-to-market. 

The iceMASTER-8051 emulators provide pull-down 
and pop-up menus, mouse support, function/hot keys, 
and context-sensitive hyperlinked help. The advanced 
windowed user interface emphasizes ease of use. Each 
window can be sized, moved, scrolled, highlighted, 
color-controlled, added or removed completely. The 
contents of any memory space may be perused and 
altered directly from the appropriate window, with multi
ple memory spaces displayable simultaneously. 

MetaLink Corporation 
325 E. Elliot Road 
Chandler, AZ 85225 

© 1992 MetaLink Corporation 

Phone: (602) 926-0797 
Phone: (800) 638-2423 
Fax: (602) 926-1198 

1D43-000/992/TP 
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KEY CHARACTERISTICS 

o Full-Featured, Real-time & Transparent Emulator 

o Supports 8051 family devices up to 24MHz 

o Interchangeable Probe Cards 

o Hosted on any PC or compatible, including Laptops, 
Notebooks, or Micro Channel 

o 115K baud serial link using a standard comm port 

o Unlimited user support 

HARDWARE CAPABILITIES 

o 64K Program & 64K External Data Memory 

o 4K frame trace buffer 

o Advanced trace search ability 

o 128K hardware breakpoints 

o 64K Trace ON/OFF triggers 

o Broad 8051 derivative device support 
(more than 65 devices) 

o Dual Performance Analyzers 

SYSTEM FEATURES 
o Efficient, powerful, easy to learn 

o User control of window size, content & color 

o Supports third party Assemblers & Compilers 

o Full Symbolic & Source-Level debug 

o Complete system - includes Emulator, 
8051 Macro Cross Assembler, 
RS-232 cable & power supply 
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FLEXIBLE, EASY-TO-USE INTERFACE 
iceMASTER has an advanced, windowed user inter

face that emphasizes ease of use. Each window can be 
sized, moved, highlighted, scrolled, color-controlled, 
added, or removed completely. iceMASTER provides 
pull-down and pop-up menus, function keys, and con
text-sensitive help. The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 

You have immediate access to the hypertext!hype 
linked, context-sensitive, on-line help system which 
clearly explains what your options are (at any detail 
level you choose), keeping you productive. There is 
even a HELP-FOR-HELP feature. Whether you are 
beginning your first design project, or are a veteran 
designer searching for the fastest possible debugging 
method, you will appreciate the EASE-OF-USE features 
designed into iceMASTER. 

Novices can navigate smoothly through a debugging 
session by accessing the commands and menus as stan
dard pull-downs. Experienced designers can instanta
neously pop-up their menu of choice by using redefm
able hot keys. 
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DECREASED DEVELOPMENT TIME 
Your iceMASTER source window accelerates the 

debugging process with Dynamically Annotated Code. 
When single-stepping, instruction execution information 
is displayed and retained next to each instruction. You 
can clearly see the data behind your program's flow, 
including contents of all accessed (read or write) memo
ry locations and registers, as well as flow-of-control 
dircction change markers. A moving color bar indicates 
the current position in the program as it executes. 

At your option, the iceMASTER source window 
allows operations on three different views of code 
memory: disassembled instructions, instructions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 

HLL source statements and symbolic disassembly 
information are also displayed when you disasseml>le 
the program or view the trace buffer. 
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THE COMPLETE DEBUGGER 
The trace buffer captures data in real-time. Trace 

information consists of address and data bus values 
and user-selectable probe clips. You can view the 
trace buffer data through several display filters: raw 
hex, disassembled instructions, instructions mixed 
with HLL source statements, or HLL source only. 
You can display the probe clip bit values in binary, 
hex, or digital waveform formats. 

You can trigger the trace to begin capturing data on 
all instructions leading up to a breakpoint, around 
(before and after) a breakpoint, or following a break
point. Capture filtering allows you to focus attention 
only on areas of interest, eliminating clutter. 

To further speed your design process, an integrated 
search mechanism allows you to locate any label, HLL 
source line number, or address in the trace buffer in 
either the backward or forward direction. The days of 
manually scanning or post-processing a large buffer of 
trace data are gone! 

If you WRITE your program in a HLL, you should 
be able to DEBUG it that way - iceMASTER lets you 
do just that! 
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IMPROVING THE QUALITY OF YOUR 
PRODUCT: FINDING THE HOT (OR 
NOT SO HOT) SPOTS 

iceMASTER emulators (Model 400 & PE) provide a 
PERFORMANCE ANALYZER that allows you to 
monitor the time spent executing specific portions of 
your program to find "hot spots" or "dead code." You 
can define and analyze memory areas based on code 
address, module, line number or label ranges. 

You can view results dynamically during emulation 
or later for a more detailed analysis. You can toggle the 
display from bar graph format to actual frequency 
counts, and you can filter the level of detail in the dis
played results to include raw data, code labels, and/or 
HLL source statements. 

iceMASTER Model 400 provides an additional Per
formance Analyzer that is the absolute best in the indus
try for tuning and testing your code. It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, logically 
related subranges, (e.g. groupings of related functions 
which arc not necessarily contiguous in memory). 
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FINDING THAT BUG 
You have access to as many as 128K breakpoints 

and 64K tracetriggers. These triggers can be enabled, 
disabled, set or cleared. Simple triggers are based on 
code or external data addresses or address ranges. 
Simple breakpoints can be set or cleared directly in 
the source window at disassembled instructions or 
HLL source statements. 

Breakpoints can also be complex triggers, based on 
code address, direct address, bit address, opcode value, 
opcode class or immediate operand. Complex triggers 
can be ANDed and ORed together. 

Finding that elusive bug is now much easier! 
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SMALL AND POWERFUL 
Some companies design emulators that use one or two 

full size PC expansion board slots. These companies 
take it for granted that you have the "right" kind of 
PC, that you don't need the expansion slots for some-
thing else, and that you don't mind taking apart your 
computer to install their emulator! 

At MetaLink, we don't take our customers for granted. 

The ice MASTER family is the culmination of over 7 
years of focused engineering by MetaLink to bring 
advanced semiconductor technologies to emulator 
design. Using state-of-the-art PALs (PEELs), LCAs, 
VLSI memories and microprocessors, MetaLink 
designed world-class emulation capability into the 
smallest emulator footprints in the industry, combining 
powerful and complex emulation features with all
around ease-of-use. 

The high speed serial link connects easily to the back 
of your computer with a standard RS-232 cable. The 
emulators are smaller than the size of a VCR tape, fit 
neatly in crowded work spaces and are easy to move 
around on the bench or to other computers. 
PORTABLE PRODUCTIVITY! 



iceMASTER-8051 Model 200/400 Development Systems 
MctaLink specializes in enhancing the emulation technology required by EMBEDDED SYSTEMS DESIGNERS. MetaLink has consistently led the industry in emulation technology' 

The first PC-based 8051 emulator; the first 8052 emulator; the first to offer support for all the unique features of the 8051 family components, such as watchdog-timer, idle modes, power 
down mode, DMA and AID. 

MetaLink is a full-service emulation company. We support our customers over the long term with services such as repair, discounted upgmdes, rental units, lO-day trial purchase periods, 
and free technical support for applications problems. A network of world-wide sales and service representatives is augmented by a well-trained telemarketing staff at headquarters. 

o HOST SPECIFICATIONS 
Host IBM PC, XT, AT, 386, 486, PS/2, Laptop, 
Noteoook or compatible system, 640K bytes of 
RAM, Hard Disk Drive, Monochrome Of 

Color/Graphic Display, with a Standard RS-232 
Serial Port. Operating System DOS 2.0 or greater. 

o EMULATORSOFTWARE 
SPECIFICATIONS 
File Fonnats Supported with Symoolic or 
Source-Level Debugging: 

Archimedes, Avocet, BSO{fasking, Franklin, 
IAR Systems, Intel OMF, Keil, MCC, Microtec 
Research, Motorola'S' records and Intel HEX. 

Source/Symbol Support: 
Assembler, C and PL/M Languages 

Symbolic or Source-Level Debug: 
Setting of Breakpoints 
Setting of Trace ON/OFF 
Viewing the Trace Buffer 
Viewing of Source Window Display 
Viewing of Perfonnance Analyzer 
Assembly/Disassembly of Code 

HLL Structure/Content Display of: 
Modules Line Numbers 
Scopes Prugf<:Uii Variables 

o EMULATOR HARDWARE 
SPECIFICATIONS 
iceMASTER -8051 Models: 

200 Basic Emulator 
4«) Enhanced Emulator with: 

4K Trace Buffer 
2 PerforrnaIK:e Analyzers 
Full Watchdog Timer Support 

Operating Modes: 
Single-Chip ROM 
Romless 

Interchangeable Probe Card 
Used to support the functional derivatives of each micro 
controller family as well as the full range of NMOS, 

CMOS, EPROM, and OTP technology variations. Contact 
MetaLink for the latest information on any device supported. 

Device Unique Support 
A-to-D Converter 
FIFO 
Multiple-Divide Unit 
Multiple DP'IRs 

o OPERATING CHARACTERISTICS 
Clock frequency user-selectable between external target 

crystal/clock or internal crystal source 
Electrically and Operationally Transparent 
Real-time: 0.5-24MHz 

o USER INTERFACE 
Keyboard or Mouse Control 
Pull-down & Pop-up menus with fill-in boxes 
Available Main Screen Windows: 

Registers and PSW bits 
Bit Memory 
Stack data displayed in HEX &/or ASCII 
Up to 5 Internal Data Memory diplayed in HEX &lor ASCII 
Up to 5 External Data Memory displayed in HEX &/or ASCII 
Up to 5 Code Memory displayed in HEX &/or ASCII 
Source Program displayed in Code, HLL Source 

or Mixed 

Call Today 

Watch window for variable data 
System Status data displayed in HEX 

Main Screen Window Display Controls: 
Movable Selectable (On/Off) 
Sizable Color selection 
Scrollable Highlighting of key data 

Function/Hot Key Access: 
User-assignable for commands 
User-displayable for quick reference 

o MEMORY OPERATIONS 
Emulation Memory: 

64K Program Memory 
64K External Data Memory 

Mapping Resolution: 
Program: 16-byteslblock 
External Data: 16-bytes/block 

Program Memory: 
Single Line Assembler (full instruction set support) 
Disassemble in Code or Source/Code mode 
Disassembly may be written to a disk file 

Data Memory: 
Internal or External Memory 
Fill of a block of memory with data 
Copy a block of data to another area 
Change a single address data content 
Compare any two blocks of addressed data 
Displayed data may be written to a file 

Registers/SFRs/Bit Memory: 
Examine or Modify 

Program Variables: 
Examine or Modify 

o EMULATION CONTROLS 
Reset from Emulator and Go 
Reset from Target and Go 
Reset Processor 
Go from current Program Counter 
Go From a new Program Counter 
Go Until a Program Counter/Label 
Slow Motion (Repetitive Step commands) 
Step by machine instruction 
Step by Line Number 
Step Over calls 
Step To next function or procedure 

o HARDWARE BREAKPOINTS 
64K real-time Program Addresses 

64K real-time External Data Addresses 

o TRIGGER CONDITIONS 
Set directly in Source window or Pull-down menu 
PC address & range of addresses 
Opcode Value 
Opcode Class 
SFRs/Registers 
Direct byte address & range of addresses 
Direct bit address & range of addresses 
Immediate operand value 
ReadfWrite to bit address 
Register address modes 
ReadIWrite to Register addn:ss 
Logical AND/OR of any of the above 
External Data address & range of addresses 
Break Count Overflow 
External (CLIP) Break Input 
External (CLIP) Trigger Output 

1(800) 638-2423 
1(800) METAICE 

Rental plans are available. 
or contact your local distributor 

o TRACE (Model 400) 
4K-Frame Trace Buffer 
Start, Center, End & Variable Tmce Trigger settings 
64K Trace ON/OFF triggers for trace filtering 
Trace Contents consist of: 

16-bits Address Bus 
8-bits Data Bus 
7-bits External Clips 
DMA Activity 

Trace Display Modes: 
Raw Hex 
Symbolic 
HLL Source 
Mixed 

External Clips display format: 
Binary data 
HEX data 
Digital waveform 

Trace Buffer Operations' 
Write trace buffer to a disk file 
Search trace buffer for labels & addresses 

o PERFORMANCE 
ANALYZERS (Model 400) 
Real-lime Program profiling capability 
5.4J..l-sec sampling period 
7 year duration 
Display options: 

Bar Graph 
Frequency Count 

Display Modes: 
Raw Symbolic 
Mixed HLL Source Lines 

Up to 999 Bin capacity 
User-controlled Bin set-up: 

By Address By Symbol 
By Module By Line Number 
Automatic 

o HELP 
On-Line 
Context sensitive 
Hypertext/Hyperlinked 

o MACRO 
Repetitive routines 
UseT-created and callable 

o ELECTRICAL 
SPECIFICATIONS 
Input Power (maximum): 

1.5 A @ +5 VDC +/-5% 

o MECHANICAL 
SPECIFICATIONS 
Emulator Dimensions: 

7.0" x 5.5" x 1.0" 
17.8cm x l4cm x 2.54cm 

Emulator weight: 
2.OIbs 0.9kg 

o ANNUNCIATORS 
Power, Reset, Break, and Active LEDs 
Power ON/OFF, Reset, Break switches 

o WARRANTY 
One (1) year limited warranty, parts and labor 

Product names are used to purposes of identification only and may be trademarks or registered trademarks of their respective companies. 
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Ordering Information 

Philips-Signetics 8051 Family Microcontroller Support 

iceMASTER-PE Emulators 

The iceMASTER-PE emulators for the 8051 family are self-contained units, each dedicated to a particular 
member of the 8051 family. The emulator and probe card electronics are combined into a single, small package. 
Every iceMASTER-PE emulator comes with 64K of Code memory, 64K of External Data memory, a 16K
frame Trace Buffer (which can be viewed without breaking emulation), power supply, RS-232 cable and an 8051 
Macro Cross Assembler. All iceMASTER-PE emulators include a Break-Input signal clip, a Trigger-Output 
signal clip and seven user-placeable Trace-Capture-Input signal clips. 

The following iceMASTER-PE emulators are currently available: 

PE-8031-33 

This emulator supports device operation from DC to 33MHz and has a 4O-lead DIP footprint. This emulator 
supports the 8031 and 80C31 devices, regardless of process variation. 

PE-8032-30 

This emulator supports device operation from DC to 30MHz and has a 4O-lead DIP footprint. This emulator 
supports the 8031, 80C31, 8032 and 80C32 devices, regardless of process variation. 

PE-83752-16 

This emulator supports device operation from DC to 16MHz and has a 28-lead DIP footprint. This emulator 
supports the 83C751, 87C751, 83C752 and 87C752 devices, regardless of process variation. This emulator is 
supplied with a 28-lead DIP to 24-lead DIP converter (CONVll) for 8xC751 support. 

iceMASTER Model 200 & Model 400 Emulators 

All iceMASTER Model 200 & Model 400 emulators support full probe card interchangeability. To emulate 
several different devices, you need purchase only a single emulator base unit, the iceMASTER-8051, and then 
one probe card for each unique device to be emulated. 

Both the iceMASTER-8051 Model 200 and the iceMASTER-8051 Model 400 emulators come with 64K of 
Code memory and 64K of External Data memory, power supply, RS-232 cable and an 8051 Macro Cross 
Assembler. 

The iceMASTER Mode1400 emulator has the following additional features/capabilities: 

1. 4K-Frame Trace Buffer 
2. Performance Analyzers 

a. High Resolution 
b. High Bin Count 

3. Full Watchdog Timer (WDT) Support in aU emulation modes 
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Philips-Signetics 8OS1 Family Probe Cards 

All MetaLink probe cards include a Break-Input signal clip, a Trigger-Output signal clip and seven user
placeable Trace-Capture-Input signal clips. In addition, there is a user-selectable jumper for XTAL source. 
Most probe cards have other user-selectable jumpers to control/configure the unique capabilities of each 
particular device. Some probe cards also contain a user-selectable jumper for Vcc source. iceMASTER-8051 
emulators fully supports: 

All I/O ports, with no restrictions. 

The CMOS Idle and Power Down modes of operation, in those devices having such capabilities. 

The Watchdog Timer (WDT), in those devices having such a capability. (iceMASTER-B051 Model 400 only) 

Correct device interconnection footprints. 

Following is a list of all Philips-Signetics B051 Family Probe Cards which MetaLink currently offers. Since 
MetaLink is constantly adding to its list of supported devices, please contact MetaLink for information on any 
device not listed below. 

If support for a particular device is available at different maximum frequencies (MHz), the description of the 
Probe Card appears only once, with the speed variations noted in the Probe Card names above the description. 
Example: 8031-24 for a 24MHz 8031 Probe Card and 8031-20 for a 20MHz B031 Probe Card. 

MHW-8031-20 
MHW·8031·24 

The 8031 Probe Card supports device operation from 0.5 to 24MHz and has a 4O-lead DIP package interface. 
This probe card supports B031 and BOC31 devices, regardless of process variation. 

MHW-8032-20 

The 8032 Probe Card supports device operation from 0.5 to 20MHz and has a 4O-lead DIP package interface. 
This probe card supports 8031, 80C31, 8032, 80C32 and 80C32 devices, regardless of process variation. 

MHW-80CS1FA·16 

The BOC51FA Probe Card supports device operation from 0.5 to 16MHz and has a 4O-lead DIP package 
interface. This probe card supports 8031, 80C31, 8032, BOC51FA and BOC32 devices, regardless of process 
variation. 

MHW-83CS1FB-16 

The 83C51FC Probe Card supports device operation from 0.5 to 16MHz and has either a 4O-lead DIP or a 44-
lead PLCC package interface. This probe card supports 8031, BOC31, 8032, BOC32, B051, BOC51, 8751, 87C51, 
8x51FA, 8x51FB, 8052, BOC52, 8752 and 87C52 devices, regardless of process variation. 

MHW·80S2·16 

The 8052 Probe Card supports device operation from 0.5 to 16MHz and has a 4O-lead DIP package interface. 
This probe card supports B031, BOC31, B032, BOC32, 8051, BOC51, B052, 80C52, 8751, 87C51, 8752, and 87C52 
devices, regardless of process variation. 
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MHW-S3C053-12 

The 83C053 Probe Card supports device operation from 6 to 12MHz and has a 42-lead Shrink DIP package 
interface. This probe card supports 83C053, 83C054 and 87C054 devices, regardless of process variation. 

MHW-80CUIO-12 

The 80CUIO Probe Card supports device operation from 0.5 to 12MHz and has a 4O-lead DIP package 
interface. This probe card supports the 80CUlO device (4.5V-5.5V only). 

MHW-SOC451-16 

The 8OC451 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C451 device, regardless of process variation. Converter #5 is 
available to convert the probe card to a 64-lead DIP footprint. 

MHW-83C451-12 

The 83C451 Probe Card supports device operation from 1.2 to 12MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C451, 83C451 and 87C451 devices, regardless of process variation. 
Converter #5 is available to convert the probe card to a 64-lead DIP footprint. 

MHW-SOC52S-16 

The 80C528 Probe Card supports device operation from 1.2 to 16MHz and has a 4O-lead DIP package 
interface. This probe card supports the 80C528 device. 

MHW-83C52S-12 
MHW-83C528-16 

The 83C528 Probe Card supports device operation from 1.2 to 16MHz and has either a 4O-lead DIP or 44-lead 
PLCC package interface. This probe card supports 80C528, 83C528, 87C528, 83C524 and 87C524 devices, 
regardless of process variation. 

MHW-83C550-12 

The 83C550 Probe Card supports device operation from 1.2 to 12MHz and has a 44-lead PLCC package 
interface. This probe card supports the 83C550, 80C550 and 87C550 devices, regardless of process variation. 

MHW-80C552-16 

The 80C552 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C552 and 80C562 devices, regardless of process variation. Converter 
#7 is available to convert the probe card interface to a 4O-lead DIP footprint for operation as an 8031, 8032, 
80C31, 80C32 or 80C652. 
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MHW-83C552-12 
MHW-83C552-16 
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The 83C552 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the SOC552, 83C552, 87C552, 80C562, 83C562 and 87C562 devices, 
regardless of process variation. Converter #7 is available to convert the probe card interface to a 4O-lead DIP 
footprint for operation as an 8031, 8032, 80C31, 80C32, 8x51, 8xC51, 8x52, 8xC52, 8xC652 or 8xC654. 

MHW-83C592-16 

The 83C592 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C592, 83C592 and 87C592 devices, regardless of process variation. 

MHW-80C6S2-16 

The 80C652 Probe Card supports device operation from 1.2 to 16MHz and has a 4O-lead DIP package 
interface. This probe card supports S031, 80C31 and 80C652 devices from any IC manufacturer, regardless of 
process variation. 

MHW-83C652-16 

The 83C652 Probe Card supports device operation from 1.2 to 16MHz and has a 4O-lead DIP package 
interface. This probe card supports 80C652, 83C652 and 87C652 devices from any IC manufacturer, regardless 
of process variation. 

MHW -83C654-16 

The 83C654 Probe Card supports device operation from 1.2 to 16MHz and has a 4O-lead DIP package 
interface. This probe card supports 80C652, 83C654 and 87C654 devices from any IC manufacturer, regardless 
of process variation. 

MHW-83C751-16 

The 83C751 Probe Card supports device operation from 0.5 to 16MHz and has 24-lead Skinny DIP package 
interface. This probe card supports 83C751 and 87C751 devices, regardless of process variation. 

MHW-83C752-12 

The 83C752 Probe Card supports device operation from 0.5 to 12MHz and has a 28-lead DIP package 
interface. This probe card supports 83C752 and 87C752 devices, regardless of process variation. 

MHW-80C851-12 

The 80C851 Probe Card supports device operation from 1.2 to 12MHz and has a 4O-lead DIP package 
interface. This probe card supports 8031, SOC31, and 80C851 devices, regardless of process variation. 

MHW-83C851-12 

The 83C851 Probe Card supports device operation from 1.2 to 12MHz and has a 4O-lead DIP package 
interface. This probe card supports 80C851, and 83C851 devices, regardless of process variation. 
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iceMASTER Converters 

iceMASTER converters are used with the iceMASTER-8051 Probe Card to allow the user to change the device 
footprint supported by the Probe Card to a new device footprint or to allow the iceMASTER-8051 Probe Card 
to support a new device with the existing Probe Card. 

MHW-CONV5 

A 68-lead PLCC to 64-lead DIP converter for 83C451 or 80C451 Probe Cards to 80C451, 83C451 and 87C451 
devices. 

MHW-CONV7 

A 68-lead PLCC to 4O-lead DIP converter for 83C552 or 80C552 Probe Cards to 8031, 8032*, 80C31, 80C32*, 
8051,8751, 80C51, 87C51, 8052*, 8752*, 80C52*, 80C652, 83C652, 87C652, 87C654, 83C654 and 87C52* 
devices. *Not all modes of Timer 2 supported. 

