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ILDCI 
DIAGRAM 

Pw NUMBER 

DESCRIPTIOI 

PROCESS/SPEED 

FEATURES 

PACDGE 

SuPPORT 
Pemcrs 

512ByteROM 

7JPCPU 

~ 
~ 

Z8&C03 

Consumer Controller Processor (CCPj 
with 512 Byte ROM 

CMOS:8MHz 

• 512 Byte ROM 
• 64-Byte RAM 
• Two Standby Modes 
• One Counter(Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection 
• 14VO 
• RC Oscillator Option 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

1KROM 
za9CPU 

~ RAM 
P2 

Z81iC04/D&E04 

Z86C04 = 8-Bit Low Cost 1 Kbyte ROM MCU 
Z86E04 = OTP Version 

CMOS:BMHz 

• 1 KbyteROM 
• 128-Byte RAM 
• Two Standby Modes 
• Two Counter(Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 14VO 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86COBOOZCO - Evaluation Board 
Z86COBOOZDP - Adaptor Kit 
Z86C1200ZEM - Emulator 
Z86C1200ZPD - Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

1KROM 
Zll"CPU 

WOT 1-ifil. 
SPI 

~ 

Z8&C06 

Consumer Controller Processor (CCPj 
with 1 Kbyte ROM 

CMOS: 12 MHz 

• 1 Kbyte ROM 
• 128-Byte RAM 
• Two Standby Modes 
• Two Counter(Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-VoHage Protection (ROM Only) 
• 14VO 
• RC Oscillator Option 
• Serial Peripheral Interface (SPI) 

18-Pin DIP 
18-Pin SOIC 

Z86E0600ZDP -Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZOP - Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Em.llator 

2KROM 

'ZJ18CPU 
124 

WDT RAM 

P2 P3 

Z8&C07/D&E07 

Z86C07 = 8-Bit 2 Kbyte ROM MCU 
Z86E07 = OTP Version 

CMOS: 8and12 MHz 

• 2 Kbytes ROM 
• 124-Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 14VO 
• Low Noise Option 
• Programmable Interrupt Polarity 

18-Pin DIP 
18-PinSOIC 

Contact Your Local Zilog Sales Office 

'.!: ................................................................................................................................. .. 
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PART NUMBER 

DESCRIPTION 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SuPPORT 
Pnooucrs 

2KROM 
Z&eCPU 

WOT I m.. 
POrP2 

Z86C88/Z8&E08 

Z86C08 = Z841 MCU with 2 Kbyte ROM 
Z86E08 = OTP Version 

CMOS: 12MHz 

• 2Kbyte ROM 
• 128 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 141/0 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86C0800ZCO - Evaluation Board 
Z86C0800ZDP - Adaptor Kit 
Z86C1200ZEM- Emulator 
Z86C1200ZDP - Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

ZB" CPU 
236 

WOT I RAM 
PO P3 

P2 

Z8&C30/Z86E30 

Z86C30 = ZB8 (CCPi with 4 Kbyte ROM 
Z86E30 = OTP Version 

CMOS: 12 MHz 

• 4Kbyte ROM 
• 236 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 241/0 
• RC Oscillator Option 
• Low-Noise Option 

28-Pin DIP 
28-Pin PCB Chip Carrier 

Z86E3000ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

-
2KROM _ 

Z8" CPU 

worj ill~ 
PO _! P3 

P2 J 

Z86C31/Z86E31 

Z86C31 = 8-Bit MCU with 2 Kbyte ROM 
Z86E31 = OTP Version 

CMOS:8MHz 

• 2 Kbyte ROM 
• 128 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 241/0 
• RC Oscillator Option 
• Low-Noise Option 

28-Pin DIP 
28-Pin PCB Chip Carrier 

Z86E3000ZDP -Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

4KROM 
CPU 

WOT 236 RAM P1 
P2 P3 PO 

Z8&C40/Z86E40 

ZB8 Consumer Controller 
Processor (CCPj 
Z86E40 = OTP Version 

CMOS: 12MHz 

• 4K ROM, 236 RAM 
• Two Standby Modes 
• Two Counter/Timers 
• ROM Protect 
• RAM Protect 
• Four Ports 
• Low-Voltage Protection 
• Two Analog Comparators 
• Low-EMI Mode 
• Watch-Dog Timer (WOT) 
• Auto Power-On Reset 
• Low-Power Option 

40-Pin DIP 
44-Pin PLCC 

Z86C5000ZEM - Emulator 
Z86CCPOOZEM - Emulator 
Z86E4000ZDP - Adaptor Kit 
Z86E4000ZDV - Adaptor Kit 



ZBBC03/C08 CMOS Z88 B·Blt CCP™ • 
Consumer Controller Processors 

Z86E03JE06 CMOS Z8® 8·Bit OTP CCP™ 
Consumer Controller Processors 

Z86C04/C08 CMOS ZB® low Cost El 
1 K /2K ROM MicrocontroHers 

Z86E04JEOB CMOS ZB® II 
a .. Bit OTP Mlcrocontrollers 

Z86C07 CMOS ZS® II 
B·Bit MicrocontroHer 

Z86E07 CMOS Z89 m 
B·Bit OTP Microcontroller lim 

zs&C3D/C31 CMOS zse a .. e1t CCP™ II 
Consumer Controller Processors 
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FEATURES 

• The Z86C03/C06 Devices Have the Following 
General Characteristics: 

Part 
Z86C03 
Z86C06 

ROM 
512 bytes 
1 Kbyte 

• 18-Pin Package (DIP, SOIC) 

RAM 
60 
124 

• 3.0 to 5.5 Volt Operating Range 

Speed 
BMHz 
12MHz 

• Operating Temperature: -40°C to + 105°C 

• Fast Instruction Pointer: 1.5 µs ® 8 MHz (C03); 
1.0µs@12MHz(C06) 

• Multiple Expanded Register File Control Registers 

PRODUCT SPECIFICATION 

Z86C03/C06 
CMOS ZS® 8-BIT CCP™ 
CONSUMER CONTROLLER PROCESSORS 

• Clock Speeds up to 8 MHz (C03) and 12 MHz (C06) 

• Software-Enabled Watch-Dog Timer 

• Power-On Reset Timer 

• Two Standby Modes: STOP and HALT 

• Two Comparators with Pmg;ammable Interrupt Polarity 

• 14 Input/Output Lines (Two with Comparator Inputs) 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, RC, or External Clock Drive. 

• Serial Peripheral Interface (SPI) (Z86C06 Only) 

and Two SPI Registers (Z86C06 only) • Software Programmable Low EMI Mode 

• One{fwo Programmable 8-Bit Counter{fimers, • ROM Protect Option 
Each with a 6-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from Six Different 
Sources 

GENERAL DESCRIPTION 

The Z86C03/C06 CCP™ (Consumer Controller Proces
sors) are members of Zilog's the Z819 single-chip micro
controller family with enhanced wake-up circuitry, pro
grammable watch-dog timers and low noise/EM I options. 
These enhancements result in a more efficient, cost
effective design and provide the user with increased 
design flexibility over the standard ZB microcontroller 
core. With512and 1KbytesofROMand60and 124bytes 
of general-purpose RAM, respectively, these low cost, low 
power consumption CMOS microcontrollers offer fast ex
ecution, efficient use of memory, sophisticated interrupts, 
input/output bit manipulation capabilities, and easy hard
ware/software system expansion. 

• Auto Latches 

The Z86C03/C06 CCP architecture is characterized by 
Zilog's 8-bit microcontroller core with the addition of an 
Expanded Register File to allow easy access to register 
mapped peripheral and 1/0 circuits. The Z86C03/C06 
offers a flexible 1/0 scheme, an efficient register and 
address space structure, and a number of ancillary fea
tures that are useful in many consumer, automotive, and 
industrial applications. 

For applications demanding powerful 1/0 capabilities, the 
Z86C03/C06 provides 14 pins dedicated to input and 
output. These lines are grouped into two ports and are 
configurable under software control to provide timing, 
status signals, or parallel 1/0. 

1-1 

II 



Z86C031C06 CMOS ZS' 8-BIT ccp· 
CoNSUllER Cotm!OLLER PROCESSORS 

GENERAL DESCRIPTION (Continued) 

Three basic address spaces are available to support this 
wide range of configurations: Program Memory, Register 
File, and Expanded Register File. The Register File is 
composed of 60/124 bytes of General-Purpose Registers, 
two 1/0 Port registers, and 13/15 Control and Status regis
ters. The Expanded Register File consists of three control 
registers in the Z86C03, and four control registers, a SPI 
Receive Buffer, and a SPI compare register in the Z86C06. 

C06 meets the needs of a variety of sophisticated control
ler applications (Figure 1). 

Notes: 
All Signals with a preceding front slash,"/', are active Low, e.g.: 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

With powerful peripheral features such, as on-board com
parators, counter/timer(s), Watch-Dog Timer (WDT), and 
Serial Peripheral Interface (SPI) (C06 only), the Z86C03/ 

Output Input Vee 

Connection 

Power 
Ground 

GND 

Circuit 

XTAL 

Machine 
liming & Inst. 

__ _. Control 

1-2 

112 
Counter/ 
limers t 

Interrupt 
Control 

Two Analog 
Comparators 

Serial• 
Peripheral 
Interface 

1/0 
(Bit Programmable) 

ALU 

FLAG 

Register 
Pointer 

Register File 
78/147 x 

8-Bit 

t Z86C03 has one counter/timer. 

WOT, POR 

• Serial Peripheral Interface for the Z86C06 only. 

Figure 1. Z86C03/C06 Functional Block Diagram 

Device 
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PIN DESCRIPTION 

P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 
Z86C03 

P27 4 and 15 P20 

vcc 5 
Z86C06 

14 GND 

XTAL2 6 
DIP 

13 P36 

XTAL1 7 12 P35 

P31 8 11 P34 

P32 9 10 P33 

Figure 2. 18-Pln DIP Pin Configuration 

P24 

P25 2 

P26 3 

P27 4 

Voo 5 

XTAL2 6 

XTAL1 7 

P31 8 

P32 9 

Z86C03/C06 CMOS 71' 8-Bn' CCP'" 
CotlsullER CONTRoLLER PROCESSORS 

Table 1. 18-Pin DIP and SOIC Pin Identification 

No Symbol Function Direction 

1-4 P24-27 Port 2, pins 4, 5, 6, 7 In/Output 
5 Vee Power Supply 
6 XTAL2 Crystal Oscillator Clock Output 
7 XTAL1 Crystal Oscillator Clock Input 

8-10 P31-33 Port 3, pins 1, 2, 3 Fixed Input 
11-13 P34-36 Port 3, pins 4, 5, 6 Fixed Output 
14 GND Ground 
15-18 P20-23 Port 2, pins 0, 1, 2, 3 In/Output 

18 P23 

17 P22 

16 P21 

Z86C03 15 P20 
and 

Z86C06 14 GND 
SOIC 

13 P36 

12 P35 

11 P34 

10 P33 

Figure 3. 18-Pln SOIC Pin Configuration 

1-3 
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Z86C031CO& CMOS 'II' a.err cep• 
CONSUMER CONTROLLER PllocEssOAS 

PIN FUNCTIONS 

XTAL1. Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network or an external single-phase clock to the on-chip 
oscillator input. 

Port 2 (P27-P20). Port 2 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control to be an input or output, 
independently. Input buffers are Schmitt-triggered and 
contain Auto Latches. Bits programmed as outputs may be 
globally programmed as either push-pull or open-drain 
(Figures 4a, 4b, and 4c). Low EMI output buffers can be 
globally programmed by the software. In addition, when 
the SPI is enabled, P20 functions as data-in (DI), and P27 
functions as data-out (DO) for the SPI (SPI on the Z86C06 
only). 

XTAL2. Crystal 2(time-based output). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network to the on-chip oscillator output. 

-
P27 ---
P26 -- -"" 

~ 

P25 -- ...... 

P24 
zaecos Port2 (VO) 

P23 
_.. 

P22 ~ ·-
P21 --
P20 ... -"" 

- Port2 

Open-Drain---------. 

P21·P260E -----1 

P21-P260UT----------t 

1.5-2.3 Hysteresis @ V00 = 5.0V 

P21-P26 IN ----c . .z:rt-----41----------........., 
r ----------- -, 
I I 
I I 
I I 
I R~500Kn I L _____________ .J 

Figure 48. Port 2 Configuration (Z86C06) 
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P21-P26 

PAD 

Auto latch 



Open-Drain 

P200E 

SPIEN 

P201N 

Z86CO&IC06 CMOS 7' S.Brr CCP"' 
CoNSUllER CONIROLLER PAocEssoRs 

P20 

PAD 

or ----------< . ..r:ri----e----------__. 
SPIDI 

r ----------- -, 
I I Auto Latch 

I I 
I R~500Kil I L _____________ J 

Open-Drain -------------------. 

P27 OUT _____ Sta __ n_d_ard_ 

SPI DO ----...;;,S.;..Pl-r P27 

P270E Standard 
PAD 

SPIActive ----..;.S.;_PI_, 

SCON 
I 0 SPI DO Enable 
"'-----__..--.....__, 1 P27 OUT 

*SPI must be enabled with DO. 

P271N -----..~1--------------""' 

r ----------- -, 
I I 
I I Auto Latch 

I I 
I R~500Kil I L _____________ J 

Figure 4b. Port 2 Configuration (Z86C06) 
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PIN FUNCTIONS (Continued) 

-
P27 ..... 

P26 -- __., 

P25 ..... 

P24 --
Z86C03 Port 2 (1/0) 

P23 -- __., 

P22 

P21 -- ~ 

P20 ..... 
- Port2 

Open-Drain -----------. 