MHW-CONVll 

A 28-lead DIP to 24-1ead DIP converter for the PE-83752 or 83C752 Probe Card to 83C751 and 87C751 
devices. 

MHW-CONV12 

A 24-1ead Skinny DIP to 28-1ead PLCC converter for 83C751 Probe Card to 83C751 and 87C751 devices. 

MHW-CONV13 

A 28-lead DIP to 28-lead PLCC converter for PE-83752 and 83C752 Probe Card to 83C752 and 87C752 
devices. 

MHW-CONV14 

A 4O-lead DIP to 44-lead PLCC converter for PE-803!, 8031 Probe Card to 8031, 80C31, 8031 and 80C31 
devices. 

A 4O-1ead DIP to 44-lead PLCC converter for PE-8032, 8032 Probe Card to 8031, 80C31, 8031, 80C31, 80C32, 
8032 and 80C32 devices. 

A 4O-1ead DIP to 44-lead PLCC converter for 8052 Probe Card to 8031, 80C3!, 803], 80C31, 80C32, 
8032, 80C32, 8051, 80C51, 8751, 87C51, 8052, 80C52, 8752 and 87C52 devices. 

A 4O-lead DIP to 44-1ead PLCC converter for 8351FB Probe Card to 8031, 80C31, 8031, 80C31, 80C32, 8032, 
80C32, 8051, 80C51, 8751, 87C51, 8052, 80C52, 8752, 87C52, 8XC51FA and 8XC51FB devices. 

A 4O-lead DIP to 44-lead PLCC converter for 80410 Probe Card to 80CL41O devices. 

A 4O-lead DIP to 44-lead PLCC converter for 80652 and 83652 Probe Cards to 80C652, 87C652, 83C652, 
87C654 and 83C654 devices. 

A 4O-lead DIP to 44-lead PLCC converter for 80528 and 83528 Probe Cards to 80C528, 87C528, 83C528, 
87C524 and 83C524 devices. 
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A 4O-lead DIP to 44-lead PLCC converter for 80851 and 83851 Probe Cards to 80C851 and 83C851 devices. 

MHW-CONV19 

A 68-lead PLCC to 44-lead PLCC converter for 83552 and 80552 Probe Cards to 8031, 8032*, 80C31, 8OC32*, 
8051,8751, 8OC51, 87C51, 8052*, 8752*, 8OC52*, 80C652, 83C652, 87C652, 87C654, 83C654 and 87C52* 
devices. 

MHW-C0NV23 

A 44-lead PLCC to 4O-lead DIP converter for 80550 Probe Card to 8OC550, 87C550 and 83C550 devices. 

iceMASTER-8051 and PE Hardware Miscellaneous Products 

MHW-EXT24DIP 

A 24 Lead Skinny DIP, 6 inch target interface extension cable for 83C751 and 87C751 devices. 

MHW-EXT28DIP 

A 28 Lead DIP, 6 inch target interface extension cable for 83C752 and 87C752 devices. 

MHW-EXT40DIP 

A 40 Lead DIP, 6 inch target interface extension cable for 8031, 8OC31, 8032, 80C32, 8051, 8OC51, 8751, 
87C51, 8051FA, 83C51FA, 87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 8OC52, 8752, 87C52, 8OC528, 
83C528, 87C528, 83C524, 87C524, 80C652, 83C652, 87C652, 83C654, 87C654, 8OCL410, 80C851 and 83C851 
devices. 

MHW-EXT28PLCC 

A 28 Lead PLCC, 6 inch target interface extension cable for 83C751, 87C751, 83C752 and 87C752 devices. 

MHW-EXT44PLCC 

A 44 Lead PLCC, 6 inch target interface extension cable for 8031, 8OC31, 8032, 8OC32, 8051, 8OC51, 8751, 
87C51, 8051FA, 83C51FA, 87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 8OC52, 8752, 87C52, 8OC528, 
83C528, 87C528, 83C524, 87C524, 80C550 83C550, 87C550, 8OC652, 83C652, 87C652, 83C654, 87C654, 
80CL41O, 8OC851 and 83C851 devices. 

MHW-EXT68PLCC 

A 68 Lead PLCC 6 inch target interface extension cable for 83C552, 87C552, 83C562, 87C562, 8OC552, 
83C451, 87C451, 8OC451, 87C592, 8OC592 and 83C592 devices. 

MHW-DIPSE24/3 

A 24 Lead Skinny DIP pin isolator for 83C751 and 87C751 devices. 
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MHW·DlPSE28/6 

A 28 Lead DIP pin isolator for 83C752 and 87C752 devices. 

MHW·DlPSE40/6 

A 40 Lead DIP pin isolator for 8031, 8OC31, 8032, 8OC32, 8051, 8OC51, 8751, 87C51, 8051FA, 83C51FA, 
87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 8OC52, 8752, 87C52, 8OC528, 83C528, 87C528, 83C524, 87C524, 
8OC550 83C550, 87C550, 8OC652, 83C652, 87C652, 83C654, 87C654, 8OCL410, 8OC851 and 83C851 devices. 

MHW.DlPSE42S/6 

A 42 Lead Shrink DIP pin isolator for 87C054, 83C054 and 83C053 devices. 

MHW·PLECSE28 

A 28 Lead PLCC pin isolator for 83C751, 87C751, 83C752 and 87C752 devices. 

MHW·PLECSE44 

A 44 Lead PLCC pin isolator for 8031, 8OC31, 8032, 80C32, 8051, 8OC51, 8751, 87C51, 8051FA, 83C51FA, 
87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 8OC52, 8752, 87C52, 8OC528, 83C528, 87C528, 83C524, 87C524, 
8OC550 83C550, 87C550, 8OC652, 83C652, 87C652, 83C654, 87C654, 8OCL4lO, 8OC851 and 83C851 devices. 

MHW·PLECSE68 

A 68 Lead PLCC pin isolator for 83C552, 87C552, 83C562, 87C562, 80C552, 83C451, 87C451, 8OC451, 87C592, 
8OC592 and 83C592 devices. 

iceMASTER-80S1 and PE Software Miscellaneous Products 

MSW·ASM51 

MetaLink 8051 Macro Cross Assembler 

MSW·SIMS1 

Archimedes Software SimCASE 8051 for PC·hosted systems 

MSW·SIMI/051 

Archimedes Software Sim I/O 8051 for PC· hosted systems 

MSW·A51 

Archimedes Software Assembler 8051 for PC-hosted systems 

MSW·C51 

Archimedes Software 8051 Family C Compiler for PC-Hosted Systems 

1149 



METALINK CORPORATION (602)926-0797 

MSW·AVASI 

Avocet Systems, Inc. AvCase Assembler for the 8051 
MSW·AVC51 

Avocet Systems, Inc. AvCase C·Compiler and Assembler for the 8051 

MSW·AVS51 

Avocet Systems, Inc. AvCase Simulator for the 8051 

MSW·BSO/ ASl 

BSO/Tasking Assembler 8051 for PC-hosted systems 

MSW·BSO/C51 

BSO/Tasking C-Compiler and Assembler for 8051 for PC-hosted systems 

MSW·BSO/PLM51 

BSO/Tasking PL/M-Compiler and Assembler for 8051 for PC-hosted systems 

MSW.F/4010 

Franklin Software A51 Assembler for PC-Hosted Systems 

MSW.F/5020 

Franklin Software C-51 Compiler and A51 Assembler for PC-Hosted Systems 

MSW·F/82Z0 

FAX: (602)926-1198 

Franklin Software 8051 Developer's Kit with C-51 Compiler, A51 Assembler, Simulator/Debugger for PC
Hosted Systems 

MSW·F/8310 

Franklin Software 8051 Professional Developer's Kit with C-51 Compiler, A51 Assembler, Bank Linker 51, 
Tiny Real Time Operating System 8051, Simulator/Debugger for PC-Hosted Systems 

1150 



nOH8U 
CORPORATION 
(408)866-1820 

NOHAU EMUL51-PC - PC-based in-circuit emulator 

1.0 System Architecture 

Features of the Nohau EMUL51-PC in-circuit emu1ator include: 

- Low-cost full mil-time emulation 

- mM PC-bus plug-in boards or stand alone Box version with 115K baud RS232-C connection to mM PC 

- Easy-to-leam user interface with windows and pull-down menus 

- Source-level debugging in C, PL/M or Pascal with full support for typed symbols 

- 256k frames by 64 bit mil-time trace option with time stamp 

- Program Performance Analyzer 

The Nohau EMUL51-PC consists of a board which plugs directly into the IBM PCIXT/AT bus for fast file transfer. An optional 
externa1 box with a serial link is also available. The optional Trace board features an advanced trace function with many trigger 
capabilities. 

ThePOD,whichplugsintothetargetsystem,isconnectedwitha5ft(1.5m)ribboncabletothe Emulator board to provide a flexible 
operating range. 

The EMULSI-PC uses no wait states and does not intrude on memory, stack, 110 or interrupt pins. 

Trace board (optional) 

Emulator board 

o 
POD (device dependent) 

fig 1 EMUL51-PCplug-in board 
version 

RS;2~2/~nncip.rnln';'Ir~IIIp.1 interface 

External Box 

fig 2 External Box version 
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2.0 User Interface 

The user interface is based on MS-DOS software. It incorporates a variety of techniques. The user can select to operate either 
with short typed commands or using pull-down menus. On-screen features include windows to monitor or alter: 

- Assembly or high level language source code 

- CPU registers 

- Internal data and Special Function Registers 

- External data 

- Watch variables in C, PL/M or assembly 

- Trace setup and display 

AIl commands are supported with context-sensitive help and full on-line manual. 

3.0 Specific Features 

3.1 Source Level Debugging 

Using high level language for code generation is a way to cut development time. Therefore the EMUL51-PC gives full support 
for debugging directly in C, PL/M or Pascal source code. This eliminates the need for paper listings. Breakpoints can be 
marked directly in the source code window. The user can single step through the program line by line and follow the program 
execution on the screen listing. 

The trace permits the user to trace his source code in real-time. 

All variables can be displayed and altered. This includes full support for typed symbols which permits the user to address such 
variables as floating-point, arrays and structures - both global and local. 

3.2 Emulation Memory 

The EMUL51-PC features 64 K of code memory and 64 K of external data memory. The addressable memory can be mapped 
either to target or to the emulator in 4K pages. 

The emulator can load all common file formats and the user can view and alter all registers and memory areas of the microcontroller. 

3.3 Breakpoints 

The EMUL51-PC permits the user to generate program breakpoints in a number of ways: 

- 64K program breakpoints 

- 64K data read and 64K data write breakpoints 

- Break on external signal 

- Break on direct access to internal bit or byte memory 

- Break on contents of internal register or memory 

- Break on program access out-of-boundary 

Using the Trace board it is possible to break on combinations of address, data, control signals, port signals and external signals. 

3.4 Macros and debug session logging 

Test session automation is made possible using the Macro commands. This permits the user to define his own command 
sequences using structures like IF/ELSE and REPEAT/WHILE. Such command sequences can be stored to a file which can be 
loaded automatically when the emulator is invoked. 

A complete debug session and all setups can also be recorded to a file. 
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3.5 Trace Memory 

The optional trace board features a trace buffer capable of storing up to 25& frames of 64 bit data each. The 64 bits consist of 
address, data, control signals, port signals, external signals and a time stamp. 

The trace memory can be displayed, reprogrammed and restarted during emulation. 

3.5.1 Trace Filter 

The trace fIlter makes it possible to select what events are stored in the trace buffer. The qualifiers permit the user to define the 
criteria for which bus cycles are stored. The qualifiers can specify address, data, control signals, port signals and external 
signals. 

3.5.2 Trace Trigger 

The trace wodes much like a logic analyzer. It is therefore possible to trigger the trace on an event and display what happened 
before or after that event. 

The trigger event can be defined using any of the qualifiers in up to eight levels. It is possible to trigger on boolean combinations 
of the qualifiers, or sequential combinations including a loop counter. 

The trigger point can be selected anywhere within the 25& trace buffer to give full choice of pre/post trigger alignmenL 

3.5.3 Trace Display 

The trace information can be displayed in high-level language statements, in disassembled form or in binary/hex form. It can 
also be stored to a fIle. 

3.5.4 Program Performance Analyzer 

With the PPA, information can be generated showing which addresses the user program spends its time on. The information can 
be displayed as statistics or in histogram form. 

4.0 General Specifications 

Host: IBM PC/XT/ AT/386/486, PS/2 or compatible with 640K of RAM. Monochrome, color or enhanced 
graphics display. 

External Box: The emulator boards can be installed in an external box with serial communication to the PC. 

Processors supported: 8051, 8052, 8031, 8032, 8OC51, 8OCLS1, 8OC52, 8OC31, 8OCL31, 8OC32, 8XC053/54, 83/80CL4lO, 
83/8OC451, 8XC528, 8XC550, 83/8OC552, 8OC562, 8XC575, 8OCL580, 8XC592, 83/8OC652, 
83/87C751, 83/87C752, 83/8OC851 (For more details, please refer to the following pages.) 
A switch from one microcontroller to another is made by changing the low cost POD. 

File formats supported: Intel HEX/OBJ/SYM/OMF, Avocet, ArchimedeS/lAR, BSOrrasking, Franklin/Keil, 
Intermetrics/WhitesmithsIComic, and many more. 

Oockspeed: 

Power supply: 

Allows operation up to 33 MHz in real-time. 

The boards are powered from the PC-bus. The Emulator board requires l. 7 N5V and the Trace board 
1.3N5V. 
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5.0 Ordering information 

PHILIPS SEMICONDUCTORS Microcontroller Support 

EMULATOR UNITS 
Includes software and ribbon cable. Must be connected to a POD to operate. Each step up in frequency rating covers all lower frequency 
steps. Includes DIP isolator if ordered with 40-pin POD. Emulator software has high-level debug and all options. 

Order Number 
EMULSI-PC/E32 
EMULSI-PCJE32-16 
EMULSI-PCIE128 
EMULSI-PCIE128-16 
EMUL51-PCIE128-20 
EMULSI-PCIE128-24 
EMULSI-PCIE128-30 
EMUL51-PGIE128-33 

Description 
12 MHz Emulator, 32 kB (kiloByte) Emulation Memory. 
16 MHz Emulator, 32 kB Emulation Memory. 
12 MHz Emulator, 128 kB Emulation Memory. 
16 MHz Emulator, 128 kB Emulation Memory. 
20 MHz Emulator, 128 kB Emulation Memory. 
24 MHz Emulator, 128 kB Emulation Memory. 
30 MHz Emulator, 128 kB Emulation Memory. 
33 MHz Emulator, 128 kB Emulation Memory. 

TRACE BOARD OPTIONS 
Optional second PC plug-in board. Emulator board contains no trace capability. Each frequency step covers all lower steps. 

Order Number 
EMULSI-PC/fR4 
EMUL51-PCffR4-16 
EMUL51-PC/fR16 
EMULSI-PC/fR16-16 
EMULSI-PC/fR16-20 
EMULSI-PCffRI6-24 
EMULSI-PC/fR16-30 
EMULSI-PCffRI6-33 

Description 
12 MHz 4 kiloframe (4096 frames) Trace Buffer. 
16 MHz 4 k Trace Buffer. 
12 MHz 16 k Trace Buffer. 
16 MHz 16 k Trace Buffer. 
20 MHz 16 k Trace Buffer. 
24 MHz 16 k Trace Buffer. 
30 MHz 16 k Trace Buffer. 
33 MHz 16 k Trace Buffer. 

Advanced Trace Boards feature 32-hit timestamping with 16-hit prescaler, eight-level triggers, state and counter functions, search. 

Order Number 
EMULSI-PC/ATR64-16 
EMULSI-PC/ATR256-16 
EMULSI-PC/ATR64-24 
EMUL51-PC/ATR256-24 
EMULSI-PC/ATR64-33 
EMULSI-PC/ATR256-30 

Description 

16 MHz 64 k Advanced Trace Buffer. 
16 MHz 256 k Advanced Trace Buffer. Contact Nohau for availability. 
24 MHz 64 k Advanced Trace Buffer. 
24 MHz 256 k Advanced Trace Buffer. 
33 MHz 64 k Advanced Trace Buffer. 
30 MHz 256 k Advanced Trace Buffer. 

BONDOUT PODS, 24-PIN, 4O-PIN, 68-PIN, 84-PIN 

Allow full emulation of internal, external and mixed modes of bus or port input/output On-board POD crystal is 12 MHz on all PODs of any 
frequency specification. Each step up in frequency rating covers all lower frequency steps. 

Order Number 
POD-C51B 

POD.c5IB-16 

POD-C5IB-24 

POD-ClAlO 

POD-C45IB-PGA 

POD.c552B-PGA 

Description 
12 MHz Bondout POD for 8OC51, 8051, 87C51, 8751, 8OC31, 8031, 8OC/83C652, 83C654,8OC/83C662, 
8OC/83C851 single-chip or external mode. 
16 MHz Bondout POD for 8OC/87C51-1, 8OC/87C51, 80/8751, 8OC31-1, 8OC31, 8031, 8OC/83C652, 83C654, 
8OC/83C662, 8OC/83C851 single-chip or external mode. 
24 MHz POD for 8OC/87C51-24, 80/8751, 8OC31-24, 8OC/83C6521654, SOC/83C662, SOC/83C851 single-chip or 
external mode. Special ReqUirement: Due to bondout chip timing, this POD requires a 30 MHz emulator board and 
trace board must be 30 MHz if used. 
POD for 83ClA 1 0, 83CL610, 8OC131, 8OCLSl. Target voltage range: 15-5.0V. Maximwn frequency: 12 MHz at 
5.0V. This POD is intended for emulating internal code. External bus operation is limited. 
12 MHz Bondout POD for 83C451, 87C451, 8OC451 PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target 
12 MHz Bondout POD for 83C552, 87C552, 8OC552 PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target. 
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POD-C552B-PGA-16 16 MHz Bondout POD for 83C552, 87C552, 8OC552 16 MHz, 12 MHz single-chip or external mode. PGA from 

POD-C552B-24 

POD-CLS80 
POD-C652B 
POD-C751 
POD-C751-16 

POD. Use optional adapter for PLCC target. 
24 MHz Bondout POD for 8XC552 or 8XC562 PLCC single-chip or external mode. PGA from POD. Use optional 
adapter (etc). Special Requirement: Due to bondout chip timing, this POD requires a 30MHz emulator board and 
trace board must be 30 MHz if used. 
12MHz Bondout POD for 83CLS80. 
Order as POD-C51B. 
12 MHz 83C751, 87C751, DIP POD. Includes EXT-DIP24. 
16 MHz 83C751, 87C751, DIP POD. Includes EXT-DIP24. 

''HOOKS'' MODE PODS, 28-PIN, 4O-PIN, 42-PIN, 44-PIN,68-PIN 
Standard chip operated in special ''hooks'' emulation mode for single-chip or external modes. Some electrical characteristics are different 
from microcontroller's. On-board POD crystal is 12 MHz on all PODs of any frequency specification. 

Order Number 
POD-C52 
POD-C52-16 
POD-C528 
POD-C528-16 
POD-C550-PGA 
POD-C550-PGA-16 
POD-C575 
POD·C592-PGA 

POD-C592-PGA-16 

POD-C752 
POD-C752-16 
POD-C054 
POD-C575 

Description 
12 MHz POD for 8OC31, 80C32, 8OC51, 80C52, 87C51 , 87C52. 
16 MHz POD for 8OC31, 8OC32, 8OC51, 8OC52, 87C51, 87C52. 
12 MHz POD for 8OC528, 83C528, 87C528. 
16 MHz POD for 8OC528, 83C528, 87C528. 
12 MHz POD for 8OC550, 83C550, 87C550. PGA from POD. Use optional adapter for PLCC target 
16 MHz POD for 8OC550, 83C550, 87C550. PGA from POD. Use optional adapter for PLCC target 
12 MHz 87C575, 87C575 chip may have to be supplied by user. 
12 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target. 
16 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target 
12 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 
16 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 
12 MHz POD for 8XC053, 8XC054 (Micocontroller-for-Television-Video). 
16 MHz POD for 8XC575. 

POD BOARDS, 40 PIN EXTERNAL MODE 
Port 2 is upper address bus ouly. Port 0 is address/data bus. P3.6 is WRITE, P3.7 is READ. On-board POD crystal is 12 MHz on all PODs of 
any frequency specification. Each step up in frequency rating covers all lower frequency steps. 

Order Number 
POD-31 
POD-C31 
POD-32 
POD-C32 
POD-C652 
POD-C31-1 
POD-C32-16 
POD-C31-20 
POD-C31-24 
POD-C31-30 
POD-C31-33 

Description 
12 MHz 8031 POD. 
12 MHz 8OC31 POD. 
12 MHz 8032 POD. 
12 MHz 8OC32 POD. 
12 MHz 8OC652 POD. 
16 MHz 80C31-1 POD. 
16 MHz 8OC32 POD. 
20 MHz 8OC31 POD. 
24 MHz 8OC31 POD. 
30 MHz 8OC31 POD. 
33MHz8OC31 POD. 

-S version of the above boards allows P3.6, 1'3.7 to be used either as unidirectional 110 or write and read. (Example: POD-31-S; 
POD-C31-S-1; POD-C32-S-16.) 

EXTERNAL MODE PODS, 64-PIN, 68-PIN 
Port 2 is upper address bus ouly. Port 0 is address/data bus. P3.6 is WRITE. P3.7 is READ. On-board POD crystal is 12 MH~ on all PODs of 
any frequency specification. Each step up in frequency rating covers all lower frequency steps. 

Order Number 
POD-C451-DIP 
POD-C451-DIP-16 
POD-C451-PGA 
POD-C451-PGA-16 
POD-C552-PGA 

Description 
12 MHz 8OC451 DIP POD. 
16 MHz 8OC451 DIP POD. 
12 MHz 8OC451 PLCC POD. PGA from POD. 
16 MHz 8OC451 PLCC POD. PGA from POD. 
12 MHz 8OC552 POD. PGA from POD. Use optional adapter for PLCC target. 
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BOX OPTIONS 
Box units are AC line-powered. Emulator software runs under DOS on PC and uses a COM port at 110 baud to 115 kilobaud. Serial cable 
iocluded. 

Order Number 
EMULSI-PC/BOX-S 
EMULSI-PC/BOX-CS 
EMULSI-PC/BOX-CS-20 
EMULSI-PC/BOX-CS-24 
EMULSI-PC/BOX-CS-30 

Description 
Serial Box. Select emulator separately; trace optional. POD not included. 
Serial Box with E128-16 Emulator and TR16-16 Trace. POD not included. 
Serial Box with E128-20 Emulator and TR16-20 Trace. POD not included. 
Serial Box with EI28-24 Emulator and TRI6-24 Trace. POD not included. 
Serial Box with El28-30 Emulator and TR16-30 Trace. POD not included. 

MISCELLANEOUS OPTIONS 

Order Number 
EMULSI-PC/PRG 
EMULSI-PC/PRG751 
EMULSI-PC/EXT-DIP24 
EMUL51-PC/DIP24-ISO 
EMUL51-PC/DIP24-PLCC28 
EMULSI-PC/EXT-DIP24-PLCC28 
EMUL51-PC/EXT -DIP28 
EMUL51-PC/DIP28-PLCC28 
EMUL51-PC/DIP28-ISO 
EMULSI-PC/DIP28-DIP24-ADAP 

EMULS1-PC/EXT -DIP40 
EMULSI-PC/DIP40-ISO 
EMULSI-PC/DIP40-PLCC44 
EMUL51-PC/DlP40-0NCE-DIP40 

EMUL51-PC/DIP40-0NCE-PLCC44 

EMULSI-PC/PGA44-PLCC44 
EMULSI-PC/PGA44-PLCC44-EL2 
EMULSI-PC/EXT-DIP48 
EMULSI-PC/DIP48-ISO 
EMULSI-PC/PGA68-PLCC68 
EMUL51-PC/PGA68-DIP84 
EMUL51-PC/PGA68-ISO 
QILEXT-l 
EMUL51-PC/EZ 

EMULSI-PC/CBLlO-S 
EMUL51-PC/CBLl O-A 
EMULSI-PC/CBLS-A 

Description 
Universal Programmer (EPROM. 87S1. 87CSI. PAL). 
Progranuncr for 87C751. 87C7S2. 
Additional extemder cable for 24 pin DIP. 
24 pin DIP Isolator. 
24 pio DIP to 28 pin PLCC. 
Extender cable. 24 pio DIP to 28 pin PLCC. 
Extender cable. 28 pio DIP. 
28 pio DIP to 28 pio PLCC. 
Additional 28 pio DIP Isolator. 
28-pio (0.600-In) to 24-pio (0.300-In) adapter to plug POD-C7S2 ioto 8XC75 I target. The user is 
responsible for port and register compatibility. 
Extender cable for 40 pio DIP. 
Additional 40 pio DIP Isolator. 
40 pio DIP to 44 pin PLCC. 
Clips over target microcontroller. Disables target micro to allow emulation without removing target 
chip. Works ouly on chips with on-chip emulation (ONCE) disable feature. 
Clips over target microcontroller. Disables target micro to allow emulation without removing target 
chip. Works only on chips with on-chip emulation (ONCE) disable feature. 
PGA to PLCC adapter. 44 pin. 
PGA to PLCC "elevator" or "tower" rigid 2-ioch extender-adapter. 
Extender cable for 48 pio DIP. 
48 pio DIP Isolator. 
PGA to PLCC adapter unit. 68 pio. 
PGA to DIP adapter unit for 451 PGA PODs to plug ioto DIP target. 
68 pio PGA Isolator. 
Extractor tool for PLCC parts. 
E-Z-Hook® wires for trace. 

E·z.,Hook is a rogill.krod tradcIIllllk ofTektcst. Inc. 

10 foot substitute for 5 foot POD cable (not for bondout PODs). 
Additional 10 foot POD cable (not for bondout PODs) 
Replacement 5 foot POD cable 

BANKSWITCH EMULATOR BOARDS 
User selectable as two banks of 64 kBytes. or as three switchable banks io upper half (8000 - FFFF) with lower half (0000 - 7FFF) not 
switchable. MOVX read-write data memory is only separate from code if data is mapped to target. 

Order Number 
EMULS I-PC/EI 28-BSW 
EMUL51-PC/E128-BSW-16 
EMUL51-PC/E256-BSW 
EMULSI-PC/E2S6-BSW-16 
-BSW option to any POD 
Examples: 

POD-31-BSW 
POD-C31-BSW -I 
POD-31-S-BSW 

Description 
12 MHz Bankswitch Emulator. 128 kB Emulation Memory. Requires Bankswitch POD. 
16 MHz Bankswitch Emulator. 128 kB Emulation Memory. Requires Bankswitch POD. 
12 MHz Bankswitch Emulator. 256 kB Emulation Memory. Requires Bankswitch POD. 
16 MHz Bankswitch Emulator. 2S6 kB Emulation Memory. Requires Bankswitch POD. 

12 MHz 8031 Bankswitch POD. 
16 MHz 8OC31-1 Bankswitch POD. 
12 MHz 8031 -S option Bankswitch POD. 
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SOFTWARE PACKAGES 
Order Number Description 
NOHAU Corporation 
SIMULSI-PC Nohau 8031/80S1 Simulator. Same interlace as EMUL51-PC. 
EMUL51-PC/SWSUB EMUL51-PC emulator software update service, one year. 
Archimedes Software, Inc. 
ARCHM/C-80S1PC 
ARCHM/SIM-8051PC 

Avocet Systems, Inc. 
AVOCET/AVASI 

BSOtrasking 
BSOTSKJCS1 PKG 
BSOTSKJPLMSIPKG 
Chip ToolS, Inc. 
CV51-NOH 
CVS1-S 
CV51-SNOH 

Franklin Software, Inc. 
FRANKLIN/40l0 
FRANKLIN/5020 
FRANKLINn020 
FRANKLIN/8220 

Archimedes C-8051PC V4 C-Compiler & Assembler. 
Archimedes 8051 Simulator!Debugger (SimCASE Sim-8051PC) for CC51, PL/M-51 & ASM. 

Avocet Systems AvCase51 8051 Assembler 
Avocet is • n::gistcrcd trademark of Avocet Systmns, Inc. 

BSO/Tasking 8051 Family C-Compiler and Assembler Package. 
BSO/Tasking 80S1 Family PL/M Compiler and Assember Package. 

Chip Tools Chip View-Sl High-Level/Low-Level Debugger Emulator interlace for EMULSI-PC. 
Chip Tools Chip View-51 High-Speed Simulator. 
Chip Tools Chip View-Sl CV51-NOH + CVS1-S Combo package. 

CUp Tool. and aip Vic;w IUC tradcrnarb of Orip ToW, Inc. 

Franklin 80S1 Macro Assembler with Linker, Librarian, Object-to-Hex utility. 
Franklin V3 Very High Perlormance 8051 Compiler & Assembler. 
Franklin VS Simulator/Debugger, Windowed Interface. 
Franklin Developers Kit with 5020 Compiler, 4010 Assembler and 7020 Simulator/Debugger. 

Franklin is a tradcmukofFrmklin Software. me. 
Intermetrics Microsystems Software, Inc./Whitesmitbs, Ltd. 
INTERMET/C8SIHX Intermetrics Whitesmiths C-Compiler and Assembler, Extended. 
INTERMET!D851HXNOH Intermetrics Whitesmiths C Source-Level Debugger/Emulator Version (Interface for EMULSI-PC). 
INTERMET/D851HXSIM Intermetrics Whitesmiths C Source-Level Debugger/Simulator Version. 

Whi1l:smiths and CXDB are regimered trademarla orIntcnnctrics. Inc. 

The EMUL51-PC Emulator, Trace, POD, and Box hardware is sold with a one-year warranty. The EMUL51-PC Emulation 
software is sold with no warranty, but upgrades will be distributed to all customers up to one year from 
the date of purchase_ Nohau Corporation makes no warranties, express or implied, including, but not 
limited to, the implied warranties of merchantability and fitness for a particular purpose. In no event 
will Nohau Corporation be liable for consequential damages. The SIMUL51-PC Simulator software 
includes updates for a period of one year. Third-party software and programmers sold by Nohau carry 
manufacturers' warranties. 
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CHOOSING PODS for the EMUL51-PC 

People sometimes ask: "How do I choose which POD to use for the 80SI-family chip I want to emulate'?" 

Which POD you pick for your application depends on several things. What micro you are using, the frequency, the mode you 
are using it in, your target configuration, and price all playa part. The EMUL51-PC ORDER 
INFORMATION can help you choose among the POD types available from Nohau. 

Nohau has several categories of PODs: (1) External-mode PODs; (2) Bondout PODs; and (3) "Hooks" -mode PODs. 

I. External-Mode PODs 

External or microprocessor-mode PODs have several clear advantages. They are the cheapest type of POD. They have 
easily-replaceable standard microcontrollers. Your program runs on the real production part, with most 
of the lines directly connected to your target. You can use them where your microcontroller has 
external program or external read-write memory. With this type of POD, Port 2 is used only for the 
upper address bus and not as port input-output (I/O). Port 0 is used as a multiplexed address and data 
bus. In most of these PODs, P3.6 can only be used as the write line and P3.7 as only the read line. The 
POD-31 is a typical external POD. 

Your target system shares Port 0 and Port 2 with the emulator. The emulator uses Port 0 to run its monitor code when it is not 
executing your code in real-time. When you are not running real-time emulation, the POD holds the 
Program Store ENable line (pSENI) high so that your external read-only memory (ROM) is not 
enabled. It also holds the ReaD/line and WRite! lines high so that none of your external read-write 
random access memory (RAM) or I/O is enabled. 

But in the monitor (not emulating) mode, the address lines of both Port 2 and Port 0 are active and can output any address in the 
64 kByte address .. mge. It is up to your target system 10 prevent enabling any device unless the PSEN/ 
or the RD/ or the WR/ line goes low. 

If you are emulating a ROM-less part, like the 8031, you can use the POD-31 type of POD. You also might use this POD for 
some internal ROM applications. You could use it for designs that have all of Port 2 and Port 0 used as 
external buses. This is true even though the program can be executed from on-chip 8051 program 
memory in your final product. This is a case where your target schematic, rather than the device you 
are using lets you use this type of POD. So though the part may ultimately be an 8051 or 8751, you 
can use a POD-31 because you are using the ports as buses. 

If you are emulating the 8OC31, 8032, 8OC32 or 8OC6S2, you can get external-mode PODs for these microcontrollers. With the 
POD-31, you can emulate all those parts in external mode at up to 12 MHz. You can get the POD with 
the correct micro installed, such as a POD-32. Or you can change among the types by changing the 
microcontroller component in the POD yourself. 

16 MHz, 20 MHz, 24 MHz, 30 MHz and 33 MHz PODs are available for 40-pin parts. Uyou use a POD-C31-1 with a 16 
MHz rated emulator, you can support such parts as the 8OC31-1, 8OC32-1 and 8OC6S2-1. Any 
higher-frequency POD and emulator set can support all the lower frequencies. 

For emulating the 8OC4S1, 8OCSS2, or 8OCS62 other external mode PODs are available. PODs for dual inline package (DIP) 
parts have a DIP plug coming out of the bottom of the POD. PODs for plastic leaded chip carrier 
(PLCC) parts have a pin-grid array (pGA) plug coming out from the bottom of the POD. To plug a 
PGA POD into a PLCC socket, you can get an optional adapter. The PGA68-PLCC68 is a typical 
adapter. If your target board has feed-through holes and you solder a PGA socket into it, you don't 
need an adapter. If your target board already has a PGA socket, you don't need an adapter. 

POD-31-S: All the above external PODs use P3.6 as WR/ and P3.7 as RD/. But there is a40-pin external mode POD version 
that lets you use these two lines as I/O. The basic board is the POD-31-S. This special-S option lets 
you select whether the two lines are to be WR/ and RD/ or else I/O. They can be unidirectional port 
lines (input-input, input-output, output-input, or output-output). You also can get this POD in the 
variations of 16 MHz and 20 MHz and any of the 40-pin part variations listed above. 
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2. Bondout PODs 

Bondout PODs use special microcontrollers that the semiconductor manufacturers designed to perform all the functions of the 
part. They also have additional lines "bonded out" from the chip that allow control for emulation. 
PODs with these special chips cost more than PODs with widely available commercial chips, but give 
you a greater flexibility in how you use the ports. These PODs allow you to use any combination of 
internal or external mode of the chip, and respond to the state of the External Access (Jl.A/) pin. 

Nohau has bondout PODs for many diffcrcnt microcontrollers. 

You can emulate the SO/8OC51, 87/87C51, 80/8OC31, 8OC/83C/87C652, 83C/87C654, 8OC/83C662 and 8OC/83C851 with the 
POD-C51B. 16 MHz and 24 MHz versions are available. 

To emulate the 83C451, 87C451 and 8OC451 in the PLCC package, you can use the POD-C451B-PGA. See the previous 
discussion about PGAs. 

For emulating the 8OC/83C/87C552 and 8OC/83C/87C562 you can use the POD·C552B·PGA. It also is available in a 16 MHz 
and 24 MHz versions. 

For emulating the 83C751 and 87C751, use the POD·C751. It has a 24 pin DIP plug on the bottom of the POD. You also can 
get an adapter to plug into 28 pin PLCC sockets. A 16 MHz version is available. 

For emulating the 8XCL4lO, 8XCL31 , and 8XCL51, use the POD·CL410. 

For emulating the 83CL580, use the POD·CL580 and a special adapter. 

You should be aware of one small problem that most 8051 bondout parts have with serial communication. Specifically, if your 
program has written to SBUF, but the TI flag has not been set, and you then break emulation, the TI 
flag will never be set after you resume emulation. 

Bondout PODs give you the best of both worlds. They let you mix how you use the ports. So you can emulate the single·chip 
mode using the ports as I/O. Or you can emulate external bus mode. Or you can emulate a mix of both 
modes. 

3. "Hooks"-Mode PODs 

The newest type of POD Nohau offers uses a different technique for emulating. Certain chips can be put into a proprietary 
"hooks" mode that multiplexes the port information in and out of the part. The chip can still put out 
address and data. Most have 16 MHz versions available. This group includes these PODs: 

The POD·C752 is for emulating the 83C752 and 87C752. It has a 28 pin DIP plug on the bottom of the POD. You also can get 
an adapter to plug into 28 pin PLCC sockets. 

The POD·C52 can emulate the 80/8OC/87/87C51, 80/8OC/87/87C52, 80/8OC31 and SO/8OC32. You can use this POD when 
you need to emulate the 8052·type parts in single-chip mode when you are using Timer 2. 

The POD·CS28 can emulate the SO/8OC/87/87C528. 

The POD·C592·PGA can emulate the 8XC592. See the previous discussion aboutPGAs. 

The POD·C550·PGA can emulate the 80/8OC/87/87C550. It has a 44-pin PGA plug. You also can get an adapter to plug into 
44-pin PLCC sockets. 

The POD·CS75 can emulate the 8X575. 

The POD-COS4 can emulate the 8XC053/054 "MTV" chip. 

With the "Hooks"-Mode PODs, you use jumpers to select whether the code is to be fetched from the emulator RAM or from 
external ROM. You also select whether the read-write memory is in the emulator or on your target 
board. The ports on these PODs may have slightly different electrical characteristics than the 
microcontroller. Specifically, some output signals can appear up to three clock cycles later than on the 
actual part. Also, some ports have greater current sink or sink and source capacity or slightly higher 
impedance than the actual part. For almost all applications, these differences will have no detrimental 
effects. 
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You can use any size EMULSI-PC emulator and optional trace board with any POD you choose in Nohau's EMULSI-PC 
family. Choose an emulator and trace board with frequencies as fast or faster than the frequency of 
your fastest POD. If you need more information about which POD would best fit your application, 
please contact Nohan. 
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LCP 
80C51 Family Programmers 

The lCP family of 80C51 programmers 
supports the entire line of Philips 80C51 
microcontroller derivatives. The lCP is a 
low cost approach to programming 
microcontrollers. It was designed to be 
used with a standard PC. The PC 
provides the "brains' or processing 
power and buffer memory. The lCP 
programmers are ideal for development 
purposes or short production runs. 
There are two models of the lCP 
programmer; one for the standard 40-pin 
DIP and 44-pin lCC devices, and the 
other for 24- and 28-pin DIP and 68-pin 
lCC devices. 

• low cost programmers for 80C51 

family of microcontrollers 

• Serially linked to IBM P~rogram 
time is approximately 
3 minutes for 32K bytes 

• Programs and verifies code bytes 
and security b~s 

• Programs microcontroller from 
standard hexadecimal files from PC 

• Provides one button function key 
routines for common operations 

• Allows programming multiple devices 
with the same code using a single 
command to repeat the blank 
checklprogramlverify function 

P8051 LCP40 SO Programs 4O-Pin DIP and 44-Pin LCC Devices 

P8051lCPX SO Programs 24- and 28-Pln DIP and 58-Pin lCC Devices 
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Description 
• Serially linked to IBM compatible host by RS-232 serial link 

• Programs and checks security bits 

• Reads and verifies microcontroller code 

• Can be used to program muniple devices with one 
keystroke per device 

• Performs standard programming functions using PC 
function keys including: 

F1 Check Blank [Verifies all memory locations contain FF] 
F2 Program [Writes code from buffer into part] 
F3 Verify code [Ensures a match between the buffer code 

and the microcontroller code] 

Each Kit Includes: 
(both kits contain the necessary hardware and software to 
program Philips microcontrollers using an IBM compatible 
PCIXT/AT) 

• Programmer Board (165mm x 95mm) 
with Zero Insertion Force sockets, 9-pin D serial connector, 
and 9V power connector 

• Software provided on 5.25" floppy (360K) 

• User Manual with step-by-step instructions 

• RS-232 Serial Cable with 9-pin D connector to attach to a 
computer serial port 

• 9-pin D connector to 25-pin D connector adaptor 

• 9V to 11 OV AC adaptor 

Ordering Information 

P8051 LCP40 so 
Programs: 87C51 

87C550 
87C52 
87C652 
87C654 
87C528 

Packages: 40-Pin Dual In-Line 
44-Pin PLCC 

Available through Philips distributors. 

Suggested resale price: $275. 

F4 Verify Security bit [Checks status of security bit] 

F5 Auto Program (for multiple devices) [Allows sequential 
programming of several microcontrollers] 

F6 Read File (load buffer) [Reads a specified HEX file into 
the buffer from disk] 

F7 Read ROM (reads microcontroller ROM is not secured) 
[Loads code in microcontroller into PC buffer] 

Fa View buffer [Allows user to view code] 

F9 Setup [Calls the setup menu to select parameters] 

FlO Quit [Returns to programmer main menu or to DOS] 

Specifications: 
• Circuit board-with Zero Insertion Force sockets 

(Board does not contain program buffer-buffer is kept in 
PC memory) 
RS-232 communication port for serial communications with 
a personal computer [Pin 2 RXDITXD, Pin 3 TXD/RXD, and 
Pin 5 is Ground] (Jumper block on board) 

• Serial Cable with D connectors (approximately 6 feet long) 

• Programming software and manual 
(Software only runs on an IBM compatible PC/XTIAT under 
DOS 2.0 or higher) 

P8051 LCPX so 
Programs: 87C751 (DIP) 

87C752 (DIP) 
87C451 (PLCC) 
87C552 (PLCC) 

Packages: 24-Pin Dual In-Line 
28-Pin Dual In-Line 
68-Pin LCC 
68-Pin LCC (alternate pinout) 

Available through Philips distributors. 

Suggested resale price: $275. 

NOTE: Adaptor sockets are available from third parties for other packages. 

For more information, call: (800)447-1500 
for the number of your nearest Philips Semiconductors Sales Office. 
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Development System 
for 80C51 and Derivatives 

INTRODUCTION 

The PDS51 is a board-level, full 
featured, In-Circuit Emulator for 
the Philips 80C51 family of 
Microcontrollers. It allows the user 
complete access to the intemal 
registers and full execution control 
with no chip resources being 
consumed. As standard, the PDS51 
is supplied with sufficient memory to 
enable emulation of the complete 
64K of directly addressable code 
memory and a 28K line by 32 bit 
wide, real-time trace buffer. 

PDS51 

The PDS51 system consists of two 
interconnected modules. One board 
(the motherboard), contains the 
systems that are common to any 
derivative emulation such as the 
control microcontroller, logic, 
communication interface and power 
supply. The second board (the 
daughterboard), contains the 

POS51 pictured with POB552 

bond out microcontroller which 
determines the target devices able to 
be emulated. Most daughter boards 
are able to emulate more than one 
target, making the range of devices 
available for emulation broad with 
minimal expense. 

Extemal breakpoints, trace control, 
emulation running and fetch address 
controlled output trigger signals are 
provided for interfacing and 
synchronising to extemal eqUipment. 

The PDS51 is controlled via an 
RS232 serial interface by a PC 
running terminal emulation or the 
PDS51-IDE debugger supplied. The 
Integrated Development Environ
ment is a windowed command and 
display environment which runs on 
PC XT, AT, 386, 486 or compatibles. 
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FEATURES 

• Supports Philips 80C51 family 

• Universal motherboard 

• Bondout dependant 
Daughterboard 

• In-Circuit emulation 

• No stolen resources 

• 64K emulation code space 

• Hardware Breakpoints (to 64K) 
on: 

Fetch address 
Fetch address and extemal 
signal 

• Real-time trace (28K steps by 32 
bits) 

• Traced information 
Fetch address 
Port pins 
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Extemal trace probes 
Control info (inta, c1, movx) 

• Conditional trace on: 
Fetch address 
Extemal signal 

• RS232 interface to PC 

• Controlled via Terminal Emulation 
with SDS command set or 
Debugger 

• Integrated Development 
Environment: 

Window interface 
Pull down menus 
Symbolic or Source level 
debug 
Borland style key strokes 
File interface via Hex or 
OMF51 

• Low cost 



Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 

Development System 
for 80C51 and Derivatives 

The PDS51-IDE INTEGRATED DEVELOPMENT ENVIRONMENT 

The PDS51-IDE Integrated 
Development Environment pro
vides an easy to use windowed 
environment that consists of five 
non-overlapping resizable panes 
that display Code, SFR's, internal 
data RAM, external data RAM (if 
enabled) and the stock area. 

Borland compatible hot-keys 
provide fast and familiar access 
to frequently used functions, while 
pull down menus lead the new 
user to the desired operation. 

File and DOS operations are 
integrated into the development 
environment with hot-key (or menu 
selected) entry to edit, assemble 
and load. 
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PDS51 

The code pane displays 
disassembled symbolic source or 
a full source listing and a cursor to 
direct operations. SFR and 
memory operands under the 
cursor are evaluated and 
displayed at the top of the pane. 

Breakpoints, triggers, trace inhibits 
and external break points may be 
hot-key set and cleared at the cur
sor while remaining visible to the 
user as background shading of the 
source. 

The SFR pane layout, content and 
display format are user defined 
and may be edited at any time. 
Valid display formats include hex, 
ascii, binary, signed and unsigned 
decimal. 
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Development System 
for 80C51 and Derivatives 

Data entry to SFR, internal and 
external memory may be made in 
hex, ascii, octal, decimal or binary 
at user discretion, reinforcing the 
fast and friendly interface concept. 