P20-P27 OE ------t 

P20-P27 OUT---------; 

1.5- 2.3 Hysteresis@ Vee= 5.0V 

P20-P27 IN ----< . .z:z-t-----t1-----------+--' 

r ----------- -, 
I I 
I I 
I I 
I R~500Kn I L _____________ J 

Figure 4c. Port 2 Configuration (Z86C03) 

1-6 

Z86C03/C06 CMOS zse 8-Brr CCPN 
CONSUMER CONTROLLER PROCESSORS 

P20-P27 

PAD 

Auto Latch 



Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33, P32, P31 )that are not externally 
driven. Whether this level is 0 or 1 cannot be determined. 
A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. 

Port 3 (P36-P31 ). Port 3 is a 6-bit, CMOS compatible port. 
These six lines consist of three fixed inputs (P31-P33) and 
three fixed outputs (P34-P36). Pins P31, P32, and P33 are 
standard CMOS inputs (no auto latches) and pins P34, 
P35, and P36 are push-pull outputs. Low EMI output 
buffers can be globally programmed by the software. Two 
on-board comparators can process analog signals on P31 
and P32 with reference to the voltage on P33. The analog 
function is enabled by programming Port 3 Mode Register 
(P3M-bit 01). Pins P31 and P32 are programmable as 
falling, rising, or both edge triggered interrupts (IRQ reg
ister bits 6 and 7). P33 is the comparator reference voltage 
input when the analog mode is selected. P33 is a falling 
edge interrupt input only. 

Z86C031CD6 CMOS Zll' B·BIT ccp• 
CONSUllER CON1RoU.ER PROCESSORS 

Note: P33 is available as an interrupt input only in the 
digital mode. P31 and P32 are valid interrupt inputs and 
P31 is the T1N input when the analog or digital input mode 
is selected. 

The outputs from the analog comparator can be globally 
programmed to output from P34 and P35 by setting PCON 
(F) 00 bit DO = 1. 

Access to Counter{Timer 1 is made through P31 (T1N) and 
P36 (TOUT). 

In the ZB6C06, pin P34 can also be configured as SPI clock 
(SK), input and output, and pin P35 can be configured as 
Slave Select (SS) in slave mode only, when the SPI is 
enabled (Figures 5a and 5b). 

P36 1--------1~ 

P35 1-------~ 

P34 1-------~ 
Z86C03/06 

Port3 

R247= P3M 

P31 (AN1) 

P32(AN2) 

P33 (REF) 

Port3 
(l/O or Control) 

1 =Analog 
0 =Digital 

:"1>-----o IRQO, P32 Data Latch 

From STOP-Mode Recovery 
Source (Z86C06 only) 

~-------0......,_ ___ IRQ1, P33 Data Latch 

,~-'-------' 

Figure Sii. Port 3 Configuration 
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PIN FUNCTIONS (Continued) 

Z86C03/C06 CMOS ZS' 8-BIT ccp· 
CoNSUMER CON'IROLLER PROCESSORS 

SKIN ------------< . ..er----

SPIEN ----

SPIMSTR __ ___. 
P34 

A4.D 

P340UT---o 
SK OUT ------1 

MUX 

P31r=[J>-
REF 

ss------------c. 

SPIEN 

SPIMSTR P35 

A4.D 

P350UT---P32r=[J>-
REF 

PCON 
D 0 P34, P35 Standard Output 

,__ _____ __,__,a 1 P34, P35 Comparator Output 

Figure Sb. Port 3 Configuration (Z86C06) 

Low EMI Emission. TheZ86C03/C06 can be programmed 
to operate in a low EMI emission mode in the PCON 
register. The oscillator and all 1/0 ports can be pro
grammed as low EMI emission mode independently. Use 
of this feature results in: 

• The pre-drivers slew rate reduced to 10 ns (typical). 

• Low EMI output drivers resistance of 200 ohms (typical). 

• Low EMI oscillator. 

1-8 

• Internal SCLK!fCLK = XT AL operation limited to a 
maximum of 4 MHz (250 ns cycle time) when the low 
EMI oscillator is selected and SCLK = External (SMR 
Register Bit D1=1). 

Comparator Inputs. Port 3 Pin P31 and P32 each have a 
comparator front end. The comparator reference voltage 
pin P33 is common to both comparators. In analog mode, 
the P31 and P32 are the positive inputs to the comparators, 
and P33 is the reference voltage supplied to both com
parators. In digital mode, Pin P33 can be used as a P33 
register input or IRQ1 source. 



FUNCTIONAL DESCRIPTION 

The following special functions have been added to the 
ZS6C03/C06 CCPs to enhance the standard ZS® architec
ture to provide the user with increased design flexibility. 

RESET. The device is reset in one of four ways: 

1. Power-On Reset 

2. Watch-Dog Timer 

3. STOP-Mode Recovery Source 

4. Low Voltage Protection 

Having the Auto Power-On Reset circuitry built-in, the 
ZS6C03/C06 does not require an external reset circuit. The 
reset time is 5 ms (typical) plus 1S clock cycles. 

The device does not re-initialize the WDTMR, SMR, P2M. 
or P3M registers to their reset values on a STOP-Mode 
Recovery operation. 

Program Memory. ZS6C03/C06 can address up to 512/ 
1K bytes of internal program memory (Figure 6). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Byte 13 to byte 
511/1023 consists of on-chip, user program mask ROM. 

ROM Protect. The 512/1K bytes of Program Memory is 
mask programmable. A ROM protect feature will prevent 
"dumping" of the ROM contents by inhibiting execution of 
the LDC and LOCI instructions to program memory in all 
modes. 

ROM protect is mask-programmable. It is selected by the 
customer when the ROM code is submitted. Selecting 
ROM protect disables the LDC and LOCI Instructions in 
all modes. ROM look-up tables are not supported in 
this mode. 

Z86C03.'C06 CMOS U8 B·Brr CCP" 
CONSUMER CONTROLLER PROCESSORS 

Expanded Register File (ERF). The register file has been 
expanded to allow for additional system control registers 
and for mapping of additional peripheral devices and 
inpuVoutput ports into the register address area. The ZS 
register address space RO through R15 is implemented as II 
16 groups of 16 registers per group (Figure 7). These 
register groups are known as the Expanded Register File 
(ERF). 

Bits 3-0 of the Register Pointer (RP) select the active ERF 
group. Bits 7-4 of register RP select the working register 
group (Figure 7). For the ZS6C03, three system configura
tion registers reside in the ERF address space Bank F. For 
the Z86C06, three system configuration registers reside in 
the ERF address space Bank F, while three SPI registers 
reside in Bank C. The rest of the ERF address space is not 
physically implemented and is open for future expansion. 

511/1023 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ 
11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

On-Chip 
ROM 

- - - - - - - - - - - -

" - IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

I"- IRQ2 

1---- IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 6. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

REGISTER POINTER 

l 1 16 15 14 13 l 2l 1I 0 1 
Working Register Expanded Register 

Grou Pointer Grou Pointer 

ZS Reg. File 

FF 
FO 

3F 

OFi--~~~~~~~~-1. 

oo.._~~~~~~~~""' 

Notes: 
General-purpose registers are undefined alter 
power-up, and they are not changed alter reset. 

*Will not be reset With a STOP-Mode Recovery 

U =Unknown 
t =Reserved 

* 
* 

* 

Z86C03/C06 CMOS 'lJ' 8-Brr CCP'" 
CONSUMER COKTROLLER PROCESSORS 

ZS STANDARD CONTROL REGISTERS 
RESET CONDITION 

REGISTER 

SPL u u u u u u 
GPA u u u u u u 

FD RP 0 0 0 0 0 0 

FC FLAGS u u u u u u 
FB IMR 0 u u u u u 
FA IRQ 0 0 0 0 0 0 

F9 IPR u u u u u u 
F8 P01M u u u 0 u u 
F7 P3M u u u u u u 
F6 P2M 1 1 1 1 1 1 

F5 Reserved 

F4 Reserved 

F3 PRE1 u u u u u u 
F2 T1 u u u u u u 
F1 TMR 0 0 0 0 0 0 

FO Reserved 

EXPANDED REG. GROUP (F) 
REGISTER RESET CONDITION 

(F) OF WDTMR u u u 0 1 1 

(F) OE Reserved 

(F)OO Reserved 

(F)OC Reserved 

(F) OB SMR 0 0 1 0 0 0 

(F)OA Reserved 

(F) 09 Reserved 

(F) 08 Reserved 

(F) 07 Reserved 

(F) 06 Reserved 

(F) 05 Reserved 

(F) 04 Reserved 

(F) 03 Reserved 

Reserved 

Reserved 

PCON 1 1 1 u u u 

EXPANDED REG. GROUP (0) 
REGISTER RESET CONDITION 

P3 t 1 1 1 u u 
P2 u u u u u u 
Reserved u u u u u u 
Reserved u u u u u u 

u u 

u u 
0 0 

u u 
u u 
0 0 

u u 
u u 
0 0 

1 1 

0 0 

u u 
0 0 

0 1 

0 t 

u 0 

u t 

u u 
u u 
u u 

Figure 7a. Expanded Register File Architecture (Z86C03) 
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REGISTER POINTER 

Working Register 
Grou Pointer 

OF 

00 

Notes: 

Expanded Register 
Grou Pointer 

General-purpose registers are undefined after 
power-up, and they are not changed alter reset. 

• Wiii not be reset with a STOP-Mode Recovery. 
••Will not be reset with a STOP-Mode Recovery, except DO. 

U =Unknown 
t =Reserved 

* 
* 

* 

** 

Z86C031C06 CMOS ZS' 8·8rr CCP" 
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Z8 STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

SPL u u u u u u 
GPA u u u u u u 
RP 0 0 0 0 0 0 

FC FLAGS u u u u u u 
FB IMR 0 u u u u u 
FA IRQ 0 0 0 0 0 0 

F9 IPR u u u u u u 
FB P01M u u u 0 u u 
F7 P3M u u u u u u 

F6 P2M 1 1 1 1 , 1 

F5 PREO u u u u u u 
F4 TO u u u u u u 
F3 PRE1 u u u u u u 
F2 Tl u u u u u u 
F1 TMR 0 0 0 0 0 0 

FO Reserved 

EXPANDED REG. GROUP (F) 
REGISTER RESET CONDITION 

(F)OF WOTMR u u u 0 1 1 

(F)OE Reserved 

(F)OO Reserved 

(F)OC Reserved 

(F)OB SMR 0 0 1 0 0 0 

(F)OA Reserved 

(F)09 Reserved 

(F)08 Reserved 

(F)07 Reserved 

(F)06 Reserved 

(F)05 Reserved 

(F)04 Reserved 

(F)03 Reserved 

Reserved 

Reserved 

PCON 1 1 , u u u 

EXPANDED REG. GROUP (C) 
REGISTER RESET CONDITION 

SCON u u u u 0 0 

RlcBUF u u u u u u 
SCOMP 0 0 0 0 0 0 

EXPANDED REG. GROUP (0) 
REGISTER RESET CONDITION 

P3 t , 1 1 u u 

P2 u u u u u u 
Reserved u u u u u u 
Reserved u u u u u u 

u u 

u u 
0 0 

u u 
u u 
0 0 

u u 
u u 
0 0 

1 1 

u 0 

u u 
0 0 

u u 
0 0 

0 1 

0 0 

u 0 

0 0 

u u 
0 0 

u t 
u u 
u u 
u u 

Figure 7b. Expanded Register Fiie Arehitoeturo (ZSGCOO) 
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FUNCTIONAL DESCRIPTION (Continued) 

R253 RP 

1~1~1~1~1001~1~1 00 1 I ...___ Expanded Register Group 

L.-------- Working Register Group 

registers directly or indirectly via an 8-bit address field. 
This allows a short 4-bit register address using the Regis
ter Pointer (Figure 9). In the 4-bit mode, the Register File is 
divided into 16 working register groups, each occupying 
16 continuous locations. The Register Pointer addresses 
the starting location of the active working-register group. 

Nollt: Default Setting After Reset= 00000000 

Figure 8. Register Pointer Register 

Register File. The Register File consists of two 1/0 port 
registers, 60/124 general-purpose registers, and 13/15 
control and status registers. The Z86C03 General-Pur
pose Register file ranges from address 00 to 3F while the 
Z86C06 General-Purpose Register file ranges from ad
dress 00 to 7F (see Figure 9). The instructions can access 

General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. Note: 
Register R254 has been designated as a general-purpose 
register. 

Stack. An 8-bit Stack Pointer (R255} used for the internal 
stack that resides within the 60/124 general-purpose reg
isters. 
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--+{ 
The upper nibble of the register file address 

u---- provided by the register pointer specifies 
the active working-register group 

7F 

70 
SF 

so 
5F 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 

OF 

00 

Z88C06 Only 

Z88C060nly 

Z86C080nly 

Z86C080nly 

SpecHied Working -Register Group -

Register Group 1 

Register Group o 
1------------l/O Ports 

• Expanded Register Group (0) Is salactacl 
In this figure by handling bits 00 to DO as 
'O' In Register R253 (RP). 

Figure 9. Register Pointer 

The lower nibble 
of the register 
file address 
provided by the 
instruction poims 
to the specified 
register 

} R15toRO 

::J- R15to R4 • 

::J- R3 to RO' 
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CounterfTlmers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler (Z86C03 only has T1). The T1 

prescaler can be driven by internal or external clock 
sources, however, the TO prescaler is driven by the internal 
clock only (Figure 10). 