The huge 28K x 32 bit trace buffer 
is loaded in real time to provide 
subsequent viewing of past 
events. Executed code is 
presented in symbolic format on a 
cycle by cycle basis along with 13 
user selectable sampled inputs. 
Trace buffer viewing is aided by a 
cursor which is execution time 
referenced to the current program 
counter. Additional windows offer 
an execution profiler for identifying 
hot-spots for subsequent code 
optimization. 

I TERMINAL EMULATION C~M~AND s~~·· 
Power-Up Commands 
RESET Back to initialization 
Program Execution Commands 
BRA Break on address, 

addresses or ranges of 
addresses 

BRn Break at given address 
(n ~ 0, 1, 2, 3) 

BRR Break within given 
address range 

BRB Break at branch 
instruction 

BRX Break on address, 
addresses or ranges of 
addresses under external 
event control 

BV Break on internal RAM 
value 

GO Initiates program 
(FROM, TILL) execution 

(specified addresses) 
STEP (FROM) Executes single 
(FROM) instruction or 

instructions (from a 

specified address) 
UD User-defined memory 

address on display 
Memory Access Commands 
DBYTE Displays specified byte 

from internal data 

XBYTE 

CBYTE 

RBYTE 

RBIT 

ASM 

DASM 

memory 
Displays specified byte 
from external data 
memory 
Displays specified byte 
from code memory 
Displays speCified byte 
from on-chip register 
memory 
Displays specified bit 
from on-chip bit
addressable memory 
Assemble single 
instruction mnemonic 
into program memory 
Disassemble memory 
values into mnemonics 

PDS51 

Memory Set Commands 
All registers can be set 
and displayed by 
commands equal to their 
names (PSW, SCON, P3, 
TH1, TL 1, TLO, etc ... ) 

Serial 110 Interace Commands 
SAVE Copies data from PDS51 

program memory to host 
disk file (hex) 

LOAD Transfers file (hex) from 
host to PDS51 

Trace & Event Control Commands 
TRACE Display executed 

instruction flow as 
sampled in real-time 

TRIGGER Address, addresses or 
ranges of fetch 
addresses which control 
the external trigger alp 

TRACE Address, addresses 
INHIBIT or ranges of fetch 

addresses which can be 
excluded from tracing 

~~~~~- -.-~-.. --~. _ .. ~~ .. ~~---~~~~~ 
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Philips Semiconductors 8OCS1-Based 8--Bit Microcontrollers 

Development System 
for 80C51 and Derivatives PDS51 

SPECIFICATIONS ORDER CODES 
Emulation: 

PDS51 Mother board complete 
• 64K bytes of code space Fetch address sensitive 

with 64K of Emulation 
• in-circuit emulation via bondout (Sampled S2P1) 

memory. Requires 
• no stolen resources EM Emulation O/P Daughter Board for 

signals Emulation running operation 
Trace Memory: ET External Trigger O/P 
• Real-time sampling Fetch address controlled PDB654 Daughter Board 

• 28K bytes deep 32 bits wide trigger O/P incorporating 654 

• 16 bits address 64K resolution (updated S2P1) bondout. With PDS51 

• 13 bits of port lines or user signals 
emulates 87C654/652151 

via test clips (sampled S5P1) File Format: Supplied with 40pin OIL 

• 3 bits of control (C1 , inta, movx) Intel Hex, OMF51 
footprint 

• input filtering on fetch address PDB52 Daughter Board 

Serial Interface: incoporating 52 bondout. 

Break Points: • RS232C With PDS51 emulates 

• Hardware based • Asynchronous, 8 data, no parity, 87C52/51 Supplied with 

• up to 64K on fetch address 1 stop bit 40pin OIL footprint 

• up to additional 64K on extemal • 9 Pin '0' connector PDB752 Daughter Board 
signal and fetch address • RxdlTxd pin 2, 3 jumper incorporating 752 

swapable bondout. With PDS51 
User Interfaces: • 9.6K119.2K138.4K1115.2K Baud emulates 87C7521 

(1) Dumb Terminal Emulation (not jumper selectable 7511750 Supplied with 

supplied) • XonlXoff handshaking 28pin OIL and 24pin OIL 

Command Line Instructions footprints 

(2) Windowed full screen debug Size: PDB528 Daughter Board 
environment. Requires: Motherboard and daughterboard incorporating 528 

PC XT/AT/386/486 or 130mm x 11 Omm x 42mm (L.w.H.) bondout. With PDS51 
compatible emulates 87C528/524 
MSDOS ver 3.1 0 or later Speed: Supplied with 40pin DIL 
512K bytes RAM or greater • 3.5 to 12 MHz footprint 
Monochrome/EGANGA Screen • no wait states 

PDB552 Daughter Board 
interface • no stolen cycles incorporating 552 

bondout. With PDS51 
Interface Signals: Power Supply: emulates 87C552 I 562 I 

(lTL, 47K pullup terminated) • 9V nom (6.5 to 9.5V) 654 I 652 I 51 Supplied 
FT Force Trace liP • 800mA max, 500mA typ with 68pin PLCC 

overide trace input filter (PDS51 + PDB654) footprint and 40pin DIL 
BP Breakpoint liP • 3.5mm Phono Plug centre positive footprint 

extemal event breakpoint connection 
PDA44 Footprint adaptor DIL40 

to PLCC44 
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80C51 - 12C Bus Elevation Board 

The S87COOOKSD Evaluation Board 

is a low cost, stand-alone, board 

level product, designed for evalua

tion of the 12C Bus and Philips 

80C51 derivative microcontrollers. 

Its modular board layout and 

modular software make it useful for 

fast prototyping and as an 

educational tool. 

S87COOOKSD 

This attractive board is supplied with 

an 87C751 (OTP) microcontroller 

programmed with the demonstra

tion software. Sockets for the 

87C752, 87C654/528 and the 

87C552 are included on the board. 

They are provided to facilitate 

customer development of software 

for these microcontrollers. 

The S87COOOKSD has 16 sections demonstrating and displaying 
10 12C-bus devices. 

A comprehensive user manual is 

supplied which includes circuits, 

layouts, and demonstration source 

code listing. The user needs only to 

provide power from a 9V 200mA 

plug pack or similar DC power 

supply. A 3.5mm socket for this is 

provided on the board. 
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SECTION 
• Microcontroller 
• LCD Display 
• LED Display 
• 8-bit Parallel I/O 
• 8-bit Parallel 1/0 

• RAM 
• EEPROM 
• Clock I Calendar 
• DTMF Dialler 
• NDand D/A 
• Socket for 87C752 
• Socket for 87C654 I 528 
• Socket for 87C552 with 

extemal RAM and latch 
• RS232 Interface 
• Power Supply 
• Prototyping Area 
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DEVICE 
87C751 
PCF8577 I L TD226F-12 
SAA1064 
PCF8574A 
PCF8574 
PCF8570 
PCF8582 
PCF8583 
PCF3312 I TDA7050T 
PCF8591 
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Symbolic debugging package XRAY51 
for the SOS 8051 emulator 

The XRA y™51 package enables the 
software developer to monitor and control the 
execution of a target program using the same 
high-lewl or assembly-level tenns, definitions 
and structures found in the original source 
program. It employs a window-oriented user 
interface which segregates the debugging 
infonnation into meaningful areas. Two 
versions of XRAY51 , e~h with identical user 
interface, are available: 

• An emulator version' using Philips' 50s 
8051 emulation hardware as engine 

• A simulator wrsion' using a software 
engine. 

The emulator (debugger) facilitates 
debugging in real-time on a real target; the 
simulator supports debugging in an 8051 
environment, simulated in software on the 
host system. Both wrsions oontrolthe 
execution of the program and allow the user 
to stop, start, and examine the target 
software by means of a powerful command 
language that employs C language 
expressions. 

XRAY51 HIGH·LEVEL 
DEBUGGER 
The XRAY51 debugger helps to locate 
programming errors in the source code of C, 
PUM or assembly language programs for the 
8051 family of microcontrollers. The user can 
isolate these errors by controlling and 
monitoring program execution. For example, 
the user can single-step through the program 
a specified number of microoontrolier 
instructions or high-level language lines. 

Variables can be accessed with respect to 
the source language in which they had been 
defined (i.e., PUM or Assembly). Operating 
XRAY51 in Assembly mode. the user can 
manipulate the contents of all processor 
registers. Only those registers that are part of 
the selected 8051 derivative are allowed to 
be accessed. 

Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 

When debugging with XRAY51 , the user can 
examine the contents and modify the value of 
any variable, compute the value of C, PUM 
source language expressions and assembly 
level address expressions, and define, 
remove. or display symbols. 

Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor input/output from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without the need of 
user interaction. 

XRAY51 also allows a virtually unlimited 
number of user-defined windows. 

FEATURES 
The XRAY51 debugger has been designed 
with the developer of embedded applications 
in mind. Its principal features are: 

• Integrated PLlM-51 source-language and 
assembly-language debugging; toggle by 
function key at any time 

OM4129 

• Window-oriented display which segregates 
debugging inlonnation into meaningful 
areas 

• Symbolic debugging w~h C, PLlM-51 
variables and C, PUM-51 statements 

• Simple and complex breakpoints 

• Single-step execution 

• User-definable screens and 
Yiewports-ability to write selected 
infonnation 

• Command macros 

• Breakpoint macros (limited to the number 
of breakpoints of the 50S 8051) 

• Command breakpoint macros may contain 
C statements, induding: FOR, WHILE, DO, 
PRINTF, and FPRINTF 

• On-line context-sensitive help 

• Command files 

• Output logging 

• Fully supports 50S 8051 with the latest 
finnware version 

• High-lewl trace 

• Transparent ICE mode for direct control of 
5058051 

• Supports most 8051-derived 
microcontrollers, including the 8OC51131, 
87C51,8XC451/528155215621592165216541 
7511851,8XCL4101710151 and the 
8051131/52132. 

XRAY is a trademark of Microtec Research Inc., which holds all intellectual property rights for XRAY51. 
• The 50S 8051 emulator version of XRAY51 is available from Philips Semiconductors (type number OM4129) and is sourced from 

BSO/Tasking Software B.V .• Amersloort, The Netherlands. The simulator version is available from BSO/Tasking Software B.V. 
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Symbolic debugging package XRAY51 
for the SOS 8051 emulator 

COMMANDS 
Note, all commands can be issued in an 
abbreviated form. 

Session Control Commands 
HOST Enter the host operating 

system environment 
LOAD Load an object module for 

debugging 
QUIT Terminate a debugging 

session 

execution and Breakpoint 
Commands 
BREAKINSTRUCTION 

CLEAR 
GO 

GOSTEP 

STEP 

STEPOVER 

Set an instruction 
breakpoint 
Clear a breakpoint 
Start or continue program 
execution 
Execute macro after each 
instruction step 
Execute a specified 
number of instruction lines 
Step, but execute through 
procedures 

Display Commands 
DISASSEMBLE Display disassembled 

DUMP 
EXPAND 

FIND 
FOPEN 

FPRINTF 

UST 
MONITOR 
NEXT 

NOMONITOR 

PRINTF 

PRINTVALUE 

memory (assembly mode) 
Display memory contents 
Display all local variables 
of a procedure 
Search for a string 
Open a file or device for 
writing 
Print formatted output to a 
viewport or file 
Display source code 
Monitor variables 
Find next occurrence of a 
string 
Discontinue monitoring 
variables 
Print formatted output to 
command viewport 
Print the value of a 
variable 

Memory Commands 
COMPARE Compare two blocks of 

COpy 
FILL 

SEARCH 
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memory 
Copy a memory block 
Fill a memory block with 
values 
Search a memory block for 
a value 

SETMEM 

SETREG 

TEST 

Change the values of 
memory locations 
Change the contents of a 
register 
Examine memory area for 
invalid values 

pon I/O and Interrupt Commands 
DIN Display input port buffer 

DOUT 

INPORT 

INTERRUPT 
NOINTERRUPT 
OUTPORT 

RIN 

ROUT 

values 
Display output port buffer 
values 
Set or alter input port 
status 
Simulate an interrupt 
Cancel pending interrupts 
Set or alter output port 
status 
Rewind input file 
associated with input port 
Rewind output file 
associated with output port 

Symbol Commands 
ADD Create a symbol 
DELETE Delete a symbol from the 

symbol table 
PRINTSYMBOLS Display symbol, type, and 

address 
SCOPE Specify current module 

and procedure scope 

Utility Commands 
CEXPRESSION Calculate the value of an 

expression 
ERROR Set include-file error 

handling 
HELP Display On-line help screen 
INCLUDE Read in and process a 

command file 
JOURNAL Record a debugger 

session in a file 
LOG Record debugger 

commands and errors in a 
file 

MODE Select debugger mode 
(high or assembly) 

OPTION Set debugger options for 
this session 

PAUSE Pause simulation 
RESET Simulate microprocessor 

reset 
RESTART Restart program counter to 

the program starting 
address 

STARTUP Save the default start-up 
options 
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Macro Commands 
DEFINE Create a macro 
SHOW Display the macro source 

Vlewpon Commands 
VACTIVE Activate a viewport 
VCLEAR Clear data from a viewport 
VCLOSE Remove a user-defined 

VMACRO 

VOPEN 

VSCREEN 
VSETC 

ZOOM 

viewport or screen 
Attach a macro to a 
viewport 
Create a screen or 
viewport or change sizes 
Activate a screen 
Set the cursor position for 
a viewport 
Increase or decrease the 
size of a viewport 

Function Key Commands 
VACTIVE-1 Activate the next viewport 

(counter clockwise) 
VACTIVE+ 1 Activate the next viewport 

(clockwise) 
MODE Change debugging mode 

(assemblylhigh) 
ZOOM Increase or decrease the 

HELP 
VSCREEN 
BACKUP 
STEP 

STEP OVER 

size of a viewport 
Access on-line help 
Change the active screen 
Back up one command 
Execute one machine 
instruction or source line 
Step, but execute through 
procedures 

In-Circuit Emulator Commands 
ICE Communicate with 

in-circuit emulator (ICE) 
NOICE Return to debugger 

command mode 

RESTRICTIONS 
• Up to 4 instruction breakpoints are allowed 

simultaneously. 

• When an instruction has a breakpoint set, 
control is returned to XRAY afterthis 
instruction has been executed. However, 
the information about the break address 
returned is correct. so user actions (like 
macros) are executed as expected. 

• In the current release, the TRACE 
capability of the SDS 8051 is supported by 
means of the ICE/NOICE command. The 
SDS 8051 TRACE information can be 
recorded in a journal file, by means of the 
JOURNAL command. The next release of 
XRA Y51 will support emulator tracing 
within the debugger. 



Philips Semiconductors 8OC51-Based 8-Bit Microcontrollers 

Symbolic debugging package XRAY51 
for the SOS 8051 emulator 

HARDWARBSOF~ARE 

REQUIREMENTS 
XRAY51 software is supplied on 5 1/4" 

disketles (31/2" disketles are available on 
request) together with the documentation: the 
XRAY51 User's Guide, XRAY51 Installation 
Guide and the XRAY51 Reference Manual. 
XRAY51 will run on an Ms.-DOS computer 
equipped with a hard disk and at least 
512kbyte RAM. 

To work with XRAY51 ,you will also need: 

• An ASM51 Intei-compalible relocatable 
cross-assembler and lINK51 
Intel-rompatible linking loader (version 1.0 
or later). 

" you want to use the high-level language 
capabilities of XAAY51 , the following 
PlIM-51 compiler is required: 

• PLMTI51 (version 2.0 or later) with the 
ASM51 assembler 

These products can be ordered from Philips 
Semiconductors. See Ordering Information. 

ORDERING INFORMATION 

TYPE NUMBER 

Ccntact your local Philips representative for 
specific enquiries. Ask for the following 
leaflets: 

Stand-alone debug station for 
B0C5118051-based systems, ordering code 
9398 366 00011 ; 

Pl..IM-51 compiler package for 
B0C5118051-based systems, ordering code 
9398366 20011 ; 

Cross-assembler package for 
8OC5118051-based systems, ordering code 
9393 366 30011. 

SOF~ARE MAINTENANCE AND 
SUPPORT 
After a 9O-<lay warranlY period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 

DESCRIPnoN 

OM4129 XRAY51 high-level language debugger for the SOS 8051; MS-DOS 

Related Products 

OM4142 Cross-assembler package comprising the ASM51 assembler, 
and the lINK51 linker 

OM4144 Compiler package comprising the PLMTII 
.. 

Orders can be placed VIa your local PhilIps SemICOnductors sales representatIve . 

Intel is a trademark of Intel Corporation. 
MS-DOS is a trademark of Microsoft Corporation. 
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8051 C cross-compiler 

INTRODUCTION 
The BSOITasking C-51 cross-<:ompiler 
(0M4136) offers a new approach to 
high-level language programming for the 
8051 family. It is a very powerful combination 
of our extensive 8051 knowledge and our 
ANSI compliant C compilers. the result of this 
combination is a compiler that is fast, efficient 
and supports all the members of the 8051 
family. 

FEATURES 

• Supports: 
- Full ANSI Standard 

- All members of the 8051 family 

- Reentrant programming 

- Extremely efficient and powerful pointer 
arithmetic 

- Inline assembly programming 

- In line expansion of predefined functions 
Lrol, _ror, etc.) 

- Full Intel OMF51 and IEEE695 version 
4.0 object formats 

- Data overlay mechanism 

- Full calling interface (with parameter 
passing) to BSOfTasking PUM-51 
(OM4144) 

- Fast 8-bit char arithmetics 

- C-Ievel access to chips' SFRs 

- C-Ievel bit-type and interrupt 

• Generates Intel-<:ompatible assembly 
source 

• Outputs symbolic information for source 
level debugging using XRAY51 

• Produces very efficient, fast executing and 
reliable code 

• Code is ROMabie 

• Supports 4 memory models to best meet 
application requirements 

• Separate compilation of program modules 

• Embodies integral standard preprocessor 

• Is one-pass, fast and compact (no 
intermediate code or files) 

• 3-layer design simplifies maintenance 

• Complete set of UNIX-like compiler options 

• Comes with C library and run-time support, 
induding 110 calls (+ printfJ, memory 
management, floating point, math and 
arithmetic functions 

• C libraries in source code included for 
leaming and tuning purposes 

• The 0M4136 product is for IBM PC DOS 
as host. From BSOITasking, the C-compiler 
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is also available on the hosts: (micro)VAX 
(VMS or Ultrix), IBM PC (Xenix), IBM PS/2 
(OSI2, AIX), IBM RISC System/6000, 
SUN-3I-4 (SUN.QS), HP90001300 (HP-UX) 
and Apollo (UNIX) 

• Generates reentrant and relocatable code 
and relocatable data 

• Same calling sequence on all hosts 

• Same source and generated assembly 
code can be used on all hosts 

• Automatic installation and self test 

• Benchmarks and application notes are 
available on request 

CLANGUAGE 
Although intended as a general purpose 
high-level programming language, C is 
perhaps most powerful in the area of 
real-time system programming for embedded 
microcontrollers. 

ANSI C features economy of expression, is 
well defined, has an improved type checking, 
supports structured and modular 
programming and has a rich set of data- and 
operator-types that map to virtually every 
single address space 
microcontroller/processor. Since the 
operators and type definitions generally 
match well with the instruction sets and word 
lengths of most microcontrollers, C is very 
efficient in therms of code size and execution 
speed. 

COMPILER TECHNOLOGY 
The 8051 C compiler was built using the 
latest compiler technology, including 
optimization and multi-layering. It is 
essentially a one pass compiler, translating 
on a function-by-function basis, achieving 
very fast compilation and a large span for the 
optimization process. A significant effort was 
made to obtain a well-defined, layered 
product. 

The top layer basically consists of a lexical 
and grammar analyzer with co-routine 
structures to serve both the pre-processing 
and compilation needs. The grammar 
analyzer is produced by an LALR( 1) parser 
generator, eliminating a potential source of 
error. 

A second layer separates the actual code 
generation layer from the top layer and is 
merely intended to simplify re-targeting of the 
compiler to other target processors. It was 
designed to represent the translated program 
independent from the language and the 
target This is where most of the 
optimizations are done. 
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The code-generation layer is driven both by 
the second layer and by a set of tables and 
rules reflecting the target assembly language 
and the behavior of individual instructions. 

IMPLEMENTATION DEPENDENT 
DATA 
This section outlines features of the C-51 
compiler which, for the most part, are specific 
to the 8051 family of microcontrollers. 

Compiler Options 
The following options are supported: 
-a specify function parameter size 
-b specify default register bank number 
-C specify 8051 derivative type 
-D define named identifier to the 

preprocessor 
-E only run the preprocessor 
-f read command line options from file 
-g generate high-level debugging 

information for XRA Y51 hll-debugger 
-I force preprocessor to look for include 

files in the specified directory 
-m specify memory sizes for static 

allocation checking 
-u select memory model 
-n write output to screen instead of output 

file 
-0 write output to named output file 
-0 controlled optimization 
-r specify ROM size for optimal jump-type 

generation 
-R control segment assignment 
-s merge C source with generated 

assembly code 
-S put strings in ROM only 
-I do not produce module summary 

information 
-u remove any initial definition of named 

identifier 
-v do not generate code for interrupt 

vectors 
oW suppress warning messages 

Data Sizes 

Type 
bit 
char 
shortint 
int 
longint 
float, (long) double 

pointer type 

Size (In bytes) 
1 bit 
1 
2 
2 
4 
4 (IEEE single 

precision) 
lor 2' 

'NOTE: Pointers to data, idat and pdathave 
a size of 1, whereas pointers to 
rom, xdat and functions have a size 
of 2. 
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8051 C cross-compiler 

Code Optimization 
The compiler intermediate layer performs 
general code-optimization and the 
code-generator does some final optimizations 
that are specific to the 8051. 

General Optimizations: 

• Register allocation 

• Branch opu mization 

• Dead code elimination 

• Constant folding 

• Arithmetic simplification 

Code Generator Optimizations: 

• Store-copyoptimization 

• Peephole optimization 

Adaptation to Target 
Environment 
Cross-compilers are used to develop 
embedded microcontroller applications, 
where the hardware environment in which 
they will run is not fixed in advance. The 8051 
compiler allows flexible adaptation to dillerent 
target environ ments: 

• The oompiler supports 4 dillerent memory 
models. This allows the compiler to 
generate the best possible code for a 
particular hardware implementation. 

• Interrupt service routines can be written in 
C or assembly (through special controls) 

Memory Models 

• Generated code is ROMable 

• 8051 derivative is switch selectable 

• User-controlled mapping of oode and data 

Pragmas 
The #pragma directive is intended to supply 
target dependant data to the compiler, without 
violating the C language. In C-51 , pragmas 
are used to merge C lines with generated 
assembly, to control code generation for 
interrupt service routines and to support inline 
assembly programming. 

LIMITATIONS 
The use of several C constructs is restricted 
to a maximum number, as proposed by ANSI. 
Both the preprocessor and compiler meet 
these 'environmental requirements of a 
conforming implementation'. As an additional 
constraint however, the number of statements 
in a function body is restricted to 
approximately 1800. 

DOCUMENTATION 
The compiler is shipped with the 8051 C 
Compiler User Manual. 

Additional information about the C language 
can be found in "The C Programming 
Language" (second edition), by B. Kerighan 
and 0 Ritchie (1988, Prentice Hall). 
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RELATED PRODUCTS 
The C51 compiler (OM4136) is part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers. This incorporates a Hll 
debugger, XRAY-51 (OM4129) in 
combination with Philips' 80S-8051 emulator, 
PUM-51 compiler (OM4144), 
cross-assembler and (optimizing) linker 
(OM4142), all available from Philips 
Semiconductors. 

SOFTWARE MAINTENANCE AND 
SUPPORT 
After a 90 days warranty period, in which all 
support will be given free of charge, a 
software support contract is availabe from 
BSOlTasking at a modest annual fee. 
BSOlTasking realizes the need for fast and 
thorough support in this complex area where 
a lot of time may be wasted before a 
(afterwards simple) problem is isolated andlor 
tackled. With a support license, you can use 
BSOlTasking resources to solve your 
problem. You will get a direct access to 
experienced engineers. Furthermore, you 
receive (free of charge) the periodical 
BSOlTasking Newsletter, regarding revisions, 
hints and documentation corrections. 

MODEL DATA ALLOCATION APPLICATION 

small static, in on-chip direct addressable RAM (data) fast programs in small environments 

auxpage static, in first page of external RAM (pdaq derivatives with 256 bytes on-chip "external" RAM 

large static, in external RAM (xdaq fast, non reentrant with large extemal RAM 

reentrant dynamic + static, in external RAM (xdaq large, reentrant programs in large environments 

ORDERING INFORMATION 

TYPE NUMBER DESCRIPTION 

OM4136 8051 C-compiler package 

Related Products 

OM4144 PlM-51 compiler 

OM4142 8051 cross-assembler and linker 

OM4129 XRAY51 high-level language debugger for the SOS 8051 

Orders can be placed Via your local Philips Semiconductors sales representative. 

Sourcad from BSOITasking Software B.V .• Amersfoort, The Netherlands, which holds all intellectual property rights for this software. 

™ Intel is a trademark of Intel Corporation. 
MS-OOS and XENIX are trademarks of Microsoft Corporation. 
XRAY is a trademark of Microtec Research Inc. 
UNIX is a trademark of AT&T Bell Laboratories. 
VAX. microVAX, VMS and Ultrix are trademarks of Digital Equipment Corp. 
HP9000 and HP-UX are trademarks of Hewlett Packard Co. 
SUN-3 and SunOS are trademarks of Sun Microsystems Inc. 
IBM PC is a trademark of International Business Machines Corp. 
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Cross-assembler package 
for BOC51/B051-based systems 

This package comprises the cross-assembler 
for translating 8051 assembly language 
programs into relocatable object oode: 