Cloek 
Logic 

liN P31 

lntemal 
Clock 

Extemal Clock 

lntemal Cloek 
GatedCloek 
Triggered Cloek 

• Available only In the Z88C06 

PREO• 
Initial value 

Register 

6-Bit• 
Down 

Counter 

6-Blt 
Down 

Counter 

PRE1 
Initial value 

Register 

lntemal Data Bus 

Write 

Write 

10· 
Initial value 

Register 

8-bit. 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial value 

Register 

lntemal Data Bus 

Figure 10. CounterfTlmer Block Diagram 

10· 
Current value 

Register 

IRQ4/SPI* 

t-------lQuT 
P36 

T1 
Current V81ue 

Register 

IRQ5 
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FUNCTIONAL DESCRIPTION (Continued) 

The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When the counter 
reaches the end of count, a timer interrupt request, IRQ4 
(TO) or IRQ5 (T1 ), is generated. Note that IRQ4 is software
generated in the Z86C03. 

The counters are programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter-

Z86CO&'Cll6 CMOS 11' a.err ccp· 
Cora.lllER CONTRoWR PROCESSORS 

nal signal input via Port 3. The Timer Mode register config
ures the external timer input (P31) as an external clock, a 
trigger inputthat can be retriggerable or non-retriggerable, 
or as a gate input for the internal clock. Port 3, line P36 
serves as a timer output (Tour> through which TO (C06 only), 
T1 , or the internal clock can be output. The counter/timers 
can be cascaded by connecting the TO output to the input 
of T1 (C06 only). The T1N mode is enabled by setting PRE1 
bit 01 (R243) to 0. 

Interrupts. The Z86C03/C06 has six different interrupts 
from six different sources. The interrupts are maskable and 
prioritized (Figure 11). The six sources are divided as 
follows; three sources are claimed by Port 3 lines P31-P33, 
two sources in the counter/timers, and one source for the 
SPI. The Interrupt Mask Register globally or singularly 
enables or disables the six interrupt requests (Table 2). 

IRQO IRQ2 

IRQ1,3, 4, 5 
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Interrupt 
Request 

Global 
Interrupt 
Enable 

Interrupt 
Edge 
Select 

Vector Select 

Figure 11. Interrupt Block Diagram 

IRQ(06, 07) 
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Table 2. Interrupt Types, Sources, and Vectors 

Name 

IRQO 
IRQ 1 
IRQ 2 

IRQ3* 
IRQ4 
IRQ5 

Note: 

Source 

IRQO 
IRQ 1 

IRQ 2, T,N 

IRQ3 
TO/IRQ 4 

Tl 

Vector Location 

0, 1 
2,3 
4,5 

6, 7 
8,9 

10, 11 

Comments 

External (P32), Rising/Falling Edge Triggered 
External (P33), Falling Edge Triggered 
External (P31), Rising/Falling Edge Triggered 

Software Generated, SPI Receive 
Internal for C06 and Software Generated for C03 
Internal 

• In the Z86CD6, the SPI receive interrupt is mapped to IRQ3 when enabled. 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. An interrupt ma
chine cycle is activated when an interrupt request is 
granted. This disables all subsequent interrupts, saves the 
Program Counter and Status Flags, and then branches to 
the program memory vector location reserved for that 
interrupt. All ZB6C03/C06 interrupts are vectored through 
locations in the program memory. This memory location 
and the next byte contain the 16-bit starting address of the 
interrupt service routine for that particular interrupt re
quest. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests need 
service. In the ZB6C06, when the SPI is disabled, IRQ3 has 
no hardware source but can be invoked by software (write 
to IRQ3 Register). When the SPI is enabled, an interrupt will 
be mapped to IRQ3 after a byte of data has been received 
by the SPI Shift Register. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling, or both edge trig
gered, and are programmable by the user. The software 
can poll to identify the state of the pin. 

The programming bits for the INTERRUPT EDGE SELECT 
are located in the IRQ register (R250), bits 07 and 06. The 
configuration is shown in Table 3. 

Table 3. IRQ Register 

IRQ 
07 D6 

0 
0 
1 
1 

Notes: 
F = Falling Edge 
R = Rising Edge 

0 
1 
0 
1 

Interrupt Edge 
P31 P32 

F 
F 
R 
R/F 

F 
R 
F 
R/F 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86C03/C06 on-chip oscillator has a high
gain, parallel-resonant amplifier for connection to a crys
tal, RC, ceramic resonator, or any suitable external clock 
source (XTAL 1 = Input, XTAL2 = Output). The crystal 
should be AT cut, 10 kHz to 8 MHz/12 MHz max, with a 
series resistance (RS) less than or equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XT AL2 
using the vendor's recommended capacitor values (ca
pacitance between 10 pF to 300 pF) from each pin directly 
to the device ground (pin 14). The layout is important to 
reduce ground noise injection. 

XTAL1 XTAL1 

C1 I C1I 
L -= -=-

XTAL2 XTAL2 

C2I C2I 

-= -=-

Ceramic Resonator or LC 
Crystal C1, C2 =22pF 
C1, C2 = 47 pFTYP * 

L=130µH* F=8MHz 
F= 3 MHz 

* Preliminary 'klue Including Pin Parasitics 

Z86C031C06 CMOS ZS' 8-Brr ccp• 
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The RC oscillator option is mask-programmable, to be 
selected by the customer at the time ROM code is submit
ted. The RC oscillator configuration must be an external 
resistor connected from XTAL 1 to XTAL2, with a fre
quency-setting capacitor from XTAL 1 to ground (Figure 
12). The AC value vs. Frequency curves are shown in 
Figures 57 and 58. 

In addition, a special feature has been incorporated into 
the Z86C03/C06; in low EMI noise mode (bit 7 of PCON 
register=O) with the RC option selected, the oscillator is 
targeted to consume considerately less lcc current at 
frequencies of 10 kHz or less. 

C1 I 
R 

RC 
@ 5V Vee (TYP) 

C1=33pF* 
R= 1k0* 
F=9.5 MHz 

XTAL1 

XTAL2 

External Clock 

Figure 12. Osclllator Configuration 

Power-On Reset. A timer circuit clocked by a dedicated 
on-board RC oscillator is used for the Power-On Reset 
(POR) timer function. The POR time allows V cc and the 
oscillator circuit to stabilize before instruction execution 
begins. The POR timer circuit is a one-shot timer triggered 
by one of the three conditions: 

• Power-Fail to Power-OK Status 

• STOP-Mode Recovery (If 05 of SMR=1) 

• WDT Timeout 
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The POR time is a nominal 5 ms. Bit 5 of the STOP Mode 
Register determines whether the POR timer is bypassed 
after STOP-Mode Recovery (typical for external clock, and 
RC/LC oscillators with fast start up time). 

HALT. A Halt instructions will turn off the internal CPU clock 
but not the XT AL oscillation. The counter/timers and exter
nal interrupts IRQO, IRQ1, and IRQ2 remain active. The 
device may be recovered by interrupts either externally or 
internally generated. 



STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent. The STOP mode is terminated by a RESET only, either 
by WDTtimeout, POR, SPI compare; or SMR recovery. This 
causes the processor to restart the application program at 
address OOOC (HEX). Note, the crystal remains active in 
STOP mode if bits 3 and 4 of the WDTMR are enabled. In 
this mode, only the Watch-Dog Timer runs in STOP mode. 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user executes 
a NOP (opcode=FFH) immediately before the appropriate 
sleep instruction, i.e.: 

FF NOP 
6F STOP 
or 
FF NOP 
7F HALT 

clear the pipeline 
enter STOP mode 

clear the pipeline 
enter HALT mode 

Serial Peripheral Interface (SPl)-Z86C06 Only. The 
Z86C06 incorporates a serial peripheral interface for com
munication with other microcontrollers and peripherals. 
The SPI does not exist on the Z86C03. The SPI includes 
features such as STOP-Mode Recovery, Master/Slave 
selection, and Compare mode. Table 4 contains the pin 
configuration forthe SPI feature when it is enabled. The SPI 
consists of four registers: SPI Control Register (SCON), SPI 
Compare Register (SCOMP), SPI Receive/Buffer Register 
(RxBUF), and SPI Shift Register. SCON is located in bank 
(C) of the Expanded Register Group at address 02. 

Table 4. Z86C06 SPI Pin Configuration 

Name Function Pin Location 

DI Data-In P20 
DO Data-Out P27 
SS Slave Select P35 
SK SPI Clock P34 

The SPI Control Register (SCON) (Figure 13) is a read/write 
register that controls; Master/Slave selection, interrupts, 
clock source and phase selection, and error flag. Bit 0 
enables/disables the SPI with the default being SPI dis
abled. A 1 in this location will enable the SPI, and a 0 will 
disable the SPI. Bits 1 and 2 of the SCON register in Master 
mode select the clock rate. The user may choose whether 
internal clock is divide-by-2, -4, -8, or -16. In slave mode, 
Bit 1 of this register flags the user if an overrun of the RxBUF 
Register has occurred. The RxCharOverrun flag is only 
reset by writing a 0 to this bit. In slave mode, bit 2 of the 
Control Register disables the data-out 1/0 function. If a 1 is 

Z86C031C06 CMOS zat 8-Brr ccp· 
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written to this bit, the data-out pin is released to its original 
port configuration. If a 0 is written to this bit, the SPI shifts 
out one bit for each bit received. Bit 3 of the SCON Register 
enables the compare feature of the SPI, with the default 
being disabled. When the compare feature is enabled, a 
comparison of the value in the SCOMP Register is made 
with the value in the RxBUF Register. Bit 4 signals that a 
receive character is available in the RxBUF Register. 

SCON(C)02 

L 

c 
(S) Used with Bit D7 equal to O 
(M) Used with Bit D7 equsl to 1 

• Default Setting After Reset. 

SPI Enable 
0 Disable* 
1 Enable 

RxCharOverrun (S) 
O Reset 
1 Overrun 

ClK Divide (M) 
00 TCLK/2 
01 TCLK/4 
10 TCLK/8 
11 TCLK/16 

DO SPI Port Enable (S) 
0 SPI DO Port Enabled 
1 OOPorttol/O 

cgmln~~1;nable 
1 Disable* 

RxCharAvail 
o Reset 
1 Char. Avail. 

Clock Phase 
O Trans/Fall 
1 Trans/Rise 

CLKSource 
0 TCLK 
1 Timer O Output 

Master Slave 
o Slave 
1 Master 

Figure 13. SPI Control Register (SCON) 
{Z86C06 Only) 

If the associated IRQ3 is enabled, an interrupt is gener
ated. Bit 5 controls the clock phase of the SPI. A 1 in Bit 5 
allows for receiving data on the clock's falling edge and 
transmitting data on the clock's rising edge. A 0 allows 
receiving data on the clock's rising edge and transmitting 
on the clock's falling edge. The SPI clock source is defined 
in bit 6. A 1 uses TimerO output for the SPI clock, and a 0 
uses TCLK for clocking the SPI. Finally, bit 7 determines 
whether the SPI is used as a Master or a Slave. A 1 puts the 
SPI into Master mode and a 0 puts the SPI into Slave mode. 
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FUNCTIONAL DESCRIPTION (Continued) 

SPI Operation (Z86C06 only). The SPI is used in one of 
two modes: either as system slave, or as system master. 
Several of the possible system configurations are shown in 
Figure 14. In the slave mode. data transfer starts when the 
slave select (SS) pin goes active. Data is transferred into 
the slave's SPI. Shift Register through the DI pin, which has 
the same address as the RxBUF Register. After a byte of 
data has been received by the SPI Shift Register, a 
Receive Character Available (RCNIRQ3) flag and inter
rupt is generated. The next byte of data will be received at 
this time. The RxBUF Register must be cleared, or a 
Receive Character Overrun (RxCharOverrun) flag will be 
set in the SCON Register, and the data in the RxBUF 
Register will be overwritten. When the communication 
between the master and slave is complete, the SS goes 
inactive. 

Unless disconnected, for every bit that is transferred into 
the slave through the DI pin, a bit is transferred out through 
the DO pin on the opposite clock edge. During slave 
operation, the SPI clock pin (SK) is an input. In master 
mode, the CPU must first activate a SS through one of it's 
1/0 ports. Next, data is transferred through the master's DO 
pin one bit per master clock cycle. Loading data into the 
shift register initiates the transfer. In master mode, the 
master's clock will drive the slave's clock. At the conclu
sion of a transfer, a Receive Character Available (RCN 
IRQ3) flag and interrupt is generated. Before data is 
transferred via the DO pin, the SPI Enable bit in the SCON 
Register must be enabled. 
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SPI Compare (Z86C06 only). When the SPI Compare 
Enable bit, D3 of the SCON Register is set to 1, the SPI 
Compare feature is enabled. The compare feature is only 
valid for slave mode. A compare transaction begins when 
the (SS) line goes active. Data is received as if it were a 
normal transaction, but there is no data transmitted to 
avoid bus contention with other slave devices. When the 
compare byte is received, IRQ3 is not generated. Instead, 
the data is compared with the contents of the SCOMP 
Register. If the data does not match, DO remains inactive 
and the slave ignores all data until the (SS) signal is reset. 
If the data received matches the data in the SCOMP 
register, then a SMR signal is generated. DO is activated 
if it is not tri-stated by D2 in the SCON Register, and data 
is received the same as any other SPI slave transaction. 

When the SPI is activated as a slave, it operates in all 
system modes; STOP, HALT, and RUN. Slaves' not com
paring remain in their current mode, whereas slaves' 
comparing wake from a STOP or HALT mode by means of 
anSMR. 

SPI Clock (Z86C06 only). The SPI clock maybe driven by 
three sources: TimerO, a division of the internal system 
clock, or the external master when in slave mode. Bit 06 of 
the SCON Register controls what source drives the SPI 
clock. A o in bit D6 of the SCON Register determines the 
division of the internal system clock if this is used as the SPI 
clock source. Divide by 2, 4, 8, or 16 is chosen as the 
scaler. 