• The ASM51· macroassembler which 
accepts Intel-compatible assembler source 
programs and produces relocatable '-.08./' 
object files. An absolute or executable 
'A. OUT' load-image is obtained using the 
LlNK51 linker. 

The absolute object file can be modified to 
IEEE format to serve as input to the XRAY51 
debugger. 

FEATURES 
• Produces relocatable object code, listing 

files and diagnostic messages 

• Accepts Intel-compatible source programs 
(ASM51) 

• Supports most 8051-derived 
microcontrollers including the 8OC51/31, 
B7C51,8XC451/52815521562159216521 
65417511851, 8XCL41 0171 0 and the 
8051131/52132. 

• Compatible with PUM-51 compilers 

• Conwrsion to IEEE object oode format 

• Compatible with XRAY51 
High-LeveVAssembly-Lewl Debugger 

• Includes many utilities such as, Librarian, 
Cross-reference generator, object 
code-conwrtors 

• Supports segment overlay at the Assembly 
lewl 

• C and MPL (Macro Programming 
Language) compatible macro 
preprocessors included 

• Separate linking phase. 

OPERATION 
The input to both assemblers usually comes 
from a preprocessor which interprets 
preprocessor directives in the source 
program to deal with file inclusion, macro 
definition and replacement, conditional text 
inclusion, etc. Two preprocessors are 
available as separate programs, allowing the 
programmer to use either the C preprocessor 
directives or Intel's Macro Programming 
Language, or even a mixture of both. 

The output may then be assembled using the 
ASM51. Depending on the selected member 
of the 8051 family, the ASM51 assembler 
enables or disables the names of special 
function registers that are applicable. For the 
ASM51, this is easily solved by 
target-<lependent inclusion of a specific 
equate list in the source file . 

The assembler translates a source program 
into relocatable object code using three 
different passes. The program syntax, 
assembler directives and user-<lefined 
symbols are checked and processed during 
the first pass. In the second pass, all generic 
forward jumps and calls are optimized. In the 
third pass, relocatable code is generated. 

To obtain a single executable load image, all 
necessary relocatable objects, including 
library modules, are linked together using the 
proper linker (I.e., LlNK51). This executable 
load image may then be converted to an 
ASCII file that may be downloaded into an 
EPROM programmer or an emulator. 

The assembler is capable of generating 
symbolic debug information to accommodate 
information for the XRAY debugger. 

ASSEMBLER LIMITATIONS 
The number of user-<lefined symbols and 
macro parameters is limited only by the 
available heap space. Save/restore nesting is 
restricted to 16 levels. 

DIFFERENCES BETWEEN 
PHILIPS' ASM51* AND 
INTEL'S ASM51 
Unlike Intel's ASM51, which restricts the use 
of register equates to the A and RO-R7 
registers, Philips' ASM51 puts no constraints 
on register name assignment. And it can 
optimize generic JMP and CALL instructions, 
ewn when they contain a forward reference. 
In such cases, Intel'S ASM51 will always 
produce code for a WMP and LCALL, which 
takes 50% more code. 

Philips' ASM51 supports four new directives 
that are not available in the Intel ASM51 : 

• $Iistall generate a listlile in 
every pass (not only in 
the final one). This 
improves diagnostics. 

• $(no-)optimize enable (default) or 

• $debuginfo 

disable generic 
JMP/CALL optimization. 

control symbolic debug 
information generation. 

Since the $gen, $genonly, $nogen, $include 
and $macro directives are already dealt with 
during the preprocessing stage, these can be 
ignored by Philips' ASM51. 

Similarly, $(no-)xref and $(no-)symbols 
directives are ignorecl---n!port utilities are 
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available to accomplish the same task. And 
the $workfiles is no longer useful and is 
ignored too. 

Philips' ASM51 recognizes ?SYMB, ?LlNE 
and ?FILE symbols that are used to pass 
debug information towards the object module. 
Philips' ASM51 recognizes the C-like .line 
directive to adjust the line number and file 
name. This directive is generated by both 
preprocessors to synchronize the output line 
with the original input. This improves the error 
diagnostics of Philips' ASM51 compared with 
those of its competitors, since error 
messages now refer to the proper (include) 
file and line number. 

A powerful addition is the overiayO which 
gives the programmer full control of the 
section overlay strategy. 

UTILITY PACKAGE 
Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp) and an Intel 
MPL-compatible preprocessor (mpl) to deal 
with the various preprocessor directives and 
macros. 

In many cases, the format of the object code 
produced is not suitable for 
EPROM-programmers, emulators or 
debuggers. Therefore, several utilities are 
included to convert the code to Intel HEX 
(oct_ihex), Motorola $0-$9 (OCLSrec) or 
IEEE~95 (oct_ieee) or vice-versa (ocUhex, 
ocLsrec). 

An optional utility package is available 
separately from Tasking Software B. V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols in a program ('axref' and 'anm'), and 
the 'asize' utility to get information about the 
section sizes. 

HARDWARE/SOFTWARE 
REQUIREMENTS AND 
INSTALLATION 
OM4142 software comes to you on 51/4 " 

diskettes (31/2" diskettes are available on 
request) together with extensive 
documentation, including two Assembler 
Reference Guides, Preprocessor Manuals, 
Utility and Installation Guide. The software 
requires an MS-DOS computer with a hard 
disk and at least 512k byte RAM installed. 
Software installation is simple, 
well-documented and can be verified 
afterwards using an automatic verification 
program. 

• Sourced from BSQlTasking Software B.V., Amersfoort, The Netherlands, which holds all intellectual property rights for this software. 
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Cross-assembler package 
for 80C51 /8051-based systems 

RELATED PRODUCTS 
The OM4142 assembler is part of a complete 
programming and development package for 
the 8051 family of microcontrollers. For both 
assemblers, there is an excellent PLJM-51 
compiler available from Philips offering the 
convenience and benefits of high-level 
language programming, resulting in a 
dramatic increase of programmer productivity. 
Testing and debugging can be accelerated 
using the High-LeveVAssembly-Level 
XRAY51 debugger. Contact your local Philips 
Semiconductors software sales office for 
more information. Ask for the following 
leaflets: 

Symbolic debugging package XRAY51 for the 
SDS 8051 emulator, ordering code 
9398 366 10011; 

ORDERING INFORMATION 

TYPE NUMBER 

PUM-51 compiJerpackage for 
BOC5118051-based systems, ordering code 
9398366 20011 ; 

Stand-alone debug station for 
BOC51/8051-based systems, ordering code 
9398 366 00011. 

SOFlWARE MAINTENANCE AND 
SUPPORT 
After a 9O-day warranty period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be 1aken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and wnh a support 
license, you get direct access to a 
development team that can solve your 
problems. 

DESCRIPTION 

OM4142 8051 cross-assembler package comprising the 
ASM51 assembler, and the LlNKSl linker 

Related Products 

OM4144 PLJM-51 compiler package comprising the compiler 

OM4129 XRAY51 high-level debugger for the 50S 8051 
.. 

Orders can be placed VIa your local PhIlips SemIconductors sales represen1atlve . 

™ Intel is a trademark of Intel Corporation. 
XRAY is a trademark of Microtec Research Inc. 
MS-DOS is a trademark of Microsoft Corporation. 
UNIX is a trademark of AT&T Bell Laboratories .. 
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PUM-51 compiler package 
for 80C51/80!?1-based systems 

This package comprises the cross-compiler 
(PLMTI51") which efficiently lranslates 
programs written in Ihe PUM-51 language 
into 8051 Assembly. The PLMTl51 generates 
Intel-compatible source, which can be 
assembled and linked using Philips' ASM51 
and LlNK51 programs. 

This compiler embodies the latest 
techniques. II is built upon a YACC-based 
parser. Intermediate code is buill using tree 
structures that are optimized into new lrees 
by lhe compiler before code-generalion 
starts. An internal peephole optimizer further 
improves Ihe density of the generated code. 

It can be ordered under the Philips' type 
number0M4144. 

FEATURES 
• State-of-the-art compiler: fasl, single-pass, 

memory-based 

• Fully compatible with the Inlel PUM-51 
language definition 

• Fully compatible with Philips' 
ASM511L1NK51 cross-assembler and linker 

• Produces highly optimized code 

• Supports mosI8051-derived 
microcontrollers, including the 80C51131, 
87C51 , 8XC451/52815521562159216521654/ 
751/851, 8XCL4101710151 andlhe 
8051131/52132 

• Both compilers support the XRAY51 
high-level language debugger, available 
from Philips 

• Supports in-line assembly code 

• Optional IEEE single-precision floating 
poinl package 

• Includes several utility programs: pr, grep, 
aar, cpp, scU51 , ocC051, ocUhex, 
ocUeee, oct_srae, ocUhex, ocCsrec, 
makelib and pack 

• Utility library included in source code 

• Combiner performs optimization alload-file 
level (Philips' ASM51 only) 

• Easy tailoring to application and targel 
hardware 

• Produces relocatable code and data 

• Available for many hosts besides the IBM 
PC (MS-DOS), for example: (micro-)VAX, 
(VMS, Ultrix), HP9OOOI300 (HP-UX), 
SUN-3 (Sun-OS); available from 
BSO/Tasking Software B.V. 

• Supports optimize(4): intermodule overlay 
optimization 

• Supports 15 interrupts 

• Automatic installalion with self-test 

• Benchmarks available on requesl 

PUM·51 
PUM-51 is a structured, high-level 
programming language derived from the Inlel 
PUM-80 language and adapted 10 Ihe 
specific capabilities of the 8051 family of 
single-chip microcontrollers. It supports 
Boolean processing and allows efficienl 
access to all microcontroller hardware 
functions. 

Software developmenl in PUM-51 combines 
Ihe ease of programming in a high-level 
language with access to all of lhe 8051 I/O 
and memory-features that are normally only 
available to assembly language 
programmers. 

The Philips' implementation of PUM-51 is an 
extremely fasl single-pass optimizing 
compiler that is fully compatible wilh the Intel 
PUM-51 language definition. 

IMPLEMENTATION-DEPENDENT 
DATA 

Data Types 
• Data types BIT, BYTE and WORD are 

allowed for variables, arrays, structures or 
combinations thereof. 

• Memory types MAIN, IDATA, REGISTER, 
AUXILIARY and CONSTANT are 
supported. 

• Data can be stored al fixed locations using 
AT, or stored dynamically using BASED 
poinler variables. 

Procedures 
• BIT, BYTE or WORD typed procedures, 

returning a value upon completion 

• Untyped procedures, invoked wilh a CALL 
statement 

• Optional procedure attributes: 
- USING(n), specifies the regisler bank (n) 

to be used by the procedure. 
- INTERRUPT(n), defines an interrupt 

procedure for interrupl (n). 

Statements 
• Control statemenls: do while ... end, do ... 

Io ... by ... end 

• Conditional statements: if ... then ... else ... 

• Miscellaneous statements: do ... end, do 
case ... end, call, goto, enable/disable 

OM4144 (PLMTI51) 

Library Routines 

Internal (Bullt·ln) Procedures: 
lENGTH PROPAGATE 
WORD ROL 
EXPAND SCR 
SHR SIZE 
SCl BOOLEAN 
TIME SHL 
LAST ROR 
DOUBLE TESTCLEAR 

PLM51.UB: 
Ubrary routines used by lhe compiler. 

UTll51.LlB or util51,OB, utll51: 
Assembler utility libraries for both compiler 
versions, consisling of procedures for string 
manipulation. II contains the routines WOV, 
RMV, CMP, FNDB, FNDW, SKPB, SKPW, 
SETB and SETW for each memory type and 
for each register bank. 

Re-entrancy 
The generated code is nol re-entrant, 
because PUM-51 is nol defined as a 
language with re-entranl procedures. 
Because of the limited size of internal RAM, 
the local and formal parameters of 
procedures are nOI pul on the stack, but on 
static areas, which can be overlayed by the 
compiler using $OPTlMIZE(3). 

COmplier COntrols 
ROM(s), REGISTERBANK(n). OPTIMIZE(n), 
(NO)INTVECTOR, (END)ASM, INCLUDE, 
SAVE/RESTORE, (NO)LlST, (NO)SOURCE, 
(NO)CODE, (NO)DEBUG, (NO)OBJECT, 
SET/RESET, EJECT and 
IFIELSIF/ELSElENDIF 

Differences Between Philips' and 
Intel's PUM·51 
• Philips' PUM-51 allows bit-structures 10 be 

ATed at byte-variables in bit-addressable 
memory 

• Philips' PUM-51 supports floating point 

• Invocation and compiler controls are mosUy 
differenl 

• Objecl modules are not generated 

• Error messages are mosUy different 

• Differenl assembly language interfacing 
(only for Philips' plm51) 

• Compiler limits always the same or beller 
than Intel's 

" Sourced from BSOITasking Software B.V., Amersfoort, The Netherlands, which holds all intellectual property rights for this software. 
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PUM-51 compiler package 
for 80C51/B051-based systems 

Code Optimization 
Five levels of optimization are supported: 

• Level 0: performs folding of constant 
expressions and of address calculations, in 
case a constant offset exists. 

• Levell: performs all of level 0 plus 
elimination of unreachable code, strength 
reduction of expressions and partial 
condition evaluation at runtime. 

• Level 2: performs all of levels 0 and 1 plus 
machine code (peephole) optimizations 
and register history. 

• level 3: performs all of levels 0, 1, and 2 
plus automatic overlaying of o~ip RAM 
variables. 

• level 4: performs all of the other levels 
plus support of intermoclule overlay of 
on-chip data. 

General Optimizations 

• Store-copy optimization 

• Local constant propagation 

• Register allocation 

• Peephole optimization 

• Dead code elimination 

• Constant folding 

• Index simplification 

Objecl-code Optimizations 

• Branch optimization (sjmp, ajmp, Ijmp, 
acall, lcall) 

• Effective address optimization 

8051-8pecific Optimizations 

• Optimal use of the range of address modes 
of the 8051 family 

• Overlay of local data and formal 
parameters done by $OPTIMIZE(3)1(4) 

Easy Adaptation to Target 
Environment 
Cross-<:ompilers are used to develop 
embedded microprocessor applications, 
where the hardware environment in which 
they will run is not fixed beforehand. 
Adaptation to the target hardware 
environment takes place via the files headx. 
These files are used to define all 
system.<fependent set-ups such as the 
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power-on-restart vector, the initial 
stackpoinler value, the definitions of 
segments needed by the PUM-51 code and 
the mapping of those segments to the 
physical addresses. The files can be modified 
by the user to match his specific needs. 

The PUM-51 cross-compiler can 
accommodate different target environments, 
because: 

• The location of the stack is held in a 
special target set-up file (head_xx file) 
which can be changed to match your 
requirements 

• This target set-up file also allows general 
housekeeping tasks to be executed before 
program start-up 

• Simple inlerfacing to target operating 
systems and low-level I/O and system 
routines 

• Code and data segments can be placed 
anywhere in the 64kbyle data and address 
space of the 8051 processor 

• Efficient calls to library routines can be in 
PUM or assembler (in-line) 

• A user-written inlerrupt handler can be 
made by specifying $NOINlVECTOR 

• The generated code is ROMable. 

Restrictions 
The PUM-51 compiler has a few restrictions 
lisled here for completeness: 

• Nesting of aliliTERALL Y invocations: 8 

• Nesting of INCLUDE controls: 8 

• Nesting of blocks: 32 

• Number of elements in a factored list: no 
limit 

• Number of characters in an input line: 160 

• Number of switch names (conditional 
compilation): 20 

• length of a string constant: 254 

• Number of cases in a DO CASE block: 84 

• Number of EXTERNAL items: no limit 

• Number of non-EXTERNAL procedures in 
module: no limit 

• Number of names in a module: memory 
dependent 
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UTILITY PACKAGE 
Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp), an Intel MPL compatible 
preprocessor (mpl)-both part of the 8051 
Cross-Assembler-to deal with the various 
preprocessor directives and macros. 
Pagination and pattern search commands 'pr' 
and 'grep' come with the PUM-51 compiler 
package. 

In many cases, the format of the produced 
object code is not suitable for 
EPROM-programmers, emulators or 
debuggers. Therefore, several utilities are 
included (in the 8051 cross-assembler) to 
convert the code to Intel HEX (ocUh~), 
Motorola 80-$9 (OCLSrec) or IEEE-ll9S 
(oct_ieee) or vice-versa (ocUhex, oct-srec) 
or to archive object modules (aar). 

OPTIONAL SOFTWARE 
An optional utility package is available 
separalely from BSOfTasking Software B.V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols in a program ('axref' and 'anm'). Part 
of this package is the 'asize' utility to get 
information about the section sizes, 'asort' to 
sort or merge files, 'astrip' to remove symbols 
and relocation information, 'adump' to display 
the conlents of an object file. 

Also available is an IEEE floating-point library 
for the 8051 family. 

HARDWARE/SOFTWARE 
REQUIREMENTS AND 
INSTALLATION 
OM4144 software comes to you on 51'4" 

diskettes (31'2" diskettes are available on 
request) together with the exlensive PUM-51 
Application Manual. 

The software requires an MS-DOS (ReI. 3.0 
or higher) computer with a hard disk and at 
least 512kbyte RAM installed. Software 
installation is simple, well-documented and 
can be verified afterwards using an automatic 
verification program. 



Phinps Semiconductors 8OC51-Based 8-Bit Microcontrollers 

PUM-51 compiler package 
for 80C51 /8051-based systems 

RELATED PRODUCTS 
The 0M4144 compilers are part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers, a package which indudes a 
cross-assembier and (optimizing) linker. 
Testing and debugging can be accelerated 
using the high-leve//assembly-Ievel XRAY-51 
debugger in combination with Philips' 50S 
8051 emulator, or the 8051 Simulator 
(available from Tasking software B.V.). 
Contact your local Philips Semiconductors 
sales office for more information. 

Ask for the following leaflets: 

Symbolic debugging package XRAY 51 for the 
SDS 8051 emulator, ordering code 
9398 366 10011 : 

Cross-assembler package for 
8OC511B051-based systems, ordering code 
9398 366 30011 : 

ORDERING INFORMATION 

TYPE NUMBER 

Stand-alone debug station for 
8OC51/8051-basedsystems, ordering code 
939836600011. 

More information about the PLJM-51 
Language can be found in the PUM-51 
User's Guide, available from Intel (ordering 
code: 121966-003). 

SOFTWARE MAINTENANCE AND 
SUPPORT 
After a 9O-clay warranty period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 

DESCRIPnON 

OM4144 PLJM-51 compiler package comprising the PLM1l1 compiler 

Relaled Products 

OM4142 8051 cross-assembler package comprising the ASM51 assembler, and 
UNK51 linker 

OM4129 XRAY51 high-level language debugger for the SOS 8051 
.. 

Orders can be placed VIa your local Philips Semiconductors sales representative. 

Intel is a trademark of Intel Corporation. 
MS-DOS and XENIX are lrademarks of Microsoft Corporation. 
XRAY is a 1rademark of Microtec Research Inc. 
UNIX is a 1rademark of AT&T Bell Laboratories. 
VAX, microVAX, VMS and Ultrix are lrademarks of Digital Equipment Corp. 
HP9000 and HP-UX are lrademarks of Hewlett Packard Co. 
SUN-3 and SunOS are lrademarks of Sun Microsystems Inc. 
IBM PC is a lrademark of International Business Machines Corp. 
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Stand-alone debug station 
for SOC51/S051-based systems 

THREE CONFIGURATIONS TO 
SUIT YOUR 8051 PROJECTS 
For efficient, accurate software and hardware 
development and integration, there is no 
substitute for fully transparent, real-time 
emulation. But development must be 
cost-effective, and the key to that is to have 
one emulation unit which can fit exacdy into 
allyourde~opmentp~ectsirrespectiveof 
their scope and stage of de~opment 

If you are developing with the 8051 family, 
such a unit is the 50S 8051.' Three 
configurations suit all your projects without 
requiring modifications or extras: 

Stand-Alone Operation 
A VOU Terminal is all that is needed to 
integrate and debug with the SOS 8051. And 
because you can do basic emulation without 
putting demands on computer resources, the 
smallest user as well as the big development 
team can take advantage of the SOS 8051. 

Connection to a Host Computer 
Most development tasks will, however, need 
the power of a host computer or 
Microcomputer Development System, and 
Philips' SOS (Stand-alone Debugging 
Station) can work with both. The process of 
writing the software and designing the 
hardware can be done on the computer, with 
an SOS used to debug and integrate the 
software with the hardware. SOS 8051 
supports a wide range of hosts. It has its own 
in-line assembler in firmware, but you may 
also use the separate MS-OOS 
cross-assembler. 

Connection to a PC 
The SOS 8051 operates with an IBM PC or 
XT, or compatible, e.g., Philips P3100 series, 
so you can use it in your usual work 
environment. The SOS can be operated from 
a PC using readily available terminal 
emulation software, or the XRAy™51 
symbolic debugging package, the latter 
allowing you to use your own source labels 
on screen in SOS displays and commands, 
and having a DOS toggle switch. 

IIaer largot 

SOSS051 

If you work in a development team, shared 
access to files and programs is of course 
essential to maximize productivity. Programs 
can be downloaded from any host computer 
to the SOS memory, using a PC or terminal 
as a workstation to operate the SOS. 

FEATURES 
• Real-time, fully transparent emulation 

• Works stand-alone from a VOU terminal, 
PC or other computer 

• Full hardware emulation using a dedicated 
probe-operates according to the exact 
specifications of the target microcontroller, 
including maximum speed 

• Interfacing signals to external equipment 

• Full assembly-level debugging and HLL 
debugging 

• Single-step and breakpoint facilities 

• Large trace memory with hardware 
qualifiers 

Connection to a Host Computer or PC, and Terminal 
Connection to a PC with Terminal Emulation Software or 

XRAY51 Symbolic Debug Software 

·SOS 8051: Generic name for Philips Stand-alone Debugging Station for the 8051 family of microcontrollers; for type numbers, see Ordering 
Information. The 8051 family includes the 8OC51131, 87C51 , 80CL51, 8XC0531054/451/528/550/55215621592165216541751 17521851 , the 
8XCL41 0171 0 and the 8051/31152132. Debugging stations are also available for Philips 8400 microcontroller family and the 501015011 digital 
signal processors. 
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Stand-alone debug station 
for BOCS1/BOS1-based systems 

UNEQUALLED EMULATION 
SDS 8051 provides complete, high-quality 
emulation for development wilh the 8051 
family of microcontrollers. Standard features 
include: 

Fully Transparent Real-Time 
Emulation 
You can develop on Ihe 50S 8051 wilh !he 
chip running in real time-oo stretched clock 
cycles or wait states to disrupt system timing 
in Ihe prototype. And emulation is fully 
transparent-since no resources from Ihe 
8051 memory, I/O or interrupt space are used 
for monitoring emulation, all are available to 
the target and user program. 

In-Circuit Emulation or 
Simulation 
The 50S 8051 is versatile-you can tailor 
operation to suit Ihe state of the prototype. If 
no prototype hardware is available, Ihe 50S 
may be used for simulation, so Ihe software 
can still be tested. The emulation mode runs 
!he program in Ihe prototype so far as it has 
been developed, with resources transferred in 
stages to Ihe prototype. Hardware, software 
and Iheir integration are fully tested. 

Full Real-Time Hardware 
Emulation and Breakpoint Setting 
The SOS 8051 has an 8OC51 (or derivative) 
bond-out chip in the emulation probe. This, 
and only this, can ensure Ihat hardware 
emulation is truly real-time, and it also allows 
you to set hardware breakpoints. These can 
be set on any combination of addresses, 
register values or branch instructions, 

TYPICAL EMULATION PROBE 