Standard Serlal Setup 

Standard Parallel Setup 

ss1 
ss2 --+-----. 

I :=-...... ----+------+----..... 
sk--+------+-------+------+--. 
®--+-+---II>---+-+-...... .._--+--+-~---+--+---. 
di .--t--t-1....+--+-+-....+---+--+-.....,1---+--+-i 

Setup For Compare 

(1) (2) (255) (256) 

Up to 256 slaves per SS line 

Three Wire Compare Setup 

I sk 
®I--+-+----+-+----'~-+--+----+-+---. 

di-+-+.... 

Multiple slaves may have 1he same address. 

Figure 14. SPI System Configuration (Z86C06 Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

Receive Character Available and Overrun (Z86C06 
Only). When a complete data stream is received, an 
interrupt is generated and the RxCharAvail bit in the SCON 
Register is set. Bit 4 in the SCON Register is for enabling 
or disabling the RxCharAvail interrupt. The RxCharAvail bit 
is available for interrupt polling purposes and is reset when 
the RxBUF Register is read. RxCharAvail is generated in 
both master and slave modes. While in slave mode, if the 
RxBUF is not read before the next data stream is received 
and loaded into the RxBUF Register, Receive Character 
Overrun (RxCharOverrun) occurs. Since there is no need 

SK 

SS 

co 

DI 

Z86CO!IC06 CMOS 'Z8' HIT ccp• 
CONsUllER CONTROWR PllocEssORS 

for clock control in slave mode, bit D1 in the SPI Control 
Register is used to log any RxCharOverrun (Figure 15 and 
Figure 16). 

No Parameter Min Units 

1 DI to SK Setup 10 ns 
2 SK to DO Valid 15 ns 
3 SS to SK Setup .5Tsk ns 
4 SS to DO Valid 15 ns 
5 SK to DI Hold Time 10 ns 

Figure 15. SPI Timing (Z86C06 Only} 
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Bit Counter 
/Interrupt 
Control 

SPI Compare Register (SCOMP) Port 
Control 

SK 

00 

DI 

SS 

SMR 

SPI Shift Register 

SPI Receive Buffer (RxBUF) 

SPI Control 

IRQ3 

SPI 
Clock 

TCLK SCLK+n 

Figure 16. SPI Logic (Z86C06 Only) 

PORT Configuration Register (PCON). The PCON con
figures the ports individually for comparator output on Port 
3, low EMI noise on Ports 2 and 3, and low EMI noise 
oscillator. The PCON Register is located in the Expanded 
Register File at bank F, location 00 (Figure 17). 

Comparator Output Port 3 (DO). Bit 0 controls the com
parator used in Port 3. A 1 in this location brings the 
comparator outputs to P34, and P35 and a 0 releases the 
Port to its standard 1/0 configuration. 

Bits 04-01. These bits are reserved and must be 1. 

Low EMI Port2 (05). Port 2 is configured as a Low EMI Port 
by resetting this bit (05=0) or configured as a Standard 
Port by setting 05= 1. The default value is 1. 

Low EMI Port3 (06). Port 3 is configured as a Low EM I Port 
by resetting this bit (06=0) or configured as a Standard 
Port by setting 06=1. The default value is 1. 

Low EMI OSC (07). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive. While a 0 configures the 
oscillator with low noise drive, it does not affect the relation
ship of SCLK and XTAL. 

PCON (F)OO 

lrolool~l~loolool~lool 

0 P34, P35 Standard Output' I Comparator Output Port 3 

1 P34, P35 Comparator Output 

Reserved (Must be 1) 

0 Port 2 Low EMI 
1 Port 2 Standard" 

'---------- 0 Port3 Low EMI 
1 Port 3 Standard' 

'----------- LowEMI Oscillator 
OLowEMI 
1 Standard" * Default setting after RESET 

Figure 17. Port Configuration Register (PCON) 
(Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of 
STOP-Mode Recovery (Figure 18). All bits are Write Only 
except bit 7, which is Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of a STOP recovery and 
reset on a power-on cycle. Bit 6 controls whether a low 
level or high level is required from the recovery source. The 
recovery level must be active Low to work with SPI. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4 of 
the SMR specify the source of the STOP-Mode Recovery 
signal. Bit 1 determines whether the XTAL is divided by 1 
or 2. A 0 in this location uses XT AL divide-by-two, and a 1 
uses XTAL. The default for this bit is XTAL divide-by-two. 
Bit O controls the divide-by-16 prescaler of SCLK/TCLK. 
The SMR is located in bank F of the Expanded Register 
Group at address OBH. 

SMR (F)OB 

1001~1~1~1~1~1~1001 E Rasarved (MustbeO) 

Exlemal Clock DMde MOde 
0 • SCLKITCLK • ExlemaV2* 
1 • SCLK/TCLK • ExlemaV1 

Stoll MOde Recovery Source 

* Defautt setting after RESET 

000 POR Only • 
001-100 Reeerved 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

Stop Delay 
OOFF 
10N" 

Stop Recovery Level 
0 Lowl.evel. 
1 Hlghlevel 

Stop Flag 
0 POR* 
1 Stop Recovery 

Figure 18a. STOP-Mode Recovery Register 
(Write Only except bit 07, which Is Read Only.) 

(Z86C03) 
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SMR (F)OB 

Z86CO&'C06 CMOS ~ IJ.llrr CCP'" 
CONSUIER CONTRoLLER PRocEssoRS 

SCLK/TCLK Divlde-by-16 
OOFF"* 
10N 

Extemal Clock Divide Made 
0 • SCLK/TCLK • ExlemaV2* 
1 = SCLK/TCLK " ExtamaV1 

'------- Stop MOde Rac:ovSIY Source 
000 POR Only* • 
001 POROnly 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

~~~y 
10N* 
Stop Recovery Level 
0 Low level. 
1 Hlghlevel 

Stop Flag 
0 POR• 

Notel: 1 Stop Recovery 
* Defautt setting after RESET. 

•• Dafautt setting after RESET and STOP-MOda Recovery. 

Figure 18b. STOP-Mode Recovery Register 
(Write Only except bit 07, which Is Read Only.) 

(Z86C06) 

SCLK/TCLK Olvlde-by·16 Select (DO)-Z86C06 Only. 
DO of the SMR controls a divide-by-16 prescaler of SCLK/ 
TCLK. The purpose of this control is to selectively reduce 
device power consumption during normal processor ex
ecution (SCLK control) and/or HALT mode (where TCLK 
sources the counter/timers and interrupt logic). 

External Clock Divide Mode (D1). This bit can eliminate 
the oscillator divide-by-two circuitry. When this bit is 0, 
SCLK (System Clock) and TCLK (Timer Clock) are equal to 
the external clock frequency divided by two. The SCLK/ 
TCLK is equal to the external clock frequency when this bit 
is set (01=1). Using this bit, together with 07 of PCON, 
helps further lower EMI [i.e., 07 (PCON)=O, 01 (SMR=1]. 
The default setting is 0. 



STOP-Mode Recovery Source (D2,D3,D4). These three 
bits of the SMR specify the wake-up source of the STOP
Mode Recovery (Figure 19 and Table 5). 

Table 5. STOP-Mode Recovery Source 

SMR Operation 
D4 D3 D2 Description of Action 

0 0 0 POR recovery only 
0 0 1 POR recovery only (C03 = Reserved) 
0 1 0 P31 transition (C03 = Reserved) 
0 1 1 P32 transition (C03 = Reserved) 

0 0 P33 transition (C03 = Reserved) 
0 1 P27 transition 
1 0 Logical NOR of Port 2 bits 0:3 
1 1 Logical NOR of Port 2 bits 0:7 

P31-P33 cannot wake up from STOP Mode if the input lines 
are configured as analog inputs. In the Z86C06, when the 
SP! is enabled and the Compare feature is active, a SMR 
is generated upon a comparison in the SPI Shift Register 
and SCOMP Register, regardless of the above SMR Reg-

SMR 04 03 02 
0 0 0 

Z86C03/C06 CMOS ZS' B·BIT CCPn 
CONSUMER CONTROLLER PROCESSORS 

ister settings. If SP! Compare is used to wake up the part 
from STOP Mode, it is still possible to have one of the other 
STOP-Mode Recovery sources active. Note: These other 
STOP- Mode Recovery sources have to be active level Low 
(bit 06 in SMR set to 0 if P31, P32, P33, and P27 selected, 
or bit 06 in SMR set to 1 if logical NOR of Port 2 is selected). 

STOP-Mode Recovery Delay Select (D5). This bit dis- II 
ables the 5 ms RESET delay after STOP-Mode Recovery. 
The default condition of this bit is 1. If the 'fast' wake up is 
selected, the STOP-Mode Recovery source needs to be 
kept active for at least 5 TpC. 

STOP-Mode Recovery Level Select (D6). A 1 in this bit 
position indicates that a high level on any one of the 
recovery sources wakes the device from STOP Mode. A 0 
indicates low level recovery. The default is 0 on POR 
(Figure 19). 

Cold or Warm Start (D7). This bit is set by the device upon 
entering STOP Mode. It is active High, and is 0 (cold) on 
POR/WOT RESET. This bit is Read Only. A 1 in this bit 
(warm) indicates that the device awakens by a SMR 
source. 

VOO 

SMR 04 03 02 
1 0 1 

SMR 04 03 02 
1 1 0 

SMR 04 03 02 
1 1 1 

P27 

ToPOR 

~~~~~~~~~~~~~~~~~~~~~~~~~--t~ 
Stop Mode Recovery Edge 
Select (SMR) 

Figure 19a. STOP-Mode Recovery Source (Z86C03) 
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FUNCTIONAL DESCRIPTION (Continued) 

SMR D4 D3 02 

0 0 1 C 0 0 
SMR D4 D3 02 SMR 04 03 02 SMR D4 03 02 

VOO 
010 100 101 

p31• 
P32 

0 1 1 

P33" 

Stop Mode Recovery Edge 
Select (SMR) 

P33 From Pads 

DlgltaVAnalog Mode 
Select (P3M) 

P27 

·N-: P31, P32 and P33 ara not In Analog Mode. 

SMR D4 03 02 
1 1 0 

Z86COOIC06 CMOS 1.8' 8-Brr ccp• 
CONSUMER CONTROUER PAocEssoRs 

SPI 

lb P33 Data 
Latoh and IRQ1 

Figure 19b. STOP-Mode Recovery Source (Z86C06) 

Watch-Dog Timer Mode Register (WDTMR). The WOT is 
a retriggerable one-shot timer that resets the ZS if it 
reaches its terminal count. The WOT is initially enabled by 
executing the WOT instruction and refreshed on subse
quent executions of the WOT instruction. The WOT cannot 
be disabled after it has been initially enabled. The WOT 
circuit is driven by an on-board RC oscillator or external 
oscillator from XTAL 1 pin. The POR clock source is se
lected with bit 4 of the WOTMR register. 

Note: Execution of the WOT instruction affects the Z (zero), 
S (sign), and V (overflow) flags. 

Bits O and 1 control a tap circuit that determines the timeout 
period (on Z86C06 only). Bit 2 determines whether the 
WOT is active during HALT and bit 3 determines WOT 
activity during STOP. If bits 3 and 4 of this register are both 
set to 1, the WOT is only driven by the external clock during 
STOP mode. This feature makes it possible to wake up 
from STOP mode from an internal source. Bits 5 through 7 
of the WOTMR are reserved (Figure 20). Note: This 
register ls accessible only during the flrst64 processor 
cycles (12BXTAL clocks) from the execution of the first 
instruction after Power-On Reset, Watch-Dog Reset or 
a STOP ModeRecovery(Flgure21). After this point, the 
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register cannot be modified by any means, intentional 
or otherwise. The WDTMR cannot be read and Is lo
cated In bank F of the Expanded Register Group at 
address location OFH. 

WDTMR (F)OF 

'~i±"'""·r·, .. , ~W't ~·"'"' ,,.,_ ... 
00 5 512TpC 
01• 1s• 1024TpC 
10 25 2048 TpC 
11 100 8192TpC 

WOT During HALT 
0 OFF 
1 ON* 

----- WDTOuring STOP 
0 OFF 
1 ON* 

....._ _____ XTAL1/INT RC Select forWDT 

0 On-Board RC • 
1 XTAL 

....._ _______ Reserved (Must be O) 

• Default setting after RESET 
t Must be 01 for Z88C03 

Figure 20. Watch-Dog Timer Mode Register 
(Write Only) 



•21Ul6 

4Clock ------ir--------------
Filter • Clear 18 Clock RESET 

----1 CLK Generator• 
RESET 

..... ~~~~~~~~~~--' 

WOT Select• 
(WDTMR) >------~-----"'---l ___ w"'o_T_TA"'P_s_E"'LE_cr_ 

CLKSource 
Select 

(WDTMR) 

XTAL 

Vee. 

2VREF 

From Stop 
Mode 

Recovery 
Source 

Internal 
RC 

osc. 

2VOperatlng 
Voltage Det. 

12 ns Glitch Filter 

WOT >---------' 

5rnsPOR 
CLK 

CLR 

Stop Delay >-------------' 
Select (SMR) 

Srns 15ms 25ms 100ms 

WDT/POR Counter Chain 

• Not avallable on the Z88C03, WOT fixed at 15 ms/1024TpC in the Z88C03. 

Figure 21. Resets and WOT 

Z86C031C06 CMOS 'a 8-BIT cep• 
CONSUllER CONTROLLER PRocEssoAs 

Internal 
RESET 
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FUNCTIONAL DESCRIPTION (Continued) 

WDT Time Select (D1, DO). Bits O and 1 control a tap 
circuit that determines the time-out period. Table 6 shows 
the different values that can be obtained. The default value 
of DO and 01 are 1 and 0, respectively. These select bits 
are present in the Z86C06 only. 