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allowing you to investigate program flow in 
detail and to debug very quickly. When a 
breakpoint condition is met, Ihe entire CPU is 
frozen and, besides Ihe full interrupt status, 
the status of all timers (frozen by a special 
bond-outchip feature) is displayed. 

Alterable Memory and Processor 
Registers 
For really quick fault-finding, Ihe 50S allows 
you to alter, and to display, memory and CPU 
register values as required, allowing parts of 
the program to be repeatedly tested using 
convenient values. 

In addition, the 50S has an emulator-resident 
in-line assembler which is particularly useful 
when changing your program-Ihere being 
no need for repeated up-loading and 
down-loading. 

Disassembly 
Of course, there is no need to remember 
binary code references when developing 
software with !he 50S 8051-instructions are 
entered in assembly language. In addition, 
on-board memory can be disassembled into 
the Originally programmed instruction 
mnemonics. 

Trace Memory 
50S 8051 has a 2048-line trace memory for 
quick checking of the program flow. The 
display shows !he address, opcode/operand, 
disassembly, instruction status (such as RO 
OPC, WR) and !he contents of 
microcontroller ports and/or eight user test 
clips. 

1179 

SOS B051 

Hardware Qualifier Bits 

The trace memory has qualifier bits for 
selecting Ihe information to be captured in the 
trace memory. These bits enable cycles to be 
selected, for example, capture only on 
fetches from emulation memory, or on 
interrupt acknowledge cycles. Selecting the 
information before capture overcomes the 
drawback of software qualifiers which select 
the information afterwards, relying on luck for 
it to be in the trace memory! 

Debugger Commands 

The microprocessor development command 
language employed by Ihe SDS 8051 has 
been designed for ease of use. Commands 
form a subset of, and are similar to, the 
widely used ICETM language. 

When !he XRAY51 symbolic debugging 
package is used, the commands are the 
XRAY commands. These and the SOS 
commands are listed below (at the end of this 
description). 

Software Packages 

The XRAY51 high-level debugger, and 
cross-assemblers and cross-compilers for the 
SOS 8051 are described on the next page. 
Each package supports most 8051-derived 
microcontrollers including !he 8OC51 , 
83C053, 83C054, 8OC451 , 80C528, 8OC550, 
8OC552, 80C562, 8OC592, 80C652, 80C654, 
83C751,83C752,80C851,80C852,and 
8XCL410mO. 
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Stand-alone debug station 
for BOC51/B051-based systems 

SYMBOLIC DEBUGGING 
PACKAGE (XRAY51) 
The XAAY51 debugger helps to locate 
programming errors in the source code of 
C,PUM or assembly language programs for 
the 8051 family. With XAAY51 , the user can 
isolate these errors by controlling and 
monitoring program execution using the same 
high-level or assembly level terms, definitions 
and structures found in the original source 
program. For example, the user can 
single-step through the program a specified 
number of microcontroller instructions or 
high-level language lines. Variables can be 
accessed with respect to the source 
language in which they had been defined. 
Operating XAAY51 in Assembly mode, the 
user can manipulate the contents of all 
processor registers. Only those registers that 
are part of the selected 8051 derivative are 
allowed to be accessed. 

Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 

When debugging with XAAY51, the user can 
examine the contents and modify the value of 

HIGH-LEVEL XRAY51 SCREEN 

Code Viewport 
(display. so .. c:e program In 

high-level mode or 
aoaembIy-level mode) 

Co""""",, Viewport 
(displays debugger commondtl 

entered from the llayboord) 
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any variable. compute the value of C,PUM 
source language expressions and assembly 
level address expressions, and define, 
remove, or display symbols. 

Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor input/output from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without the need of 
user interaction. 

XAAY51 also allows a virtually unlimited 
number of user-defined windows. 

A simulator version of XRAY51 having the 
same features as the emulator is available. 

Features 
• Integrated C,PUM-51 source-language and 

assembly-language debugging; toggle by 
function key at any time 

• Window-oriented display with well
organized segregation of debugging 
information 

Data viewport 
(diaplaya the monitored 
variable expreulone) 
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• Symbolic debugging with C.PUM-51 
variables and C,PLM-51 statements 

• Simple and complex breakpoints 

• Single-step execution 

• User-definable screens and 
viewports--ability to write selected 
information 

• Command macros 

• Breakpoint macros (limited to the number 
of breakpoints of the SOS 8051) 

• Command and breakpoint macros may 
contain C statements, including: FOR, 
WHILE 00. PRINTF, and FPRINTF 

• On-line context-sensitive help 

• Command files 

• Output logging 

• Fully supports SOS 8051 with the latest 
firmware version 

• High-level trace 

• Transparent ICE mode for direct control of 
SOS8051 

Trace Viewport 
(diaploya tile proc:oclure 
alOng chain) 
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Stand-alone debug station 
for 80C51 /8051-based systems 

CROSS-ASSEMBLER 
The ASM51 cross-assembler' is available for 
translating 8051 assembly language 
programs into relocatable object code: 

It accepts I ntel-compatible assembler 
source programs and produces relocatable 

'-.OBJ' object files. An absolute or 
executable 'A.OUT' load-image is obtained 
using the LlNK51 linker. 

The assembler is a powerful development 
tool with many directives, so a source file is 
easily composed, and translation to code is 
fast. 

The assembler directives support features 
such as the inclusion of ASCII strings, 
checking module length, forcing a start 
address, allocating bytes to labels used in 
current or other modules and module 
definition. 

A very powerful feature is the 
macroprocessor which includes tools such as 
macro-substitution, file inclusion and 
conditional assembly. 

ASM51 Features 
• Produce relocatable object code, listing 

files and diagnostic messages 

• Accept Intel-compatible source programs 

• Compatible with Tasking's PUM-51 
compilers 

• Conversion to IEEE object code format 

• Compatible with XRAY51 
High-LeveIiAssembly-Level Debugger 

• Include many utilities such as, Librarian, 
Cross-reference generator, object 
code-convertors 

• Support segment overlay at the Assembly 
level 

• C and MPL (Macro Programming 
Language) compatible macro 
preprocessors included 

• Separate linking phase 

CROSS-COMPILERS 
Two cross-compilers' are available for 
elficien~y translating programs written in the 
PUM-51 language into 8051 Assembly: 

• PLM51: generates Intel-compatible source, 
which can be assembled and linked using 
the ASM51 and LlNKSl programs. 

• C-51: generates Intel-compatible 
assembly source, which can be assembled 
and linked using ASMSI and LlNK51. 

Both compilers are always supplied together, 
allowing you to choose the one that suits your 
requirements best. 

PLM51 Features 
• Fast, single-pass, memory-based 

compilers that are fully compatible with the 
Intel PUM-Sl language definition 

• Fully compatible with ASM51/LlNK51 

• Produce highly optimized code 

• Support the XRAY51 high-level debugger 

• Support in-line assembly code 

• Optional IEEE single-precision floating 
point package 

• Include several utility programs: pr, grep, 
aar, cpp, scUS1, ocC051, ocUhex, 
ocUeee, ocCsrec, ocUhex, ocCsrec, 
makelib and pack 

• Utility library included in source code 

• Combiner performs optimization at load-file 
level 

• Easy tailoring to application and target 
hardware 

• Produce relocatable code and data 

• Supportoptimize(4): intermodule overlay 
optimization 

• Support 15 interrupts 

• Automatic installation with self-test 

• Available for many hosts besides the IBM 
PC (MS-DOS), for example: (micro-)VAX, 
(VMS, Ultrix), HP9000/300 (HP-UX), 
SUN-3 (Sun-OS); available from 
BSOlTasking Software B.V. 

• Sourced from BSOlTasking Software B. V. Amersfoort, The Netherlands 
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C-51 Features 
• Supports ANSI C with powerful 8051 

extensions: 

- bit-type to use the on-chip bit 
addressable area 

- intsrrupt <number> and using 
<registerbank> for interrupt servicing at 
C-Ievel 

• Generates Intel--compatible Assembly 
source 

• Supports HLL-debuggerXRAY51 (in 
combination with ASM51) 

• Supports all members of the 8051 family 

• Produces very efficient and reliable code 

• Code is ROMable 

• Easy migration from BSOlTasking PUM-51 
to BSOlTasking C-51 through mixed 
language programming 

• Supports 4 memory models to best meet 
application requirements 

• Separate compilation of program modules 

• Embodies integral standard preprocessor 

• Is one-pass, fast and compact (no 
intermediate code or files) 

• 3-layer design simplifies maintenance 

• Complete set of UNIX-like compiler options 

• Comes with C library and run-time support, 
including I/O calls (+ printfl, memory 
management, floating point math, and 
arithmetic functions 

• Available on many hosts: (micro)VAX (VMS 
or Ultrix), IBM PC (DOS, Xenix), IBM 6150, 
SUN-3/-4/-386i (SUN-OS), HP9000-300 
(HP-UX), Apollo (UNIX) 

• Generates re-€ntrant + relocatable code 
and relocatable data 

• Same calling sequence on all hosts 

• Same source and generated assembly 
code can be used on all hosts 

• Automatic installation and self test 

• Benchmarks and application notes are 
available on request. 
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XRAY51 AND SDS COMMANDS 

XRAY51 Commands 
XRAY51 uses a powerful command language 
that employs C language expressions. Note, 
all commands can be issued in an 
abbreviated form. 

Session Control Commands 
HOST Enter the host operating 

system environment 
LOAD Load an object module for 

debugging 
QUIT Terminate a debugging 

session 

Execution and Breakpoint Commands 
BREAK 
INSTRUCTION Set an instruction 

breakpoint 
CLEAR Clear a breakpoint 
GO Start or continue program 

execution 
GOSTEP Execute macro after each 

instruction step 
STEP Execute a specified 

number of instruction lines 
STEPOVER Step, but execute through 

procedures 

Display Commands 
DISASSEMBLE Display disassembled 

DUMP 
EXPAND 

FIND 
FOPEN 

FPRINTF 

LIST 
MONITOR 
NEXT 

memory (assembly mode) 
Display memory contents 
Display all local variables of 
a procedure 
Search for a string 
Open a file or device for 
writing 
Print formatted output to a 
viewport or file 
Display source code 
Monitor variables 
Find next occurrence of a 
string 

NOMONITOR Discontinue monitoring 

PRINTF 
variables 
Print formatted output to a 
command viewport 

PRINTVALUE Print the value of a variable 

Memory Commands 
COMPARE Compare two blocks of 

memory 
COpy Copy a memory block 
FILL Fill a memory block with 

values 
SEARCH Search a memory block for 

a value 
SETMEM Change the values of 

memory locations 
SETREG Change the contents of a 

register 
TEST Examine memory area for 

invalid values 

Port 110 and Interrupt Commands 
DIN Display input port buffer 

values 
DOUT Display output port buffer 

values 
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INPORT 
INTERRUPT 
NOINTERRUPT 
OUTPORT 

RIN 

ROUT 

Set or alter input port status 
Simulate an interrupt 
Cancel pending interrupts 
Set or alter output port 
status 
Rewind input file 
associated with input port 
Rewind output file 
associated with output port 

Symbol Commands 
ADD Create a symbol 
DELETE Delete a symbol from the 

symbol table 
PRINTSYMBOLSDisplay symbol, type, and 

address 
SCOPE Specify current module and 

procedure scope 

Utility Commands 
CEXPRESSION Calculate the value of an 

ERROR 

HELP 
INCLUDE 

JOURNAL 

LOG 

MODE 

OPTION 

PAUSE 
RESET 

RESTART 

STARTUP 

expression 
Set include-file error 
handling 
Display on-line help screen 
Read in and process a 
command file 
Record a debugger session 
ina file 
Record debugger 
commands and errors in a 
file 
Select debugger mode 
(high or assembly) 
Set debugger options for 
this session 
Pause simulation 
Simulate microprocessor 
reset 
Restart program counter to 
the program starting 
address 
Save the default startup 
options 

Macro Commands 
DEFINE Create a macro 
SHOW Display the macro source 

Viewport Commands 
VACTIVE Activate a viewport 
VCLEAR Clear data from a viewport 
VCLOSE Remove a user-defined 

viewport or screen 
VMACRO Attach a macro to a 

viewport 
VOPEN Create a screen or viewport 

or change sizes 
VSCREEN Activate a screen 
VSETC Set the cursor position for a 

viewport 
ZOOM Increase or decrease the 

size of a viewport 

Function Key Commands 
VACTIVE-l Activate the next viewport 

(counterclockwise) 
VACTIVE+ 1 Activate the next viewport 

(clockwise) 
MODE Change debugging mode 

(assemblylhigh) 

1182 

ZOOM 

HELP 
VSCREEN 
BACK UP 
STEP 

STEP OVER 

SOS 8051 

Increase or decrease the 
size of a viewport 
Access on-line help 
Change the active screen 
Back up one command 
Execute one machine 
instruction or source line 
Step, but execute through 
procedures 

In-Circuit Emulator Commands 
ICE Communicate with in-circuit 

emulator (ICE) 
NOICE Retum to debugger 

command mode 

50S Commands 

Power-Up Commands 
RESET Back to initialization 

Program Execution Commands 
BRn Break at given address 

BRR 

BRB 
BV 

GO 
(FROM, TILL) 
STEP (FROM) 

UD 

TRACE 

INT 

(n = 0, I, 2, 3) 
Break within given address 
range 
Break at branch instruction 
Break on internal RAM 
value 
Initiates program execution 
(specified addresses) 
Executes single instruction 
or instructions (from a 
specified address) 
User-defined memory 
address on display 
Display executed 
instruction flow (real time) 
Display interrupt enable, 
priority and status of all 
interrupt sources 

Memory Access Commands 
DBYTE Displays specified byte 

from internal data memory 
XBYTE Displays specified byte 

from external data memory 
CBYTE Displays specified byte 

from code memory 
RBYTE Displays specified byte 

from on-<:hip register 
memory 

RBIT Displays specified bit from 
on-<:hip bit-addressable 
memory 

ASM Assemble single instruction 
mnemonic into program 
memory 

DASM Disassemble memory 
values into mnemonics 

Memory Set Commands 
All registers can be set and displayed by 
commands equal to their names (pSW, 
SCON, P3, TH1, TL1, TLO, etc.) 

Serial 110 Interface Commands 
SAVE Copies data from SDS 

8051 program memory to 
host disk file 

LOAD Transfers file from host to 
SDS 8051 
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SDS 8051 SPECIFICATION ORDERING INFORMATION1 lor 8XC5521562: OM1092+ 

RS232C - Two ports All of the 8051 development Iools listed (PLCC interface) OM1095 

- Baud rate selectable below are available lrom your local Philips Ior8XCE558 OM4271+ 
from 300 to 19200 baud Semiconductors sales office. The symbolic (No OFP-SO adapter) OM4110 

- Download file lormat: debugging package, cross-assembler and 
for8XC592: Intel HEX compiler are sourced from Tasking Soltware OM4112+ 

- Recognize Xon/Xoff B.V., Amersfoort, The Netherlands, which (PLCC interface) OM4110 

Trace memory - 2048 lines deep, 64 bits holds all intellectual property rights lor these for8XCE598 OM4114+ 
wide products. (No OFP-SO adapter) OM4110 

- InternaVexternal code Stand-alone debug station OM412OS lor 8XC6521654: OM1092+ 
memory fetches; data (excluding probe) lor the 8051 family (OIUPLCC interface) OM1096 
from all ports, lables, 
user test clips Symbolic debugging for8XC751: 

- Selective tracing on package XRAY51 OM4129 (OIUPLCC interface) OM1094 

cycle type SOS-Window debugger OM10B9 
for8XC752: 

Emulation memory - 64 kbytes Cross-assembler for illS-DOS OM4142 (OIL interface) OMS072 
- No wait states (Tasking) 

Clock speed - Up to 20M Hz, real time for8XC851: 

Power down - Supports power-down 
Cross-assembler for MS-DOS OM1024 (OIUPLCC interface) OM1092 

and idle mode 
(2500) 

forB3C852: OM4119 
Signals to - Output from SOS: 

PUM-51 compiler for MS-DOS OM4144 

external equipment ALE: indicates valid C-51 compiler OM4136 Adapters:" 

address 
IorBXC451: 

Emulation probes4 : 68-pin PLCC probe to 
CLK: indicates opcode for B0321S0521BOC32180C52": OM4111+ 64-pin OIL socket OM4124 
read (OIUPLCC interface) OM4110 
PSENE: indicates byte for BOC51 : 
read for80C51/SOC31/8051/B031 : OM1092+ 40-pin OIL probe to 
EMUL: indicates run- (OIUPLCC interface) OM1097 44-pin PLCC socket OM4125 
ning user program forBOCL51: OM1079 for SOC51 OIL 40 types: 

- Input 10 SOS: (OIL interface) OIL-40 socketto OFP-44 footprint: OM4117 
EXTBRK: stop 

for 8XC053/054: OMS054 emulation by external lor 8XC5521562 

pulse (SOIP interface) PLCC-64 socket to 

Size - 300 x 66 x 235 mm for8XCL4101411: OFP--80 footprint: OM4116 

(WxHxO) (OIL interface) OM1079 for 8XCE598/558 
Weight - 5 kg (approx.) for 8XCL7Bl/782152: OMS012+ OFP-SO footprint: OM4115 
Power supply - 11 0I22OV AC, 50160 Hz (OIL interface) OM1079 for 83C852: Cables - Mains cable; 

RS2321V24 cable for con- for 8XCL580: OMS004+ con tactless card reader 

nection to an IBM PC/XT OM1079 adapter OM411811 
ISO contact card reader 

for 83CL 168/167/2681267: OM4840+ adapter OM411812 
(SDK 64 interface) OM1079 AFNOR contact and reader 

for8XC451: adapter OM411813 
(PLCC interface) OM4123 Conversion kits: 

for 8XC528/524: OM4111+ for converting the OM 1 092 to an: 
(OIUPLCC interface) OM4110 8XC5521562 probe OM 1095 

for8XC5SO: OMS055+ 
8XC6521654 probe OM 1096 

(OIUPLCC interface) OM4110 
SOC31/BOC51 probe OM1097 
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SOS 8051 

NOTES: 
1. A minimum SDS configuration must include an OM4120S and an emulation probe. A minimum PC configuration must include 256 kbytes 

system memory running MS-DOS 3.0 (or later releases), one floppy disk drive and a monochrome monitor. However, we recommend using 
an IBM PC/XT (or compatible) with 640 kbytes RAM, hard disk drive, floppy disk drive and a color monitor. The SDS software can be 
supplied on 31/2" or 51/ .. diskettes. Conversion kits require the OM1092. 

2. Support for QFPs will be available in the near future. 
3. Minor restrictions. 
4. All probes 16MHz, except OM4123 (12MHz) and OM4119 (6MHz) 

ICE is a trademark of Intel Corporation. 
XRAY is a trademark of Microtec Research Inc. 
MS-DOS is a trademark of Microsoft Corporation. 
VAX is a trademark of Digital Equipment Corporation. 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontrollers 

Package outlines 

S0T136A 28-PIN PLASTIC so (SMALL OUTLINE) DUAL IN-LINE (OfT) PACKAGE 

1_-----'8.' -------<~ 17.7 

5 

Dimensions in mm 

SOT136A 

0.45 
0.35 

+ 
+ 2.45 

2.25 

+ 

top view 

2.0 
max 

1193 

t 
2.65 
2.35 

~ 

----- :J~------, 
.--___ 7.6 ____ I 

7.4 

$ Positional accuracy. 

@ Maximum Material Condition. 
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--..I I-- 0.070 (1.78) 
I I 0.050 (1.27) 

2.087 (53.01) .1 
2.038 (51.77) 

NOTES: 
1. Controlling dimension: Inches. Millimeters are 

shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14. 5M-1982. 

3. 'T", '0", and 'E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin " and continue 
counterclockwise to Pin '40 when viewed 
from the top. 

S. Denotes window location for EPROM products. 

~ 0.225 (5.72) MAX. ~' 
0.175 (4.45) 
Q.'i45(3.68) 

SEATING PLANE 0.185 (4.19) 
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-.j I-- 0.054(1.63) 
I I 0.045 (1.14) 

NOTES: 
1. 

1 2. 

3. 

4. 

5. 

6. 

Controlling dimension: Inches. Metric are shown in 
parentheses. 

Package dimensions conform to JEDEC Specification 
MS~11-AC lor standard Dual In-Line Jlackage 0.600 inch 
row spacing (plastic) 40 leads (Issue B, 7185). 

Dimension and tolerancing per ANSI Y14, 5M - 1982. 

'T', °0', and 'E' are reference datums on the molded body and 
do not include mold flash or Ilrotrusions. Mold flash or 
protrusions shall not exceed 0.010 inch (0.25mm) on any side. 

These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

Pin numbers start with Pin 111 and continue counlBrcIockwise to 
Pin #40 when viewed from the top. 
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Philips Semiconductrs 80C51-8ased 8-Bit Microcontrollers 

Package outlines 

S0T129 4O-PIN PLASTIC DUAL IN-LINE (PIN) PACKAGE 

! 1 
~ ~ = .. _ .... . ld~ 

1.'50 - -_.. _-=fG.7lI11 

ij:"i.. ..;,j,C =;,,1:"'-"-
),.1)5 , • 
L_ ~ 

. I. 

SOT 129 

.-~ 
17.1S 
1S,W 

-_I I 
.1 " ..... 

1196 

(1) Centre-lines of all leads are within 
±O.127 mm of the nominal 
position shown; in the worst 
case, the spacing between any 
two leads may deviate from 
nominal by ±O.254 mm. 

(2) lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Index may be horizontal as 
shown, or verlical 

(4) Dimensions in mm. 

7Z70128.5 



Philips Semiconductrs 8OC51-Based 8-Bit Microcontrollers 

Package outlines 

SOT158A 4O-PIN PLASTIC VSO (VERY SMALL OUTLINE) DUAL IN-LINE (OfT) PACKAGE 

I" 15,5 max "I. + P_.J _ 2,45 2.7 
max max 

i -0,42 'I'I--t • 
1:~f O,3:~ 1:j$lo,1 ®I 0.l!J.1 0,14 

. 
10,7621 

1ZU425 

top view 

-t -.-: 
4 2,0 1 

~ m~x I 

$ Positional accuracy, 

@ Maximum Material Condition, 

1 _____ 16,0 max ----.' 

Dimensions in mm 

SOT 158A 7196425 

1197 
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! • 1.535 (39.00) • 
. 1.512(38.40) I 

(SEE NOTE 3) 

~'200 (5.08) MAX 

0.126(3.20) 
0.114 (2.90) 

NOTES 
1. Controlling dimension: inches. Metric dimensions are shown in 

parentheses. 
2. Package dimensions conform to Philips envelope SOT-270. 

& Molded body length and width do not include mold flash or 
protrusions. Mold flash or protrusions shall not exceed 
0.010 inch (Q.25mm) per side. ill These dimensions measured with the leads constrained to be 
perpendicular to seating plane. 

5. Pin numbers start with Pin #1 and continues counterclockwise 
to Pin #42 when viewed from the top. 

& 
0.822(15.80) ~ 
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(SEE NOTE 4) 
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_ 0.695(17.65) 1+10.007 (0.18) S AS F-G S 
0.685 (17040) 

f-[0.5OO (12.70ll--&. 10 (Q.251 MAX. R "- 1+10.007(0.18)5 B 5 D-€ 5 
3 PLACES -1 !-"ill 

!!, 

<E> i' 
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~ ··'i' 

I 
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-.J 0.695 (17.65) 

~ 
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! cz 
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1+10.007(0.18) S 
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~ &. 
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0.002 IN liN A 

i=!=.J& 
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PLANE --If.- 0.013(0.33)'-. 

0.&30(16.00) ~"$"l0.D15 (0.38)®1 F-G®I 
0.590(14.99) 0.045 (1.14) R 

0.025 (0.64) 

44 PLACES 

NOTES 
1. Package dimensions conlonn to JEDEC Specilication M0-047-AC 

lor Plastic Leadad Chip Carrier 44 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and 10lerancing per ANSI Y14.SM-1982. 
&. Datum plane "-H-" located at the top of mold parting line and coincident 

with top 01 lead, where lead exits plastic body. 
& Location to datum '-A-" and '-8-' to be detennined at plane "-H-". These 

datums do not include mold nash. Mold nash protrusion shall not 
exceed 0.010" (0.2Smm) on any side. 

£ Datum "D-E" and "F-G" are detennined where these center leads 
exit from the body at plane '-H-". 

7. Pin numbers continue counterclockwise to Pin 44 (top view). 
8. Signetics order code lor product packaged in a PLCC is the suffix 

"A" alter the product number. 
bJ.. Applicable to packages with pedestal only. 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontrollers 

Package outlines 

S0T187 44-PIN PLASTIC LEADED CHIP CARRIER; POCKET VERSION PACKAGE 

pEmax~t7, 
0,55 
0,75 

dl 
1 ____ 22mQX~ 

Dimensions in mm 

top view 

1200 

r-----1Z,Smax---·t 

$ PoJitionalaccuracy. 

® Maximum Material Condition. 
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40 
NOTES: 
1, Controlling Dimensions: Inches 

Millimeters are shown in parentheses, 

2, Dimension and tolerancing per ANSI 
Y14,5M-1982 

& When a window lid is used, the overall 