Table 6. Time-Out Period of the WDT (Z86C06 Only) 

Time-Out of Time-Out of 
D1 DO lntemal RC osc XTAL Clock 

0 
0 
1 
1 

Notes: 

0 
1 
0 
1 

TpC = XTAL clock cycle 

5msmin 
15 ms min 
25msmin 
100msmin 

The default on reset is 15 ms, DO= 1 and 01 = o. 
See Rgures 53 to 56 for details. 
The values given are for V00 = 5.0V. 

256TpC 
512TpC 
1024TpC 
4096TpC 

For the Z86C03, the WOT time-out value is fixed at 1024 TpC (depending 
on WOTMR bit 04) period. When writing to the WOTMR in the Z86C03, bit 
DO must be 1 and 01 must be 0. 

WDT During HALT (D2). This bit determines whether or 
not the WOT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1. 

1-26 

Z86COOIC06 CMOS 1.8' II-Brr ccp• 
CoNsulER CON1ROWR PRoCESSORS 

WDT During STOP (D3). This bit determines whether or 
not the WOT is active during STOP mode. Since XTAL 
clock is stopped during STOP Mode, unless as specified 
below, the on-board RC must be selected as the clock 
source to the POR counter. A 1 indicates active during 
STOP. The default is 1. If bits 03 and 04 are both set to 1, 
the WOT only, is driven by the external clock during STOP 
mode. 

Clock Source for WDT (D4). This bit determines which 
oscillator source is used to clock the internal POR and WOT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WOT clock source is driven 
from the external pin, XT AL 1. The default configuration of 
this bit is 0, which selects the internal RC oscillator. 

Bits 5, 6 and 7. These bits are reserved. 

V cc Voltage Comparator. An on-board Voltage Compara
tor checks that V cc is at the required level to ensure correct 
operation of the device. Reset is globally driven if V00 is 
below the specified voltage (typically 2.1V). 



Low Voltage Protection (VLv>· The Low Voltage Protec
tion trip point (V Lv) will be less than 3 volts and above 1.4 
volts under the following conditions. 

Maximum (VLv) Conditions: 

Case 1: TA = -40° to +105°C, Internal Clock (SCLK) 
Frequency equal or less than 1 MHz 

Case 2: TA= -40° to +85°C, Internal Clock (SCLK) Fre
quency equal or less than 2 MHz 

Note: The internal clock frequency (SCLK) is determined by SMR (F) 
OBH bit 01. 

Vee 3.4 
(Volts) 

3.2 

3.0 

2.8 

~ 
N 
~ 

' N 

Z86C03/C06 CMOS 7.8' 8-Brr ccp· 
CoNSUMER CoNTROLLER PROCESSORS 

The device functions normally at or above 3.0V under all 
conditions. Below 3.0V, the device is guaranteed to func
tion normally until the Low Voltage Protection trip point (V Lv) 
is reached, for the temperatures and operating frequen
cies in cases 1 and 2 above. The actual low voltage trip 
point is a function of temperature and process parameters 
(Figure 22). 

2.6 

"J 
~ 

VLV (Typical) 

2.4 

2.2 

""'i 

~ 

""' ~ 2.0 
-60 -40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Figure 22. Typical Z86C03/C06 VLv Voltage vs Temperature 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage* --0.3 +7.0 v 
VIHM Max Input Voltage** 12 v 
TSTG Storage Temp -65 +150 oc 
TA Oper Ambient Temp t oc 
Notes: 
• Voltage on all pins with respect to GND. 
•• Applies to Port pins only and must limit current 

going Into or out of Port pins to 2501JA maximum. 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 23). 

CAPACITANCE 

Z86C03fC06 CMOS Z8" a.err CCP'" 
CoNSUMER CONTROUER PROCESSORS 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Figure 23. Test Load Configuration 

TA= 25° C, Vee= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input Capacitance 
Output Capacitance 
1/0 Capacitance 

Vee SPECIFICATION 
Vee= 3.0V to 5.5V 
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Min 

0 
0 
0 

Max 

12 pF 
20 pF 
25 pF 



't'2.H.!J6 Z86C03/C06 CMOS 'Zr' 8-BIT CCP'" 
CONSUMER CON1ROLLER PROCESSORS 

DC ELECTRICAL CHARACTERISTICS 
Z86C03/C06 

TA= 0°C TA=-40°C 
Vee to +70°C to +105°C Typical 

Symbol Parameter Note (31 Min Max Min Max @25°C Units Conditions Noles 

II veH Clock Input High 3.0V 0.9 Vee vee-+0.3 0.9Vee Vec-+D.3 2.4 v Driven by External 
Voltage Clock Generator 

5.5V 0.9Vce vee-+0.3 0.9Vec vce-+D.3 3.9 v Driven by External 
Clock Generator 

vel Clock Input Low 3.0V Vss--0.3 0.2 Vee Vss--0.3 0.2 Vee 1.6 v Driven by External 
Voltage Clock Generator 

5.5V Vss--0.3 0.2 Vee Vss--0.3 0.2 Vee 2.7 v Driven by External 
Clock Generator 

VIH Input High Voltage 3.0V 0.7 Vee vee-+0.3 0.7Vee vee-+D.3 1.8 v 
5.5V 0.7 Vee vee-+D.3 0.7Vee vee-+0.3 2.8 v 

v,l Input Low Voltage 3.0V Vss--0.3 0.2Vee Vss--0.3 0.2 Vee 1.0 v 
5.5V Vss--0.3 0.2Vee Vss--0.3 0.2 Vee 1.5 v 

VOH Output High Voltage 3.0V vee--0.4 Vec--0.4 3.1 v l0H=-2.0mA [10] 
5.5V Vec--0.4 vec--0.4 4.8 v l0H=-2.QmA [10] 

VOL1 Output Low Voltage 3.0V 0.8 0.8 0.2 v l0L =+4.0 mA [10] 
5.5V 0.4 0.4 0.1 v IOL =+4.0 mA [10] 

VOl1 Output Low Voltage 3.0V 1.0 1.0 0.4 v l0L =+6 mA, (10] 
3 Pin Max 

5.5V 1.0 1.0 0.5 v IOL =+12mA, [10] 
3 Pin Max 

V OFFSET Comparator Input 3.0V 25 25 10 mv 
Offset Voltage 5.5V 25 25 10 mV 

VICR Input Common 3.0V av vee-1.0V ov Vec-1.5v [7] 
Mode Voltage Range 5.5V av Vce-1.0V ov vcc-1.5v [7] 

1,l Input Leakage 3.0V -1.0 1.0 -1.0 1.0 ~ V1N=0V,Vec 
(Input bias current 5.5V -1.0 1.0 -1.0 1.0 ~ v,N= OV, Vee 
of comparator) 

IOL Output Leakage 3.0V -1.0 1.0 -1.0 1.0 ~ V1N=0V, Vee 
5.5V -1.0 1.0 -1.0 1.0 ~ V1N=0V, Vee 

Ice Supply Current 3.2V 8.0 ~ @32kHz [13] 
3.0V 6 6 3.0 mA @8MHz (4,5,10] 
5.5V 11.0 11.0 6.0 mA @8MHz [4,5,10] 
3.0V 8.0 8.0 4.5 mA @12 MHz (4,5,10,11] 
5.5V 15 15 9.0 mA @12 MHz [4,5,10,11] 
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DC ELECTRICAL CHARACTERISTICS 
Z86C03/C06 

TA .. 0°c TA•-40°C 
Vee to +70°C lo +105°C Typlcal 

Symbol Parameter Note [31 Min Max Min Max @25°C Units Conditions Notes 

ICC1 Standby Current 3.0V 3.0 3.0 1.3 mA HALT Mode V,N = OV, [4,5,10] 
Vcc@BMHz 

5.5V 5 5 3.0 mA HALT ModeV,N = OV, (4, 5,10] 

3.0V 4.5 4.5 2.0 mA 
Vcc@BMHz 
HALT Mode V1N = OV, 
Vcc@12 MHz 

[4, 5,10,11] 

5.5V 7.0 7.0 4.0 mA HALT Mode Vw = OV, [4, 5,10,11] 
Vcc@12MHz 

3.0V 1.4 1.4 0.7 mA Clock Divide-by-16 (4, 5,10] 
@BMHz 

5.5V 3.5 3.5 2.0 mA Clock Divide-by-16 [4, 5,10] 
@BMHz 

3.0V 2.0 2.0 1.0 mA Clock Divide-by-16 [4, 5,10,11] 
@12 MHz 

5.5V 4.5 4.5 2.5 mA Clock Divide-by-16 (4, 5,10,11] 
@12MHz 

ICC2 Standby Current 3.0V 10 20 1.0 µA STOP Mode V,N= OV, (6, 9] 
Vee WOT is not Running 

5.5V 10 20 3.0 µA STOP Mode V1N = OV, [6, 9] 
V cc WOT is not Running 

3.0V 600 600 400 µA STOP Mode V1N = OV, (6, 9,12] 
V cc WOT is Running 

5.5V 1000 1000 800 µA STOP Mode V,N = av, (6, 9,12) 
V cc WOT is Running 

!ALL Auto Latch Low 3.0V 7.0 14.0 4.0 µA aV <V1N<Vcc 
Current 

5.5V 20.0 30.0 10 µA av <V1N<Vcc 

IALH Auto Latch High 3.0V -4.0 -8.0 -2.0 µA aV < V1N<Vcc 
Current 5.5V -9.0 -16.0 --5.0 µA av< v,N< Vee 

VLV V cc Low Voltage 1.50 2.95 1.2 2.95 2.1 v 2 MHz max Ext. CLK Freq. [3) 
Protection Voltage 

Notes: 
[1] ICC, Typ Max Unit Freq [7] For analog comparator inputs when analog 

Clock Driven on XTAL 0.3 5.0 mA 8MHz comparators are enabled. 
Crystal or Ceramic Resonator 3.0 5.0 mA 8MHz [8] Excludes clock pins. 

[2] Vss =OV = GND [9] Clock must be forced Low when XTAL 1 is clock-driven 
[3] Vee= 3.0V to 5.5V. The VLv increases as the temperature and XTAL2 is floating. 

decreases. Typical values measured at 3.3V and 5.0V. [10] STD mode (not low EMI mode). 
[4] All outputs unloaded, 1/0 pins floating, inputs at rail. [ 11] Z86C06 only 
[5] C" = C" = 100 pF [12] Internal RC is WOT clock source. 
[6] Same as note [4] except inputs at V0,. [13] C,1 = 100 pF, Cl.2 = 220 pF 
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Clock~ Setup 

11 

Source 

~ f ® 

Figure 24. Additional Timing 

AC ELECTRICAL CHARACTERISTICS 
(SCLK/TCLK = EXTERNAU2) 

TA= 0°C to +70°C TA =-40°C to +105°C 
Vee 8 MHz 1111 12 MHz 1111 8 MHz1111 12MHz 1111 

No Symbol Parameter Note 131 Min Max Min Max Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 DC 83 DC 125 DC 83 DC ns [1,7] 
5.5V 125 DC 83 DC 125 DC 83 DC ns [1,7] 

2 TrC,TIC Clock Input Rise 3.0V 25 15 25 15 ns [1,7] 
and Fall Times 5.5V 25 15 25 15 ns [1,7] 

3 TwC Input Clock Width 3.0V 62 41 62 41 ns [1,7] 
5.SV 62 41 62 41 ns [1,7] 

4 TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns [1,7] 
5.5V 70 70 70 70 ns [1,7] 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC [1,7] 
5.5V 5TpC 5TpC 5TpC 5TpC [1,7] 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
(SCLK!TCLK = EXTERNAL/2) 

TA= 0°C to +70°C TA =-40°C to +105°C 
Yee 8 MHz!111 12 MHz!111 8 MHz!111 12 MHz!111 

No Symbol Parameter Nole (31 Min Max Min Max Min Max Min Max Units Noles 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC [1,7) 
5.5V 8TpC 8TpC 8TpC 8TpC [1,7) 

7 Tr Tin, Timer Input Rise 3.0V 100 100 100 100 ns [1,7] 
TtTin and Fall Timer 

5.5V 100 100 100 100 ns [1,7) 

8 Twll Int. Request Input 3.0V 100 100 100 100 ns [1,2) 
Low Time 

5.5V 70 70 70 70 ns [1,2) 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC [1,2) 
High Time 

5.5V 5TpC 5TpC 5TpC 5TpC [1,21 

10 Twsm STOP-Mode Recovery 3.0V 5TpC 5TpC 5TpC 5TpC [8,10) 
Width Spec 

5.5V 5TpC 5TpC 5TpC 5TpC [8,10) 

11 Tost Oscillator Startup Time 3.0V 12 12 12 12 ns [4,9) 
5.5V 12 12 12 12 ns [4,9) 

12 Twdt Watch-Dog Timer 3.0V 15 15 12 12 ms DO= 0 [5,6,12) 
Refresh Time 

5.5V 5 5 3 3 ms D1 = 0 [5,6,12) 
3.0V 30 30 25 25 ms DO= 1 [5,6] 
5.5V 16 16 12 12 ms D1 =0 [5,6) 
3.0V 60 60 50 50 ms DO= 0 [5,6,12) 
5.5V 25 25 30 30 ms D1 = 1 [5,6,12) 
3.0V 250 250 200 200 ms DD= 1 [5,6,12) 
5.5V 120 120 100 100 ms D1 = 1 [5,6,12) 

13 TPOR Power-On Reset 3.0V 7 24 6 25 13 ms 
5.5V 3 13 2 14 7 ms 

Notes: 
[1] Timing Reference uses 0.7 Vee for a logic 1 

and 0.2 V cc for a logic O. 
[2] Interrupt request via Port 3 (P31-P33). 
[3] V cc= 3.0V to 5.5V. 
[4] SMR-05 = 0. 
[5] WDTMR Register 
[6] Internal RC Oscillator only. 
[7] SMR01 =0. 
[8] Maximum frequency for internal system clock is 4 MHz when using 