package thickness must increase by 
a minimum of ,010 inch (0,254mm) 
and a maximum of ,040 inch (1 ,020mm), 
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~ ..., 

rr 17.65 (0.695) 
17.40 (0.685) 

16.00 (0.630 -
d . 16.89 (0.665) 

1.02 (0.040) X 45" I-- ~ 
CHAMFER--l.i I ~ 

45 

4.83 (0.190) 
3.94 (0.155) 

------. 
SEATING 
PLANE 

SEE DETAILB 

3 X 0.63 (0.025) R MIN. 

16.69 (0.665) 
16.00 (0.630) U& 

SEE DETAil A 

3.05 (0.120) 
2.29 (0.090) 

4.83(0.190) I - L SEATING 
3.94 (0.155) ---t-----i - PLANE 

0.73. 0.08 (0.029. 0.003) 

45"1YP. 
1.52 (0.060) REF. 

f-! 
4 PLACES 

1.02.0.25 (0.040 .. 0.010) 

SEATING~ I---- 0.482 (0.019.0.002) 

PLANE 
DETAIL A 

TYP. ALL SIDES 
mmf(lnch) 

NOTES: 
I. All dimensions and tolerances to conform 

toANSI YI4.5-1982. 

~ UV window is optional. 

&. Dimensions do not include Rlass protrusion. 
Glass protrusion to be 0.00 inches maximum 
on each side. 

4. Controlling dimension millimeters. 

5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 

.& Backside solder relief is optional and 
dimensions are for reference only. 
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to 

® 
PIN 1 MARK 

(NOTE 3) 

10.00 ±O.20 
(0.394 ±0.006) sa. 

I ~ 

0.80 X 10. 6.00 ±0.05 

0.80 ±O.tO 

--j3o---l. (0.031 "'.(04) (40X) 

0.35 ±0.10 ---.Ir0.014 ±0.(04) (44X) 
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2.00 ±0.2O ---_. 
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(0.004 ±0.004) 

SEE DETAIL 'A" j 
Oil 0'.7' 

NOTES: 
1. Package dimensions conform to MEC specification. 

2. Controlling dimensions are in mm. Oimensions in parentheses 
are in inches. 

3. Pin numbers start with Pin # 1 and continue counterclockwise to 
to Pin #44 when viewed from top. 

® & Molded identation maybe replaced by other unique feature within 
this zone to indicate Pin #1 location. 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontroliers 

Package outlines 

SOT205 44·PIN PLASTIC QUAD FLAT PACK PACKAGE 

I' lS.emu L 
~EiQJi~ • T 

seatk1g plane a 0.20 S [!] 

11 

12 

'------1~~ -------l 

19.2 
18.2 

1.2 r 
2.3 0.9 
2.1 0.25 ::'\t 2.60 

~~i===~_~~~~ 2i
5 

[~ 01070 

Dimensions in mm 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontrollers 

Package outlines 

SOT311 44-PIN SQUARE PLASTIC QUAD FLAT PACK (8) PACKAGE 

9.9 _ 10.1 JE1 

~
----., 

: I 
11.1- 125 ----. 

1205 



Philips Semiconductrs BOC51-Based B-Bit Microcontrollers 

Package outlines 

S0T190 56-PIN PLASTIC VOS (VERY SMALL OUTLINE) DUAL IN-LINE (D/T) PACKAGE 

450 

)0-, 
1 44 

1.0 7 .!....~ _--h~.LLJ~L.LL...LI;t~.L...LIc....u.. ........... "--'.l 
l 4.S7maxF 

I+ln18<ll 1 -:::l 
39 

I 
--@-i---- 16.0 

14.99 

-t - t 
0.53 ~:::::::Ij--l--'- 0.81 
0.33 t max 

I 

~;: "II 
-0----0 16_66 max ---•• ,1 

.. ---- 017.65 max --------<~I 

3.04max 

seating plane 

$ Positional accuracy_ 

@ Maximum Material Condition. JL 
0.51 min 

Dimensions in mm 

S0T187AA. AGA 7Z25134.1 

1206 
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cl. ---------- 3.205(81.41) tE::J ' 

--t I-- 0.065 (1.65) 
I I 0.045(1.14) 

NOTES: 

1. Controlling dimension: Inches. Metric are 
shown in parentheses. 

2. Dimensions and tolerancing per 
ANSI Y14, 5M-1982. 

3. 'T', 'D", and 'E" are reference datums on 
the molded body and do not include mold 
Hash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (25mm) on any side. 

& These dimensions measured with the leads 
constrained to be perpendicular to plane 'T". 

5. Pin numbers start with Pin ,I, and continue 
counterclockwise to Pin 1164 when viewed 
from the top. 

&:. 
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Philips Semiconductrs 80C51-Based 8-Bit Microc:ontrollers 

Package outlines 

SOT319 64·PIN PLASTIC QUAD FLAT PACK PACKAGE 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontrollers 

Package outlines 

N0330 68·PIN CERAMIC LEADED CHIP CARRIER PACKAGE (WITH WINDOW) 

[!EJ 0.48 

(64.) 

Pin168~.(f\. 
i~x CD 

/'-... 
450 9 

t " T-iilllli.Hll-il1lHJf-llI-,lHJHJ-lliilliHt-Li------' 
O.51_II~o , __ -__ 9.98 __ 26 

Dimensions in mm 

.- 17.27----.-1~ 

I. 24.43 • I -A 
23.83 ~ 

1209 

r-
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3.75 
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25.45 
24.85 

MBC655 
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0.985 (25.021 

~ o.sOO (20.321 B&1 
0(0.251 MAX. R "" 
3 PLACES --1~~~ .. 

0.0 

[ t' 

;8 (24.3:11 
;0 (24.131 

PIN·t ~ 
~ 

£ 

~ 

! JL ~~£ 0.048 (1.22) 
0.042(1.07) X45" [ 0.050 {1.27) [4 SIDES 

0.959 (24.33) 
0.950 (24.13) 

R- 0.007 (0.181 5 BSD.-ES 
-L 0.002 IN liN B 
~. & 

0.045 (1.141 
0.025 (0.641 R 

68 PLACES 

1+10.007 (0.1815 A 5 F-G 5 

1+10.007(0.1815 B 5 D-E S 

E 0.995
1

(25.271 

~ 0.985 (25.021 

~ 0.800 (20.321 

LJ 
~~ ~ -E-

~£ 
~ 

1+10.007 (0.191 5 As F-G S 
-L 0.002 IN liN A 

-B- & 

YlE~ (1.521 MIN. 

NOTES 

1. Package dimensions conform to JEDEC Specification MO·047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0.050 inch lead spacing, 
square. (lssueA, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.SM·1982. 
& Datum plane "·H·" located at the top of mold parting line and coincident 

with top of iead, where lead exits plastic body. 

& Location to datum "-A-" and "-6-" to be determined at plane '-H·". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.2Smm) on any side. 

& Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane '·H·". 

7. Pin numbers continue counterclockwise to Pin 68 (top view). 
8. Signetics order code for product packaged in a PLCC is the suffix 

'A" after the product number. 
&>. Applicable to packages with pedestal only. 

.61 Location of Pin #1 mark is optional. Mark on chamfered side is 
preferred. 
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Philips Semiconductrs BOC51-Based a-Bit Microcontrollers 

Package outlines 

SOT1SS 58-PIN PLASTIC LEADED CHIP CARRIER (PLCC); POCKET VERSION PACKAGE 

______ 25.27 _______ , 
25.02 

______ 24.33 _____ _ 

t~ 
T ~010101sl __ 11_ o.5dl-= @J . EEl max ~ 

1.22 
1.07 

Dimensions in mm 

(64 x) 

43 

~-----+-----/ , 

I 
I 

27 

10 26 , 
__ 0.51 (3x) 

max 

5.08 
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! 
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2.15 
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0.27 
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t 
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I 0.51 max 

+ 
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~ 

'" 

,------------------------------------------------------------------------------------------------------------------------.,. 

~ 
~ 
~ 
~ 

.025 (.64) X 45 0 

.015 (.38) 

.086(2.18) 

. 074 (1.88) 

9.10(23.11) 

I. .1 .810 (20.57) 
.790 (20.07 

.~! \'B~~) X45° 

(3 CORNERS) 

NOTES: 

1. Controlling Dimensions: Inches 
Millimeters are shown in parenthesis. 

2. Dimension and IOlerancing per ANSI 
Y14.5M-1982 

& When a window lid is used. the overall 
package thickness must increase by 
a minimum of .010 inch (0.2Smm) 
and a maximum of .040 inch (1.020mm) . 
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SEE DETAIL B 
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NOTES: 
1. All dimensions and tolerances to conform 

to ANSI YI4.5-1982. 

&. UV window is optional. 

& Dimensions do not include glass protrusion. 
Glass protrusion to be 0.005 inches maximum 
on each side. 

4. Controlling dimension millimeters. 

5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 

& Backside solder relief is optional and 
dimensions are for reference only. 
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Philips Semiconductrs 80C51-Based 8-Bit Microcontrollers 

Package outlines 

SOT219 SO-PIN PLASTIC QUAD FLAT PACK (8) PACKAGE 

1---------19.2m11. ---------"1 

1---------16.6mu--------, 

0.25'-
1114\ 

Dimensions in mm 

I 
I 
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--1-·-
I 

I 

1214 
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(17 Positional accuracy. 

@ Maximum Material Condition. 



Philips Semiconduclrs 80C51-Based 8-Bil Microconlroliers 

Package outlines 

SOT318 SO-PIN PLASTIC QUAD FLAT PACK (8) PACKAGE 
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Phlllp8 Semiconductors 80C51-Based 8-Blt Microcontrollers 

Data handbook system 

INTRODUCTION 
Our data handbook system comprises more than 65 books 
with subjects including electronic components, 
subassemblies and magnetic products. The handbooks are 
classified into seven series: 

INTEGRATED CIRCUITS; 

DISCRETE SEMICONDUCTORS; 

DISPLAY COMPONENTS; 

PASSIVE COMPONENTS; 

PROFESSIONAL COMPONENTS; 

MAGNETIC PRODUCTS; 

LIQUID CRYSTAL DISPLAYS. 

Data handbooks contain all pertinent data available at the 
time of publication and each is revised and reissued 
regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or a~erations made during the 
lifetime of a data handbook. 

Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 

For more information about data handbooks, catalogs and 
subscriptions, contact one of the organizations listed on the 
back cover of this handbook. Product specialists are at your 
service and inquiries are answered promptly. 

INTEGRATED CIRCUITS 

ICOl Radio, Audio and Associated Systems 
Bipolar, MOS 

IC02aJb Video and Associated Systems 
Bipolar, MOS 

IC03 

IC04 

IC05 

IC06 

IC07 

IC08 

IC09 

ICs for Telecom 
Subscriber Sets, Cordless, Mobile and Cellular 
Telephones, Radio Pagers 

HE4000B Logic Family 
CMOS 

Advanced Low-power Schottky (ALS) Logic 
Series 

High-speed CMOS; 74HC/HCTlHCU Logic Family 

Advanced CMOS Logic (ACL) 

1011 OOk ECL Logic/Memory/PLD 

TTL Logic Series 

1221 

Appendix A 

INTEGRATED CIRCUITS (continued) 

IC10 Memories 
MOS, TTL, ECL 

ICll Linear Products 

IC12 12C-bus-compatible ICs 

IC13 Programmable Logic Devices 

IC14 8048-Based 8-Bit Microcontrollers 

IC15 FAST TTL Logic Series 

IC15 supplement: Additional FAST Data 

IC16 CMOS Integrated Circuits for Clocks and Watches 

IC17 ICs for Telecom 
ISDN 

IC18 Microprocessors and Peripherals 

IC19 

IC20 

IC23 

Data Communication Products 

80C51-Based 8-Bit Microcontrollers 

Advanced BiCMOS Interface Logic 

DISCRETE SEMICONDUCTORS 

SCOl Diodes 

SC02 Power Diodes 

SC03 Thyristors and Triacs 

SC04 

scos 

SC06 

SC07 

Small Signal Transistors 

Low-frequency Power Transistors and Hybrid IC 
Power Modules 

High-voltage and Switching Power Transistors 

Small-signal Field-effect Transistors 

SC08a RF Power Bipolar Transistors 

SC08b RF Power MOS Transistors 

SC09 RF Power Modules 

SC10 Surface Mounted Semiconductors 

SC12 Optocouplers 

SC13 Power MOS Transistors 

SC14 Wideband Transistors and Wideband Hybrid IC 
Modules 

SC15 Microwave Transistors 

SC17 Semiconductor Sensors 



Appendix B 
8031 AH/8051 AH, 80C31/80C51/87C51 , 80C652/83C652/87C652*, 83C654/87C654*, 80C851/83C851 

44 34 

Vcc 39 33 
PO.O/ADO 

PO.l/ADl 

PO.2/AD2 
17 

11 23 
2. 

PO.3fAD3 

PO.4/AD4 
18 28 12 22 

PO.5/AD5 Pin Function Pin Function Pin Function Pin Function 

1 NC 23 NC 1 Pl.5 23 P2.5fA13 
PO.6/AD6 P1.0 24 P2.OIAB Pl.6 24 P2.6IA14 

PO.7/AD7 
P1.1 25 P2.1/A9 P1.7 25 P2.7/A15 

P1.2 26 P2.21A10 RST 26 !'"SEN 
P1.3 'Z7 P2.31Al1 P3.OIRxD 27 ALEII'llOG 

P1.4 28 P2.4/A12 NC 28 NC 
AlElPRllG" 

P1.5 29 P2.51A13 P3.1ITxD 29 "EANpp 
PS"EJiI P1.6 :Xl P2.6IA14 P3.211Nl1l" 30 PO.7/AD7 

Pl.7 31 P2.7/A15 P3.3IlNlT 31 PO.6IAD6 
P2.71A15 10 RST 32 PSrn 10 P3.41T0 32 PO.51AD5 

TO/P3.4 P2.6/A14 11 P3.cYAxD 33 ALEiPROO 11 P3.SlT1 33 PO.41AD4 
12 NC 34 NC 12 P3.6IWR 34 PO.31AD3 

T1!P3.5 P2.5/A13 13 P3.1/TxD 35 E.'Npp 13 P3.7RlJ 35 PO.21A02 

P2.4/A12 14 P3.2IIm1l 36 PO.7/AD7 14 XTAl2 36 PO.1/AD1 
15 P3.3IINTT 37 PO.6IAD6 15 XTAl1 37 PO.OIADO 

P2.3/All 16 P3.4iT0 38 PO.51AD5 16 VSS 38 VCC 

XTAl2 P2.21Al0 17 P3.5IT1 39 PO.4/A04 17 NC 39 NC 
18 P3.6IWR 40 PO.31AD3 18 P2.0/A8 40 P1.0 

XTAll P2.1fA9 19 P3]/RIJ 41 PO.21AD2 19 P2.1/A9 41 Pl.1 

P2.0/AB 
20 XTAL2 42 PO.lIAD1 20 P2.21A10 42 P1.2 VSS 21 XTALl 43 PO.D/ADO 21 P2.31A11 43 P1.3 
22 VSS 44 Vce 22 P2.4/A12 44 P1.4 

P 1.6 and Pl. 7 have the alternate functions SCL and SDA, respectively, on the 80C652183C652187C652 and 83C654/87C654. 

NOTES TO QFP ONLY: 
1. Due to EMC improvements, it is advised to connect pins 6,28,39 to Vss on the 80C652183C652, and 83C654. 

80CE654/83CE654 

r 34 

R 

1= 0 1=33 

QUAD 
FLAT 
PACK 

11= 1=23 

~ ~ 
12 22 

Pin Function Pin Function 
1 P1.5 23 P2.5JA13 
2 P1.6/SCL 24 P2.61A14 

3 P1.7JSOA 25 P2.7/A15 

4 RST 26 !'SEN 
5 P3.0/RxD 27 ALE 

6 VSS4 28 VSS2 
7 P3.11TxO 29 Ell 
8 P3.2IIm1l 30 PO.7/AD7 

9 P3.31lmT 31 PO.6/AD6 

10 P3.41TO 32 PO.51AD5 

11 P3.5iT1 33 PO.4/AD4 

12 P3.6iWR 34 PO.3fAD3 

13 P3.7RlJ 35 PO.2fA02 

14 XTAL2 36 PO.t/AD1 

15 XTALt 37 PO.D/ADO 
16 VSSl 38 VCC2 
17 Veel 39 VSS3 
18 P2.0/AB 40 P1.0 

19 P2.1/A9 41 Pl.t 
20 P2.21A1D 42 P1.2 

21 P2.3/Al1 43 P1.3 

22 P2.4/A12 44 P1.4 
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Appendix B 
8032AH/8052AH, 80C32/80C52/87C52, 83C524/87C524*, 80C528/83C528/87C528* 

Voo 39 33 
PO.O/ADO 

PO.l/ADt 

PO.21AD2 11 2l 17 29 
PO.3/A03 

PO.4/AD4 18 28 12 22 

PO.S/ADS Pin Function Pin Function Pin Function Pin Function 

1 NC 23 NC Pl.5 23 P2.S'A13 
PO.6/A06 

T2!P1.0 24 P2.0/AB Pl.6 24 P2.&At4 

Po.7/AD7 T2EXlPl.l 25 P2.1IA9 Pl.7 25 P2.71A15 

Pl.2 26 P2.21Al0 4 RST 26 !'SEN 
P1.3 27 P2.31All RxD/P3.0 27 ALEJF>ROG 

Pl.4 28 P2.41A12 NC 28 NC 

Pl.S 29 P2.S'A13 TxD/P3.1 29 DiNpp 
Pl.6 30 P2.6/A14 lIilTIl/P32 30 PO.7/AD7 

P2.7/A15 Pl.7 31 P2.7/A15 TmT/P3.3 31 PO.&,ADG 
10 RST 32 !'SEN 10 TO/P3.4 32 PO.S'ADS 

P2.6/A14 11 RxDlP3.0 33 ALEJF>ROG 11 TlIP3.s 33 PO.41AD4 

P2.S/A13 
12 NC 34 NC 12 WRiP3.6 34 PO.31AD3 
13 TxDIP3.1 35 DiNpp 13 1IDJP3.7 35 PO.21AD2 

P2.4/A12 14 lIITOiP32 36 PO.7/AD7 14 XTAL2 36 PO.lIADl 

P2.3/All 
15 lNTf/P3.3 37 PO.61ADG 15 XTAL1 37 PD.G'J\DO 

16 TO/P3.4 38 PO.S'AD5 16 VSS 38 VCC 
XTAL2 P2.2/Al0 17 T1/P3.5 39 PO.4/AD4 17 NC 39 NC 

P2.1/A9 
lB WR/P3.6 40 PO.31AD3 lB P2.0/AB 40 T2JP1.0 XTAl1 
19 lIDIP3.7 41 PO.21AD2 19 P2.1JA9 41 T2EXPfPl.1 

P2.0/A8 20 XTAL2 42 PO.1/ADt 20 P2.21Al0 42 Pl.2 
21 XTALl 43 PO.DIADO 21 P2.31Al1 43 P1.3 
22 VSS 44 VCC 22 P2.4/A12 44 Pl.4 

P 1.6 and Pl. 7 have the alternate functions SCL and SDA, respectively, on the 83C524/87C524 and 80C528/83C528/87C528. 

80CL41 0/83CL41 0* 

VOO 

PO.O/ADo 

PO.l/AD1 

PO.2/AD2 

PO.3IAD3 

Po.4/AD4 

PO.S/ADS 

PO.6/AD6 

PO.7/AD7 

Ell" 

ALE 

PSER 

P2.7/A1S 

TO/P3.4 P2.6/A14 

T1!P3.S P2.5/A13 

P2.4/A12 

P2.3/A11 

XTAL2 P2.2/Al0 

XTALl P2.1/A9 

Vss P2.0/AB 

P1.6 and P1.7 have the alternate 
functions SCL and SDA, respectively, on 
the 80CL410/83CL410. 

83C053/83C054/87C054 

VppITOAC/PO.D 1 

PROG/PWM1/PO.1 2 

ASEUPWM'2iPO.2 3 

PWM3/PO.3 4 

PWM4/PO.4 S 

PWM5!PO.5 6 

PWM6/PO.6 7 

PWII:1/PO.7 8 

P2.2 

P2.1 

P2.0 

Vss 

1223 

VCC 

PO.7 

PO.6 

PO.S 

P3.4 

P3.3JfNTO 

P3.2ITO 

P3.1I1NT1 

PO.O 

RST 

XTAL2 

XTALl 

SF 

VClK2 

VCLK1 

VSYNC 

HSYNC 

VCTRL 

Vl02 

VIOl 

VlDO 



Appendix B 
80C451 183C451 187C451 8OC550/83C550/87C550 

ElW" 1 ALEIPROG 61 AVec;IVref+ 1 Vee 

PSER AVss/YfeJ- 2 PII.OIAOO 
10 80 

P&.7 P1.OJADCO 3 PO.1/AOt 

P2.2JA10 Pl.1IADCl 4 PO.2JAD2 

P2.31A11 P6.s 26 44 Pl.2JADCZ 5 PO.31AD3 

P6.4 Pl.31ADCa 6 POAJAD4 

P2.S/A13 7 P&.3 27 43 
P1AJADC4 1 PO.SlAD5 

P6.2 
Pl.SlADC5 8 3 PO.6JAD6 

P2.1JAI5 P6.1 Pin FUnction Pin Function 
PO.7JAD1 1 ElWpp 35 RST 

PO.7/AD? 1 P&.G P2.OJAS 36 P3.D/RxD RxDIP3.O 1 1 El:lVpp 
AFLAG P2.1JA9 37 P3.1fTxD 

P2.2JA10 38 P3.2JINTO ALEiI'II"OG 
PO.5JADS 1 BFLAG P2.31A11 39 P3..3IIRTT 1HTO"1P3.2 I 
PO.4IAD4 I P2.4IAI2 40 P3.4IT0 

0Il!I" P2.SlAI3 41 P3.5iTl P2.7/A15 
PO.31AD3 I 1 

P2.6JAI4 42 P3.6iWR TOIP3.4 I P2.6JAI4 
PO.2JAD2 I V .. P2.1JA15 43 P3.7/RD 

PO.1IADI I XTALt 10 PO.1JAD1 44 PS.O T11P3.5 P2.SlAI3 
11 PO.6JAD6 45 P5.1 

XTA12 12 PO.51ADS 46 P5.2 P2.4IAI2 

Vee 
13 PO.4IAD4 41 PS.3 P2.3JA11 
14 PO.31AD3 48 P5.4 

PC.3 15 PO.2JAD2 49 P5.5 
XTA12 P2.2/AIO 

P4.2 16 PO.l/AD1 50 PS.6 XTALt P2.1fA9 
17 PO.OJADO 51 P5.7 

P4.1 PS.4 18 Vee 52 XTAL2 VSS P2.OJAS 

PC.O 19 P4.7 53 XTAl.l 
20 P4.6 54 V .. 

P1.D 21 P4.5 55 ODS 40 

Pt.t 22 P4.4 56 1DS 
23 P4.3 57 BFLAG 39 

Pl.2 P5.0 24 P4.2 58 AFLAG 

P1.3 P3.7/RD 25 P4.1 59 P6.0 

P3.6iWR 26 P4.0 60 P6.1 17 29 
27 P1.0 61 P62 

P3.5ITI 28 Pt.t 62 P6.3 18 28 

P3.4ITD 29 P1.2 63 P6A 
30 Pl.3 64 PS.5 

Pt.7 P3.3iINT1 31 P1.4 65 P6.6 Pin Function Pin Function Pin FWiclion 

P3.211frnj 32 Pl.5 66 P6.7 1 AVec 16 P3.2JINTO 31 P2.6JAI4 
RST 2 Vref+ 17 P3.3IImT 32 P2.7JA15 

33 PL6 67 PAElil 3 Vref- 18 P3.4JTO 33 !'SEN 
P3.0/RxD 2 P3.1/TxD 34 Pl.7 68 ALEn'RCG 4 AVss 19 P3.5iTl 34 ALEn'RCG 

5 Pl.D/ADCO 20 P3.6iWR 35 ElW" 
6 P1.lIADCl 21 P3.7/RD 36 PO.7JAD7 
7 P1.2JADC2 22 XTAL2 37 PO.6JAD6 
8 Pl.31ADCa 23 XTALI 38 PO.5JAD5 
9 Pl.4/ADC4 24 V .. 39 PO.4lAD4 
10 P1.5JADC5 25 P2.OJAS 40 PO.31AD3 
11 P1.6IADC6 26 P2.lIAQ 41 PO.2JAD2 
12 Pl.7/ADC7 27 P2.21Al0 42 PO.1JADI 
13 RST 28 P2.3/A11 43 PO.QIADO 
14 P3.Q1RxD 29 P2.4IAI2 44 Vee 
15 P3.1fTxD 30 P2.5JAI3 
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8OC552/83C552/87C552*, 80C562/83C562 

Pin Function 
1 P5.OJAOCO 

VOO 

STADC 

PWMO" 
PWMl 
EW 
P4.OICMSRO 
P4.1/CMSR1 
P4.2JCMSR2 

10 P4.31CMSR3 
11 P4.41CMSR4 
12 P4.51CMSR5 

13 P4.6,CMTO 
14 P4.7/CMT1 

15 RST 

16 P1.0/CTOJ 

17 P1.lICT11 

18 Pl.2JCT21 
19 P1.3ICT31 

20 P1.4IT2 
21 P1.51RT2 
22 Pl.61SCL 

23 P1.7/S0A 
24 P3.OJRxD 

25 P3.11TxD 

26 P3.2IIfmJ 

27 P3.3IlNTT 
28 P3.41TO 

29 P3.5IT1 
30 P3.6iWR 
31 P3.7iRU 
32 NC 

33 NC 
34 XTAL2 

Pin Function 
35 XTALl 

36 VSS 

37 VSS 
38 NC 

39 P2.0IA06 
40 P2.lIAOQ 

41 P2.21A10 
42 P2.31All 
43 P2.4/A12 
44 P2.51A13 

45 P2.61A14 

46 P2.7/A15 
47 PSrn 
48 ALElP'HOG 

49 mvpp 
50 PO.lIAD7 
51 PO.61AD6 

52 PO.51A05 
53 PO.41AD4 

54 PO.31AD3 
55 PO.21AD2 

56 PO.lIA01 

57 PO.D/ADO 

58 AVref-

59 AVref+ 

60 AVSS 

61 AVOD 

62 P5.7/ADC7 
63 P5.61ADC6 

64 P5.51AOC5 

65 P5AIADC4 
66 P5.31ADC3 

67 P5.2I ADC2 

68 P5.1fADCl 

Pin Function 
P4.1/CMSRl 

P4.2JCMSR2 

NC 
4 P4.31CMSR3 

5 P4.41CMSR4 

P4.5'CMSR5 
P4.61CMTO 
P4.7/CMTl 

RST 

10 Pl.G'CTOI 
11 P1.1/CT11 
12 P1.2JCT21 

13 P1.31CT3J 

14 Pl.4IT2 
15 Pl.51RT2 

16 Pl.&'SCL 

17 P1.7/SDA 

18 P3.QlRxD 

19 P3.1/TxD 

20 P3.2IIfmJ 

21 NC 

22 NC 

23 P3.3IlNTT 

24 P3.4/TO 

25 P3.5'Tl 

26 P3.6IWR 
27 P3.71RU 

28 NC 

29 NC 
30 NC 
31 XTAl2 

32 XTAl1 

33 IC 

34 VSS 

35 VSS 

36 VSS 
37 NC 

38 P2.QlAOS 
39 P2.1fAOQ 

40 P2.21Al0 

NC .. not connected 

Pin Function 
41 P2.3IA11 
42 P2.41A12 

43 NC 
44 NC 

45 P2.51A13 
46 P2.61A14 
47 P2.7/A15 

48 J'SEiI 
49 AL.EIPROG 

50 EJWPP 
51 PO.7/AD? 
52 PO.GlADS 

53 PO.51AD5 
54 POA/AD4 
55 PO.31A03 

56 PO.2IAD2 
57 PO.t/AD1 
58 PO.OIAOO 

59 AVref-
60 AVref ... 

61 AVSS 

62 NC 

63 AVOD 

64 P5.7/ADC7 
65 P5.61ADCS 

66 P5.51ADC5 
67 PS.4fADC4 

6B P5.31ADC3 

69 P5.21ADC2 
70 P5.1/ADCl 
71 P5.OIAOCO 

72 VOO 
73 IC 

74 STADC 

75 I'WI\IO 

76 PWMl 
77 EW 
78 NC 

79 NC 
SO P4.0/CM$Ro 

IC = internally connected (do not use) 

P1.6 and P1.7 have the alternate functions SCL and SDA, respectively, 
on the 80C552183C552187C552. 
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Appendix B 
80C592/83C592/87C592 

Pin Function 

1 P5.OIADCO 

V"" 
STADC 

4 PWIim 

5 l'WMT 

lOW 

P4.OICMSRO 

P4.lICMRS1 
9 P4.2CMSR2 

10 P4.3ICMSR3 

11 P4.41CMSR4 

12 P4.51CMSR5 

13 P4.6JCMTO 

14 P4.?/CMTl 

15 RST 

16 Pl.OICTOI/INT2 

17 P1.11CT111INT3 

18 P1.21CT21/INT 4 

19 P1.31CT31fINT5 

20 P1.41T2 

21 P1.51RT2 

22 CVss 

23 P1.61CTXO 

24 P1.?/CTXl 

25 P3.0/RxD 

26 P3.1TxD 

27 P3.2IIfmJ 

28 P3.31TfJTf 

29 P3.4ITO 

30 P3.5IT1 

31 P3.6IWR 

32 P3.7/1ID 

33 XTAl2 

34 XTAl1 

Pin Function 

35 V", 

36 P2.OIA08 

37 P2.1fA09 

3B P2.2JA10 

39 P2.31Al1 

40 P2.41A12 

41 P2.51A13 

42 P2.6/A14 

43 P2.7fA15 

44 J'SEiI 

45 ALEil'ROG 

46 E1t7Vpp 

47 PO.7/AD? 

48 PO.61AD6 

49 PO.51AD5 

50 PO.4/AD4 

51 PO.31AD3 

52 PO.21AD2 

53 PO.1/ADl 

54 PO.O/ADO 

55 REF 

56 CRXl 

57 CRXO 

58 AVref-

59 AVref~ 

60 AVas 

61 AVoo 

62 P5.7/ADC7 

63 P5.61ADC6 

64 P5.51AOC5 

65 P5.4/ADC4 

66 P5.31ADC3 

67 P5.2JADC2 

68 P5.lIADC1 



Appendix B 
SOC575/83C575/87C575 

40 44 34 

VDD 39 
33 

PO.G/AOO 

PO.1/AD1 

PO.21AD2 
11 23 17 29 

PO.31AD3 

PO.41AD4 18 28 12 22 

PO.51AD5 
Pin Func1i.., Pin FunetI.., Pin Function Pin Function 

PO.6IAD6 1 NC 23 NC 1 Pl.5ICMP2ICEX2 23 P2.51AI3 

PO.l/ADl 2 T2IP1.OICMPo. 24 P2.OIA8 P1.6ICMP3ICEX3 24 P2.6IAI4 

3 T2EXlPI.1ICMPo- 25 P2.lIA9 Pl.7ICEX4 25 P2.7/A15 

nNpp 4 Pl.2lECI 26 P2.21Al0 4 RST 26 I'SEIiI 

ALEIPROC: Pl.3ICMPOICEXO 27 P2.3/All RxDlP3.0 27 ALEIPROG 

6 Pl.41CMPlICEXl 28 P2.41A12 NC 28 NC 
PSER Pl.5ICMP2ICEX2 29 P2.51AI3 TxDlP3.1 29 ElWpp 

P2.1/AI5 
Pl.6ICMP3ICEX3 30 P2.6IAI4 1NTI!IP3.2 30 PO.7/AD7 
Pl.7ICEX4 31 P2.7/AI5 9 lNTT/P3.3 31 PO.6/ADS 

P2.6IAI4 10 RST 32 I'SEIiI 10 T0IP3.4ICMPR- 32 PO.51AD5 

P2.51AI3 
11 RxDIP3.0 33 ALEII'ROO 11 TtJP3.5ICMP1+ 33 PO.41AfJ4 
12 NC 34 NC 12 WlW3.6ICMP2. 34 PO.3/AD3 

P2.41AI2 13 TxD/P3.1 35 ElWpp 13 RO/P3.7/CMP3+ 35 PO.21AD2 

CMP3+IIID"/P3. P2.31AI1 
14 1NTI!IP3.2 36 PO.7/AD7 14 XTAL2 36 PO.lIADI 

15 lNTT1P3.3 37 PO.6IAD6 15 XTALI 37 PO.OIADO 

P2.21Al0 16 TOIP3.4ICMPR- 38 PO.51AD5 16 VSS 38 Vee 
17 TlIP3.5ICMPI. 39 PO.41AD4 17 NC 39 NC 

XTALI P2.1/A9 
18 WFI/P3.6ICMP2+ 40 PO.3IAD3 18 P2.OIAS 40 T2IP1.OICMPO. 

P2.OIAS I. RO/P3.7/CMP3+ 4' PO.21AD2 19 P2.1IA9 41 T2EXlP1.1ICMP(>-
20 XTAL2 42 PO.lIADI 20 P2.21Al0 42 Pl.2lECI 
21 XTAL1 43 PO.OIADO 21 P2.3IAl1 43 Pl.3ICMPOICEXO 
22 Vss 44 VCC 22 P2.4JA12 44 Pl.41CMPl 
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Appendix B 
83C751/87C751 83C752/87C752 

P3.41A4 1 Vee P3.4/A4 1 Vee 

P3.S/AS Pa5lAS 

P3.21A21Al0 3 P3.6/A& P3.21A2IA10 3 P3.61A6 

P3.7/A7 P3.1/A1/A9 4 P3.7/A7 

PaO/AO/AS S Pl.71T01D7 P3.0/AOlAB 5 PO.41PWII OUT 

PO.2IVpp Pl.6IIJiITl1D6 PO.3 

~E'j&:i 7 Pl.5MI11SIDS PO.l/SDA/ 7 Pl.m01D7 
OE-PGII 

PO.O/SCU P1A1o. PO.O/SCU 8 Pl.6JlRTfID6 
ASEL ASEL 

P1.3ID3 AST Pl.stlR"MlDS 

X2 P1.2/D2 X2 AVee 

Xl Pt.tlDt Xl AVss 

Vss Pl.D/DO Vss 
PlA/ADC41D4 

Pl.0/ADCOIDO 13 Pl.3/ADC3/D3 

Pl.t/ADC1101 14 Pl.21ADC2/D2 

4 

2S 26 

25 

11 1. 

12 18 11 1. 

Pin Function Pin Function 12 18 
1 P3.4JA4 15 P1.OIlJO 
2 P3.31A3 16 P1.1/Dl Pin FlmCtion Pin Function 

3 P3.21A2IA10 17 P1.21D2 1 P3.41A4 15 P1.21ADC21D2 

P3.1/A1/AQ 18 P1.31D3 
2 P3.31A3 16 P1.31ADC3ID3 

N.C. 19 Pl.41D4 
3 P3.21A21Al0 17 P1 AlADC4ID4 

• P3.t/At/AS 18 AV .. 
P3.OIAOIAS 20 Pl.5IlIiI1UID5 5 P3.OIAOIA8 19 AVec 
PO.2IVpp 21 N.C. 6 PO.2Npp 20 P1.5/1N11jJD5 
PO.lISDAlOE..f'GM 22 N.C. 7 PO.lISDAIOE-PGM 21 P1.6IIJiITl/DS 
PO.O/SCUASEL 23 P1.6111'ITf/DS 8 PO.OISCUASEL 22 Pl.7IT01D7 

10 N.C. 2. P1.7IT0ID7 9 RST 23 PO.3 

11 AST 25 P3.7/A7 
10 X2 24 PO.4IPWM OUT 

12 X2 26 P3.61AS 
11 Xl 25 P3.7/A7 
12 V .. 26 P3.61A6 

13 Xl 27 P3.51A5 13 P1.OIADCOIDO 27 P3.5IA5 
1. VSS 28 Vee 14 Pl.lIADC1/Dl 28 Vee 
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Appendix B 
80CL32180CL52, 83CL411, 83CL781*/83CL782* 

INT2fT2 P1.D 
>< 

1 VDD IU 

~ INT3IT2EX P1.1 2 9 PO.OADO .. .. w i 8 Q Q .. 
!i !i !i z 0 

1'0.1 AD1 ~ :Pi l!i o~ ;'! ~ ~ () oOl 

INTSP1.3 • 7 PO.2AD2 a: a: CL a: a: z > If f f 
INT&P1A S 

PO..AD4 PO.4/AD4 

1NT8 P1.& 7 PO.SADS P1.6I1NT8 
PO.5IADS 

3 PO.&AD6 P1.711NTe 
PO.61AD& 

PO.7AD7 RST PO.7/AD7 

RxDfdala P3.0 1 
EX 
He 

TxD/clock P3.t ALE 
ALE 

1IITlIP3.2 l'SER 
l'SER 

lRTTP3.3 P2.7 A1S P2.7/A1S 
TO P3.' P2.6 A14 

P2.61A14 

T1 P3.S P2.S A13 28 P2.51A13 

WRP3.6 P2.. A12 

lID Pl.7 P2.3A11 .. .. 
! 0 ~ .:; III lll; li! 

:!i ~ ~ XTAl2 P2.2A10 j! )! > i q ;i ~ 1il 
01 01 >< )( {! ~ ... ~ ~ ~ XTAl1 P2.1 A9 ... ... 

Vss 1 P2.0 AS 

83CL580 

VDD 

P2.0 

P2.1 

P2.2 lO la: 
ADO !1i ~ :;] ::i :l :l .. 

~ ~ ~ ~ ~ ~ g Ol 
l'SER Ii:! () .. If () !il ~ ~ AVREFP z ... ... ... ... ... z 
ALE 

AVss 
Ell: ALE P'.SlT1 

P4.0 PSEH 
P2.3 

P4.1 P2.2 P3.31111Tl 
P2.. 

P4.2 
P2.5 

P2.1 P3.211NT2 

P'.3 P2.0 P3.11TXD 

P ••• VDD P3.IlIRXD 
P2.7 

P4.S He Vss PO.7 

PS.& 
ADS XTALt 

PO.6 
AD2 XTAl2 

P'.7 
EWR 

ADO PWMO 
P1.0 PO.3 

AVREFP P1.7ISDA 
Pt.t PO.2 

AVss P1.6JIII11!iSCl 
P1.2 PO.1 

P1.3 PO.O t ~ () .. ... t .. .. () .. .. 
~ >< () 

I~ I~ 
() 

!il I~ z :. :. :. :. z :. .. w 0 z a: ~ j! P1.' Pl.7 
I~ ::j ~ :ii 

Ii !!! a: iL If. P1.5 P3.& C! I~ S 
P1.G P3.S a: i. ~ 
Pt.7 Pl.0 0: 

PWMO P3.3 

XTAU Pl.2 

XTAl1 P'.1 

Vss 
Pl.0 

P1.6 and P1.7 have the alternate functions SCL and SDA, respectively, on the 83CL781 and 83CL782. 
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