SCLK = EXTERNAL clock mode. 
[9] For RC and LC oscillator and for clock-driven oscillator. 
[10] SMR-05 = 1, STOP-Mode Recovery delay is on. 
[11) Z86C03 = 8 MHz; Z86C06 = 12 MHz. 
[12] Z86C06 only. 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK =EXTERNAL) 

TA= 0°c to +70°c TA =-40°C to +105°C 
Vee 4MHz 4 MHz 

No Symbol Parameter Note (6) Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 250 DC 250 DC ns [1,7,8] II 5.5V 250 DC 250 DC ns [1,7,8] 

2 TrC,TfC Clock Input Rise and Fall Times 3.0V 25 25 ns [1,7,8] 
5.5V 25 25 ns [1,7,8] 

3 TwC Input Clock Width 3.0V 125 125 ns [1,7,8] 
5.5V 125 125 ns (1,7,8] 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1,7,8] 
5.5V 70 70 ns [1,7,8] 

5 TwTinH Timer Input High Width 3.0V 3TpC 3TpC [1,7,8] 
5.5V 3TpC 3TpC [1,7,8] 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC [1,7,8] 
5.5V 4TpC 4TpC [1,7,8] 

7 TrTin, Timer Input Rise & Fall Timer 3.0V 100 100 ns (1,7,8] 
T!Tin 5.5V 100 100 ns [1,7,8] 

8 TwlL Int. Request Low Time 3.0V 100 100 ns [1,2,7,8] 
5.5V 70 70 ns [1,7,8] 

9 TwlH Int. Request Input High Time 3.0V 3TpC 3TpC [1,2,7,8] 
5.5V 3TpC 2TpC [1,2,7,8] 

10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 ns [4,8] 
5.5V 12 12 ns [4,8] 

11 Tosi Oscillator Startup Time 3.0V 5TpC 5TpC [3,8,9] 
5.5V 5TpC 5TpC [3,8,9] 

Notes: 
[1] Timing Reference uses 0.7 Vee for a logic 1 and 0.2 Vee for a logic O. 
[2] Interrupt request via Port 3 (P33-P31 ). 
[3] SMR-05 = 0. 
[4] SMR-05 = 1, POR STOP mode delay is on. 
[5] Reg. WOTMR. 
[6] V cc = 3.0V to 5.5V. 
[7] SMR 01 = 1. 
[8] Maximum frequency for internal system clock is 4 MHz when using 

XTAL divide-by-one mode. 
[9] For RC and LC oscillator, and for oscillator driven by clock driver. 
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Z86C031C06 CMOS zge 8-Brr CCP'" 
CoNSUMER CONIROLLER PROCESSORS 

EXPANDED REGISTER FILE CONTROL REGISTERS 

SMR (F)OB 

SCLKITCLK Dlvide-by-16 (C06)t 
OOFP' 
10N 

External Clock OMde Mode 
O SCU<fTCLK • ExtemaV2' 
1 SCLK/TCLK = ExtemeV1 

Stop Mode Recovery Source 
000 POROnly• 
001 POR Onlytt 
010 P31 tt 
011 P32 tt 
100 P33 tt 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

g1~we1av 
1 ON' 

Stop Recovery Level 
0 Low level• 
1 High Level 

Stop Flag 
0 POR' 
1 Stop Recovery 

• Default eettlng after RESET. 
" Default eettlng after STOP-Mode Reoov91Y and RESET. 
t C03 Reserved; must be O. 

ttC060nly 

Figure 25. STOP-Mode Recovery Register 
(Write Only except bit D7, which Is Read Only) 

WDTMR (F)OF 

1-34 

WDTTApt INTRCOSC XTALCLK 
00 5 512TpC 
01• 15 • 1024 TpC 
10 25 2048TpC 
11 100 8192 TpC 

WOT During HACT 
0 OFF 
1 ON* 

"'------ WOT During STOP 
0 OFF 
1 ON* 

..._ ______ XTALMNT RC Select for WOT 

0 On-Board RC • 
1 XlllL 

Reserved (Must be O) 

• Default setting after RESET 
t ForC06; C03MustBeDO=1, 01=0 

Figure 26. Watch-Dog Timer Mode Register 
(Write Only) 

PCON (F)OO 

• Default Setting After Reset. 

comparator 
Output PORT 3 
o P34, P35 S1andard Output' 
1 P34, P35 Comparator Output 

Reserved (Must Be 1) 

Low EMI PORT 2 
0 Low EMI Noise 
1 S1andard • 

Low EMI PORT 3 
0 Low EMI Noise 
1 Standard• 

Low EMI Oscillator 
0 Low EMI Nofsa 
1 Standard• 

Figure 27. PORT Control Register 
(Write Only) 

SCON(C)02 

L 

(S) Used with Bit 07 equal to o 
(M) Used with Bit 07 equal to 1 

• Default Setting After Reset. 

SPI Enable 
0 Disable' 
1 Enable 

RxCharOverrun (S) 
0 Reset 
1 Overrun 

CLKDlvlde(M) 
00 TCLK/2 
01 TCLK/4 
10 TCLK/8 
11 TCLK/16 

DO SP! Port Enable (S) 
0 SPI DO Port Enabled 
1 DO Port to VO 

cgm~:gi!'nable 
1 Disable• 

RxCharAvalf 
0 Reset 
1 Char. Avail. 

Clock Phase 
o Trans/Fall 
1 Trans/Risa 

CLKSource 
0 TCLK 
1 Timer o Output 

Master Stave 
0 Slave 
1 Master 

Figure 28. SPI Control Register 
(Z86C06 Only) 



Figure 29. SPI Compare Register 
(Z86C06 Only) 

Z8 CONTROL REGISTER DIAGRAMS 

R240 

R241TMR 

Reserved 

Figure 31. Reserved 

o No Function (COS only) • 
1 LoadTo 

0 Disable T oColl'lt (COS only)" 
1 Enable T oCount 

o No Function 
1 LoadT 1 

0 Disable T 1 Count 
1 Enable T 1 Count 

T1N Modes 
oo Extamal Clock Input 
01 Gate Input 
10 'Digger Input 

(Non-retrtggerable) 
11 Trigger Input 

(Ralllggeiable) 

TOUT Mode 
00 NotUeed 

• Must be 0 for Z86C03. 01 ToOUT(COSonly) 
10 T10UT 

R242TI 

11 Internal Clock Out 

Figure 32. Timer Mode Register 
(F1H: Raad/Write) 

T 1 Initial Value 
(Whan Written) 
(Range 1-258 Decimal 
01-00HEX) 
T 1 Currant Value 
(Whan READ) 

Figure 33. Counter Timer 1 Register 
{F2": Raad/Write) 

R243PRE1 

R244TO 

R24SPREO 

Z86C031C06 CMOS Z8' 8-llll' ccp• 
CONsullER CoNTROUER PROCESSORS 

Figure 30. SPI Receive Buffer 
(Z86C06 Only) 

Count Mode 
0 T 1 Single Pass 
1 T 1 Modulo-N 

Clock Source 
1 T1 Internal 
0 T 1 External Timing Input 

(Tr.i) Mode 

Prascaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 

Figure 34. Prescaler 1 Register 
(F3H: WrHe Only) 

'!o .. 1n1t1a1 va1ua 
(When Written) 
(Range: 1-258 Decimal 
01-00HEX) 
To Current Value 
(When READ) 

Figure 35. Counter/rimer 0 Register 
{F4H: Raad/Write; Z86C06 Only) 

l~!oo!ml~lool~l~lool 

I IL~:=.-
1 ToModuloN 

x 
Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 36. Prescaler O Register 
(FS": WrHe Only; ZB6C06 Only) 

1-35 

II 



ZS CONTROL REGISTER DIAGRAMS (Continued) 

R24BP2M 

R247P3M 

P2 7 - P2o 110 Definition 
0 Deflnes Bit as OUTPUT 
1 Defines Btt as INPUT 

Figure 37. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Open Drain 
1 Port 2 Push-pull 

Port3 Inputs 
0 Dlgttal Mode 
1 Analog Mode 

Reserved (Must be O) 

Figure 38. Port 3 Mode Register 
(F7 ": Write Only) 

R24B P01M 

1~1~1~1~1001~1~1001 

1-36 

I I -c___ Reserved (Must be O) 

.__ ---- Reserved (Must be 1) 

...._ _______ Reserved (Must be O) 

Figure 39. Port O and 1 Mode Register 
(F8H: Write Only) 

R2491PR 

-,-

R250 IRQ 

L_ l 

Z86CO:!IC06 CMOS ZS' 8-Blr CCP'" 
CoNSUllER CONTROLLER PROCESSORS 

Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IR04> IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 IR02> IRQO 
1 IRQO > IRQ2 

IR03, IRQS Priority (GroupA) 
0 IR05> IRQ3 
1 IR03>1RQ5 

Reserved (Must be O) 

Figure 40. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 =Software Controlled 
IRQ4 - TO (003 Software only) 
IR05=T1 

ln1erEdge 
00 P31 ! P32! 
01 P31 ! P321 
10 P311 P32! 
11 P31 t!P321! 

Figure 41. Interrupt Request Register 
(FAH: Read/Write) 



R251 IMR 

l~l~l~l~loolml~lool 

JI..__ - 1 Enables IRQ5.IRQO 
Coo =IRQO) 

Rasarved (Musi be O) 

1 Enables lntan'Upts 

R252 Flags 

Figure 42. Interrupt Mask Register 
(FBH: Read/Write) 

l~l~l~l~loolml~lool 

I ~ User Flag F1 t--= User Flag F2 

Haff carry Flag 

Oedmal Adjust Flag 
....______ Overflow Flag 

Sign Flag 

--------~ ~roFlag 
'--~~~~~~~- CenyFlsg 

Figure 43. Flag Register 
(FCH: Read/Write} 

R253RP 

.. ~CO& CMOS zae 8-Brr CCP"' 
"""""MER CONTROLLER PlloCESSORS 

l~l~l~l~loolml~lool 

I ...__I - Expanded Raglatar Fiie Pointer 

Working Register Pointer 

R254GPR 

R255SPI. 

Figure 44. Register Pointer 
(FDH: Read/Write) 

Figure 45. General Purpoee Register 
(FEH: Read/Write) 

._______ Stack Pointer Lower 

Byte (SPo - SP 7 ) 

Figure 46. Stack Pointer 
(FF": Read/Write) 
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za~ CMOS zae 8-Brr CCP'" 
CoNsllllER CONIRoLLER PROCESSORS 

DEVICE CHARACTERISTICS 

1-38 

Current 12 ----------------------1cca1sv 
(ma) 

lcc1 atSV 
4 1--+--i.,,,..:.,._+--+--::::llllli-=::;...~-+--i (SCLK diVldedby 18) 

Vee 2.0 
(Volts) 

1.0 

0.0 
-60 

lcc1 at3.3V 

Frequency {MHz) 

-40 -20 

Legend: 
A • VII at Vee = 3.3V 
B •VII at Vee • 5.5V 
C " Vol at Vee • 3.0V 
D • Voll at Vee • 5.5V 

Figure 47. Typical Ice vs Frequency 

0 20 40 60 80 

Figure 48. Typical v OL' v,L vs Temperature 

B 

A 

c 
D 

100 120 130 

Temparature (°C) 



Vee 
(Volts) 

Z86C03/C06 CMOS ZS' 8-Brr CCP'" 
CONSUMER CoNTROUER PRocESSORS 

6.0 1---+---1----t----lf----+----+--+---+--+---I 

VOH at Vee 5.5V 5.0 _____ ....__""'"" __________ ....__~----"""' 

4.0 _____ ....__""'"" _________ ....__~----"""' 

I --==t=::::::::::::::l==::t:===!=:::=±=::::t==:t::=::t==t::__J VIH at Vee= 5.5V 3.0 ... 
VOH at Vee 3.0V 

2.0 -----1----+-----1 ...... --1---+--+---+--+---1 
VIH at Vee = 3.0V 

1.0 l---+---1----t----lf----+----+--+---+--+---I 

Note: STD Mode 
0 '-~-'-~~i.-~ ... ~----~..i..~-i.~~.i....~...i.~~--~..i (Not Low EMI Mode) 

-60 -40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Figure 49. Typical v OH' v,H vs Temperature 
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DEVICE CHARACTERISTICS (Continued) 

0 

-1.0 

-2.0 

-3.0 

-4.0 

-5.0. 

-6.0 

-7.0 

-8.0 

IOH 
(ma) -9.0 

1-40 

YOH (Volta) 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

vccI3.0V 

~ 
1l 
1 f 

l_i 
A 

Legend: 

A=125°C 
B=25°C 
C=-55°C 
D=125°C 
E=25°C 

B C 

F=-55°C 
G= 125°C 
H=25°C 
I= -55°C 

V,;,~5.0V 

j 
D EFGI 

J vcc-s.sv 

Note: STD Mode 
(Not Low EMI Mode) 

Figure 50. Typical v OH vs •oH over Temperature 

Z86CO:l/C06 CMOS U' 8-BIT CCP'" 
CONSUMER CONTIIOLl.BI PROCESSORS 



lo~ (ma 
24.0 

22.0 
A B CD 

20.0 

18.0 IL I/ !-'" 
16.0 

14.0 

12.0 

10.0 L_i_LIL 
8.0 

6.0 _J_I//~ v 
4.0 

2.0 o~ 
0 0.2 0.4 0.6 0.8 1.0 

Legend: 

A= -ss•c 
B=2s0 c 
C= 12s0 c 
D =-ss•c 
E=2s0 c 
F = 12s0 c 

Vcc=S.SV 
Vcc=3.0V 

E 

F 

1.2 1.4 1.6 

Z86CO:t/C06 CMOS ZIJI 8-Brr CCP"' 
CoNSUMER CONTROLLER PROCESSORS 

1.8 

VOL (Volts) 

Note: STD Mode 
(Not Low EMI Mode) 

Figure 51. Typical l0 L vs V0 L Over Temperature 
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Z86C031C06 CMOS ZS' 8·BIT ccp• 
CoNSUMER CONTROLLER PROCESSORS 

DEVICE CHARACTERISTICS (Continued) 

1·42 

Time 22.0 --...--...... ------------------. 
{ms) 

4.0 1----1----1----1--+----+---+-----+----+----t 

2.0 1----1----1----1--+----+---+-----+----+----t 

o._ ____ _.._....,. __ .._ _______ ..,.. ________ _ 

·60 -40 ·20 

Legend: 

A·VCC=3.0V 
B ·Vee= 3.5V 
C ·Vee =4.0V 

0 20 

D • Vcc=4.5V 
E ·Vee= 5.0V 
F ·Vee= 5.5V 

40 60 80 100 120 140 

Temperature {°C) 

Note: Using Internal RC. 

Figure 52. Typical Power-On Reset Time vs Temperature 



nme 
(ms) 

45.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 

Z86C03/C06 CMOS '11' 8-Brr CCP" 
CONSUIER CONTROLLER PllocEssoRs 

o .... ~ ..... ~~--~ ..... ~...i~~..i-~.....a.~~--~--~~--~~ 
-60 -40 

Legend: 

A·Vcc=3.0V 
B·VCC=3.5V 
C-Vcc=4.0V 

·20 0 20 

0 ·VCC=4.5V 
E·Vcc=5.0V 
F • Vcc• 5.5V 

40 60 80 100 120 140 

,_mperature (°C) 

Note: Using Internal RC. 

Figure 53. Typical 5 ms WOT Setting vs Temperature (Z86C06 Only) 
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DEVICE CHARACTERISTICS (Continued) 

Time 95,........,-....,..__,....,_....,.-...,.........,.-...._.__,....,_..,..__,, 

(ma) 
80t---+~-+---it-----t-~+--+~-+---;t---+---t 

151---+~-+-~t---+-~+--+~-+-~t---+---I 

101---+~-+----,t-----+-~+--+~-+-~t---+---I 

0 ......... -.....--... ........... -... ........... -... ..... -... .................. 
-60 -40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Note: Using Internal RC. 

Z86C03/C06 CMOS zse B·BIT ccp· 
CONsUMER CoNTROLLER PROCESSORS 

Legend: 

A-Vee= 3.0V 
B-Vee =3.5V 
C -Vee =4.0V 
D -Vee =4.5V 
E-Vee = 5.0V 
F-Vcc = 5.5V 

Figure 54. Typical 15 ms WOT Setting vs Temperature 
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Time 110r---r--...,...--.,......,.-....,...-..,....._,-.-.--.....---. 
(ms) 

1601---+--+--+---+--+--+---i--+--+---I 

~A 
1001-----+--+--+---+--+--+-~--!.~--I 

1401---+--+--+---+--+--+-----+--+---I y 
1301---+--+--+---+--+.'-+---i--+--+---I 

1/ 
120 t--+--+-+-....,...,~'---+ --+--;--+,.,......-l't-B--f y ~ 
110 t--+k1--V'boo"~--+--+---+....-,,,,,..,_-t-V1-+c--1 y ./ 
90t--1''---+-+---l~:...+-+--;~:...+-+=--f y ~ .J---10 
80 1--+V1--::0~-1---+V--:::;~+1 ---+ ~l"'"...,,,C:.+-i::--1-+e--i 

~ / ~I/ ~F 
70t--t--t--::::-JfC--t--ta~+--:a!,,,C..-t::.,,.,.,__--I 

.YY~~ 
60t--i~-t--~<:.....t-::::r!"''--:,....~--+-+---I 

y~~ 
50t--i~-t--2""F-~~-+-+---f--+-+---I 

~ 40t--t...,..."'2"""F--+--+--+-+---f--+-+---I 

301---+--+--+---+--+--+---i--+--+---I 

201---+--+--+---+--+--+---i--+--+---I 

101---+--+--+---+--+--+---i--+--+---I 

o._....., __ _._ __ .._....., __ _._ __ .._....,. __ _._ __ ..__. 
-60 -40 -20 0 20 40 60 80 100 120 140 

'Rlmperature {°C) 

Note: Using lntemal RC. 

Z86COa/C06 CMOS ZS- B·BIT CCP'" 
CONSUMER CONTROLLER PROCESSORS 

Legend: 

A-Vee= 3.0V 
B-Vcc =3.5V 
C-Vcc =4.0V 
D-Vcc =4.5V 
E-Vcc = 5.0V 
F-Vcc =5.5V 

Figure 55. Typical 25 ms WOT Setting vs Temperature (Z86C06 Only) 
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DEVICE CHARACTERISTICS (Continued} 

nme 700..-..... --._. .... ----..... ------..-----..--
(ma) 

o..._...., ________ ...___. ______________ _ 

-60 -40 ·20 0 20 40 60 80 100 120 140 

'Dtmperatura (°C) 

Note: Using lntemal RC. 

Z86C03/C08 CMOS 'II a.arr CCP'" 
CoNsulER CoN1RoLLER PllocEssoRs 

Legend: 

A-Vcc=3.0V 
B ·Vee =3.5V 
C·VCC=4.QV 
D-Vcc=4.5V 
E·VCC•5.0V 
F - vcc-s.sv 

Figure 56. Typical 100 ms WOT Setting vs Temperature (Z86C06 Only) 
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'N' 100000 

!. 

I 
l 

50000 

10000 

5000 

1000 

500 

100 

50 

10 

5 

Z86C031C06 CMOS.,, a.arr CCP'" 
CoNSUllER CoNTROUER PllocEssoRs 

!'-..... 
"""" --N ......... 

~ I'-. 

~ t"'-. 
~ ~ 
~ 
~ ~ 
~~ 

5 10 

Legend: 

A-Vee= 5.0V C = 33 pF 
B - Vee = 3.3V C = 33 pF 

50 100 

~ ~ :s: ~ 
~ ~ 

~"J 
'\J ~ 
.~ 
~ A 

B 

500 1000 5000 10000 

Resistance (kOhms) 

Note: STD Mode (not Low EMI Mode). 

Note: This chart for reference only. Each process will have a different characteristic curve. 

Figure 57. Typical Frequency vs RC Resistance 
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Z86C031C06 CMOS 7.B8 S·BIT ccp• 
CoNSUMER CoHIROLLER PROCESSORS 

DEVICE CHARACTERISTICS (Continued) 

1-48 

N 10000 .-~~~~--...-~~~~-.~~~~~-.-~~~~~ ...... ~~~~ ....... 

~ 50001--~.-.~~-+~~~~~-1--~~~~--4~~~~~--~~~~--1 

I '""" ..... ~~~~'."'""""1--....;:: ...... --=~--+-----------+------~~-+----~----f 
500 t---;r-~~:l~-...;;:;:;:::::-1==:::::=-o-----t._.;;;;======::;:=:::;-A;----i 

1 --~~~~ ........... ~~~~ ..... ~~~~~--~~~~~--~~~~--
0 50 

Legend: 

A-Vcc=5.0V R=22KOhms 
B·Vcc=5.0V R=56KOhms 
C·Vcc=5.0V R=100KOhms 
0 • Vee= 5.0V R = 1 M Ohms 
C·Vcc=5.0V R=4MOhms 

100 150 200 250 

Capacitance (pF) 

Note: Not In Low EMI Mode 

Figure 58. Typical RC Resistance/Capacitance vs Frequency 



I 20 
(µA) 

15 

10 

5 

0 

-6 

-10 

-i5 

-20 
1V 2V 3V 4V 5V 6V 7V 

Figure 59. Auto Latch Characteristics 

25°C 

Z86C03.ICO& CMOS 'lJI 8-Brr CCP~ 
CONSUMER CoNTROLLER PROCESSORS 

Legend: 

A-Vcc=3.0V 
B-Vcc=4.5V 
C-Vcc =5.0V 
0-Vcc = 5.5V 

Volts 
(V) 
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INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRA 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 
address 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

1-50 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86COOIC06 CMOS 'Zfl S.Brr CCP'" 
CoNSUllER CoNlROWR PllocEssORS 

Flags. Control register (R252) contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 



ft'2JUl6 Z86COO/C06 CMOS 'zse 8-Brr CCP'" 
CONSUMER CON1ROLLER PROCESSORS 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry C=1 
1111 NC No Carry C=O II 0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (SXORV) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=O 
0111 ULT Unsigned Less Than C=1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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INSTRUCTION FORMATS 

Z86C03fC06 CMOS 'a I-BIT ccp• 
CONSUllER CON1RoU.ER PROCESSORS 

OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

dst OPC I 
One-Byte Instructions 

OPC I MODE CLR, CPL, DA, DEC, 

d81/llC ~11110 I dltlllCI DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC JP, CALL (lndrect) 

dst ~11110! dst 

OPC SRP 

VALUE 

OPC I MODE ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 

dst IR: TM, XOR 

MODE I OPC LO, LOE, LDEI, 

dst/sro : arc/dst 
LDC, LOCI 

dst/sro I OPC LD 

arc/d81 a:d111ol 811) 

dal I OPC LD 
VALUE 

dsVCC I OPC DJNZ,JR 

RA 

FFH STOP/HALT 

6FH I 7fH 

TWo-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" +- ". For example: 

dst +- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

1-52 

~ 1110 

~ 1110 

8IC 

dst 

AOC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

AOC, ADD, AND, CP, 
dal I LO, OR, SBC, SUB, 

TCM,TM,XOR 

8IC 

dal 
~ ~ t-1 _11_0-+---I t=:B=J ....... 1110 

MOOEl OPC 

dst/sro I x 
ADDRESS 

LD 

LD 

JP 

CALL 

Thra.Byte lnatructlona 

notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 



ft'21Ul6 za&C01/C06 CMOS Z8' 8-llrr ccp• 
CONSUMER CONTROLLER PFIOcEssoRs 

INSTRUCTION SUMMARY (Continued} 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) CZSVDH and Operation dst src Byte(Hex) CZSVDH 

ADCdst, src t 1[ I ****O* INCdst rE - * * * - - II dslt-dst + src +C dslt-dsl + 1 r=O-F 
R 20 

ADDdst,src t 01 I ****o* IR 21 
dsl+-dst + src 

INCWdst RR AO - * * * - -ANDdst,src t 51 I - * * 0 dst+-dst + 1 IR A1 
dstt-dst AND src 

IRET BF ****** CALLdst DA DB - - - - - - FLAGS+-@SP; 
SPt-SP-2 IRR D4 SPt-SP + 1 
@SPt-PC, PCt-@SP; 
PCt-dst SPt-SP +2; 

CCF EF * - - - - - IMR(7)+-1 

Ct-NOTC JP cc, dst DA cD - - - - - -
CLRdst R BO - - - - if cc is true, C=O-F 

dSl+-0 IR B1 PCt-dsl IRR 30 

JR cc, dst RA cB COMdst R 60 * * 0 
- - - - - -

dslt-NOT dst IR 61 if cc is true, C=O-F 
PCt-PC +dst 

CPdst, src t A[ l ****-- Range: +127, -128 
dst- src 

LD dst, src Im re - - - - - -
DAdst R 40 ***X-- dst+-src r R r8 
dslt-DA dst IR 41 R r r9 

r=O-F 
DECdst R 00 - * * * - - r x C7 
dslt-dst-1 IR 01 x r 07 

DECWdsl RR 80 - * * * - - r Ir E3 

dslt-dsl-1 IR 81 Ir r F3 
R R E4 

DI SF R IR E5 
IMR(7)+-0 R IM EB 

DJNZr, dst RA rA 
IR IM E7 

r+-r-1 r=O-F 
IR R F5 

if r ;i. O LDCdst,src Irr C2 - - - - - -
PCt-PC+dst dslt-src 
Range: +127, 128 

LDC! dst, src Ir Irr C3 - - - - - -
El 9F dst+-src 
IMR(7)+-1 r+-r + 1;rrt-rr+1 

HALT 7F NOP FF - - - - - -
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•21Ul6 
ZB&COatCO& CMOS .. a.err ccp· 

CoNSUMER CoNlllOLLER PRocESSORS 

INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte(Hex) CZSVDH and Operation dst src Byte (Hex) CZSVDH 

OR dst,src t 4[ l - * * 0 - - SUB dst, src t 2[ I * * * * 1 * 
dst+-dst OR src dst+-dst - src 

POP dst R 50 - - - - - - SWAPdst R FO x * * x 
dst+-@SP; IR 51 

" 25 
IR F1 

SP+-SP+ 1 oi 

PUSH src R 70 - - - - - -
SP+-SP-1; IR 71 TCM dst, src t 6[ I - * * 0 
@SP+-Src (NOT dst) AND src 

RCF CF 0 - - - - - TM dst,src t 7[ I - * * 0 
C+-0 dstAND src 

RET AF - - - - - - WDT 5F - x x x 
PC+-@SP; 

XOR dst, src t Bl l * * 0 SP+-SP+2 -
dst+-dst XOR src 

RL dst R 90 ****-- t These instructions have an identical set of addressing modes, which 

~ IR 91 are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

RLCdst R 10 ****-- applicable addressing mode pair. 

~ 
IR 11 

For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

RRdst R EO ****--
IR E1 L04t:31 Address Mode Lower 

dst src Opcode Nibble 

RRC dst R co ****-- [2] 

L©::tt:::fiJ IR C1 

Ir [3] 

SBCdst, src t 3( l * * * * * 
dst +-dst-src-C R R [4] 

SCF OF R IR [5] 
C+-1 

SRAdst R DO * * * 0 
R IM [6] 

@ IR 01 IR IM [7] 

SRPdst Im 31 - - - - - -
RP+-src 

STOP SF - - - - -
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OPCODE MAP 

0 

2 

3 

4 

5 

8 

I i 7 

z I . 
9 

A 

a 

c 

D 

E 

F 

0 

6.5 
DEC 
R1 
6.5 
RLC 
R1 
6.5 
INC 
R1 
8.0 
JP 

IRR1 
8.5 
DA 
R1 

10.5 
POP 
R1 
6.5 

COM 
R1 

10/12.1 
PUSH 

R2 
10.5 

DECW 
RR1 
6.5 
RL 
A1 

10.5 
INCW 
AR1 
6.5 

CLFI 
R1 
6.5 

RRC 
R1 
6.5 

SRA 
R1 
6.5 
RFI 
A1 
8.5 

SWAP 
R1 

' 

6.5 
DEC 
IR1 
6.5 

RLC 
IR1 
6.5 
INC 
IR1 
6.1 

SRP 
IM 
8.5 
DA 
IR1 
10.5 
POP 
IR1 
6.5 

COM 
IR1 

12/14.1 
PUSH 

IR2 
10.5 

DECW 
IR1 
6.5 
RL 
IR1 
10.5 

INCW 
IR1 
6.5 

CLR 
IR1 
6.5 

RRC 
IR1 
6.5 

SRA 
IA1 
6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

T' 
2 

2 

6.5 
ADD 
r1, r2 

6.5 
ADC 
r1, r2 

6.5 
SUB 
r1, r2 

6.5 
sac 
r1, r2 

6.5 
OR 

r1, r2 

6.5 
AND 
r1, r2 

6.5 
TCM 
r1, r2 

6.5 
TM 

r1, r2 

6.5 
CP 

r1, r2 

6.5 
XOR 
r1, r2 

12.0 
LDC 

r1,lrr2 

Lower Nibble (Hex) 

3 4 5 • 7 8 9 

6.5 10.5 10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD ADD ADD LD LD 
r1,lr2 R2,R1 IR2,R1 R1, IM IR1, IM r1 R2 r2 R1 

6.5 10.5 10.5 10.5 10.5 
ADC ADC ADC ADC ADC 
r1, lr2 R2,R1 IR2,R1 R1, IM IR1,IM 

6.5 10.5 10.5 10.5 10.5 
SUB SUB SUB SUB SUB 
r1,lr2 R2, R1 IR2, R1 R1, IM IR1, IM 
6.5 10.5 10.5 10.5 10.5 
sac sac sac sac sac 
r1, lr2 R2,R1 IR2,R1 R1, IM IR1,IM 
6.5 10.5 10.5 10.5 10.5 
OR OR OR OR OR 

r1, lr2 R2, R1 IR2,R1 R1, IM IR1,IM 
6.5 10.5 10.5 10.5 10.5 

AND AND AND AND AND 
r1, lr2 R2,R1 IR2,R1 R1, IM IR1,IM 
6.5 10.5 10.5 10.5 10.5 

TCM TCM TCM TCM TCM 
r1, lr2 R2, R1 IR2,R1 R1, IM IR1,IM 
6.5 10.5 10.5 10.5 10.5 
TM TM TM TM TM 

r1, lr2 R2, R1 IR2,R1 R1, IM IR1, IM 

6.5 10.5 10.5 10.5 10.5 
CP CP CP CP CP 

r1, lr2 R2,R1 IR2, R1 R1, IM IR1,IM 
6.5 10.5 10.5 10.5 10.5 

XOR XOR XOR XOR XOR 
r1,lr2 A2,R1 IA2, R1 R1, IM IR1,IM 
18.0 10.5 
LDCI LD 

lr1, lrr2 r1,x,R2 

6.5 
LD 

r1, IR2 

6.5 
LD 

lr1,r2 

20.0 20.0 10.5 
CALL* CALL LD 
IRR1 DA r2,x,R1 

10.5 10.5 10.5 10.5 
LD LD LD LD 

R2,R1 IR2,R1 R1, IM IR1,IM 
10.5 
LD 

R2, IR1 

... .... 
3 Bytea per Instruction 

Execution 
Cycles 

Firsi 
Operand 

Lower 
Opcode 
Nibble 

1 
4 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

' 

Z86CoalC06 CMOS 118-BIT ccp• 
CONsullER CONTRoWR PROCESSORS 

A a. c D 

12/10.5 12/10.0 6.5 12.10.0 
DJNZ JR LD JP 
r1, RA cc RA r1 IM cc DA 

T' 
2 

Legend: 

' 

R = 8-bit address 
r = 4-blt address 
R1 or r 1 = Ost address 
R 2 or r 2 = Src address 

Seq..-: 
Opcode, First Operand, 
Second Operand 

I 

E 

6.5 
INC 
r1 

Nate: The blank areas are reserved. 

• 2-byte instruction appears 
as a 3-byte instruction 

F 

1--

1---

1--

1--

~ 
WDT 

~ 
STOP 

~ 
HAil" 

~ 
DI 

~ 
El 

~ 
RET 

~ 
IRET 

f--s.s 
RCF 

f--s.s 
SCF 

!----< 
6.5 
CCF 

~ 
NOP 
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Z86CO&'C06 CMOS 'zt' 8-Brr ccp· 
CoNSUllER CoNlRoUER PllocEssORS 

PACKAGE INFORMATION 

SYMBOL MILLIMETER INCH 
MIN MAX MIN HAX 

Al 0.51 0.81 .oeo .03l! 
El Al? 3.25 3.43 .U!8 .135 

B 0.38 0.53 .015 .021 
Bl 1.14 1.65 .045 .065 
c 0.23 0.38 .009 .015 

,._ ____ D -----t D 22.35 23.37 .aao .920 
E 7.62 8.13 ,300 .320 
El 6.22 6.48 .245 .255 
II 2.54 TYP .100 TYP 

""' 7.87 8.89 .310 .350 
L 3.18 3.81 .125 .ISO 
Ill 1.52 J.65 .060 .065 
s 0.89 1.65 .035 .065 

r--++----11 -----..~r____._111 r 112 

L I 
CDNTRIJLLING DIMENSICJNS • INCH 

Al 

s Iii ' 

18-Pln DIP Package Diagram 

----D----., 

E ] H 

10 

MILLIMETER INCH 
SYIQlll. 

MIN MAX MIN MAX 

"' 
2.40 2.65 .G94 ,104 

Al 0.10 G.30 JI04 .012 

N!. 2.1!4 2.44 .o8ll ""' I 0.36 0.46 .814 .018 

c D.23 0.30 JI09 .ote 
D 1L40 U.75 .449 .463 

E 7.40 7.60 J!9I .299 

CllNTRtLLING llllENSU»IS • MM . • Le7 TYP .DllCI TYP 
I.EADS 111£. CllPLNIM VITHIN Jl04 INCH. H 10.00 10.e .394 .419 

h D.30 0.40 .012 .ot6 
L 0.60 UIO .1124 .039 
Ill o.97 L07 .038 .042 

18·Pln SOIC Package Diagram 
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ORDERING INFORMATION 

Z86C03 (8 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86C0308PSC Z86C0308SSC 

Z86C06 (12 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86C0612PSC Z86C0612SSC 

Extended Temperature 
18-Pin DIP 18-Pin SOIC 

Z86C0308PEC Z86C0308SEC 

Extended Temperature 
18-Pln DIP 18-Pin SOIC 

Z86C0612PEC Z86C0612SEC 

Z86C03/C06 CMOS zsa 8-Brr CCP'" 
CONSUMER CONTROLLER PlloCESSORS 

For fast results, contact your local Zilog sale offices for assistance in ordering the part(s) desired. 

CODES 

Preferred Package 
P = Plastic DIP 

Longer Lead Time 
S = Plastic SOIC 

Preferred Temperature 
S = 0°c to +70°C 

Longer Lead Time 
E = -40°C to + 105°C 

Speeds 
08= 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z86C0308PSC 

Li§ 
is a Z86C03, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

1-57 
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Z86E03/E06 CMOS ZB® B·Bit OTP CCP™ !m 
Consumer Controller Processors Im 





FEATURES 

• The ZS6E03/E06 Devices Have the Following 
General Characteristics: 

Part 
ZS6E03 
ZS6E06 

ROM 
512 bytes 
1 Kbyte 

• 1S-Pin Package (DIP, SOIC) 

RAM 
60 
124 

• 3.0 to 5.5 Volt Operating Range 

Speed 
SMHz 
12 MHz 

• Operating Temperature: -40°C to + 105°C 

• Clock Speeds up to 8 MHz (E03) and 12 MHz (E06) 

• Fast Instruction Pointer: 1.5 µs @ 8 MHz (E03); 
1.0 µs@ 12 MHz (E06) 

• Multiple Expanded Register File Control Registers 
and Two SPI Registers (ZS6E06 only) 

• One/Two Programmable 8-Bit Counter/Timers, 
Each with a 6-Bit Programmable Prescaler 

GENERAL DESCRIPTION 

Zilog's Z86E03/E06 OTP (One-Time Programmable) CCP~ 
(Consumer Controller Processors) are members of the ZS® 
single-chip microcontroller family with enhanced wake-up 
circuitry, programmable watch-dog timers and low noise/ 
EMI options. These enhancements result in a more effi
cient, cost effective design and provide the user with 
increased design flexibility over the standard ZS micro
controller core. With 512 and 1 K bytes of EPROM and 60 
and 124 bytes of general-purpose RAM, respectively. 
These low cost, low power consumption 1 S-pin CMOS 
microcontrollers offer fast execution, efficient use of 
memory, sophisticated interrupts, input/output bit manipu
lation capabilities, and easy hardware/software system 
expansion. 

ADVMNCE INFORMATION SPECIFICATION 

Z86E03/EO& 
CMOS Z8® 8-BIT OTP CCP™ 
CONSUMER CONTROLLER PROCESSORS 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Permanent Watch-Dog Timer Option 

• Power-On Reset Timer 

• Programmable Auto Latches 

• Two Standby Modes: STOP and HALT 

• Two Comparators with Programmable Interrupt Polarity 

• 14 Input/Output Lines (Two with Comparator Inputs) 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, RC, or External Clock Drive. 

• Serial Peripheral Interface (SPI) (Z86E06 Only) 

• Software Programmable Low EMI Mode 

• EPROM Protect Option 

The Z86E03/E06 architecture is characterized by Zilog's 
8-bit microcontroller core with the addition of an Expanded 
Register File to allow easy access to register mapped 
peripheral and 1/0 circuits. The Z86E03/E06 offers a flex
ible 1/0 scheme, an efficient register and address space 
structure, and a number of ancillary features that are useful 
in many consumer, automotive, and industrial applica
tions. 

For applications demanding powerful 1/0 capabilities, the 
ZS6E03/E06 provides 14 pins dedicated to input and 
output. These lines are grouped into two ports and are 
configurable under software control to provide timing, 
status signals, or parallel 1/0. 

2-1 



ADVANCE INFORMATION 
Z86Eoal06 CMOS zae 8-Brr OTP 

CoNsuMER CONTllOLLER PROCESSORS 

GENERAL DESCRIPTION (Continued) 

Three basic address spaces are available to support this 
wide range of configurations: Program Memory, Register 
File, and Expanded Register File (Figure 1). The Register 
File is composed of 60/124 bytes of General-Purpose 
Registers, two 1/0 Port registers, and thirteen/fifteen Con
trol and Status registers. The Expanded Register File 
consists of three control registers in the Z86E03, and four 
control registers, a SPI Receive Buffer, and a SPI compare 
register in the Z86E06. 

With powerful peripheral features such as on-board com
parators, counter/timer(s), Watch-Dog Timer (WOT), and 
serial peripheral interface (E06 only), the Z86E03/E06 

Output Input Vee 

! 

meets the needs of a variety of sophisticated controller 
applications. 

Notes: 
All Signals with a preceding front slash, ·r. are active Low, e.g.: 
Bl/W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

GND 

! 

Connection Circuit Device 

Power 
Ground 

XTAL 

Machine 
llming & Inst. 

2-2 

1/0 
(Bit Programmable) 

ALU 

FLAG 

Register 
Pointer 

Register File 
60/124 x 

8-Bit 

t Z86E03 has one counter/timer. 

Control 

• Serial Peripheral Interface for the Z86E06 only. 

Figure 1. Z86E03/E06 Functional Block Diagram 



PIN DESCRIPTION 

P24 18 

P25 2 17 

P26 3 16 

P27 4 Z86E03 15 

vcc 5 
and 

Z86E06 14 

XTAL2 6 DIP 13 

XTAL1 7 12 

P31 8 11 

P32 9 10 

ADVANCE INFORMATION 
Z86E031E06 CMOS Z8' a.err OTP 

CoNSUMER CoNmOLl.BI PROCESSOR 

Table 1. 18-Pln DIP and SOIC Pin Identification 
P23 

No Symbol Function Direction 
P22 

1-4 P24-27 Port 2, pins 4, 5, 6, 7 In/Output 
P21 5 Vee Power Supply 

6 XTAL2 Crystal Oscillator Clock Output 
P20 7 XTAL1 Crystal Oscillator Clock Input 

GND 
8-10 P31-33 Port 3, pins 1 , 2, 3 Fixed Input 

P36 11-13 P34-36 Port 3, pins 4, 5, 6 Fixed Output 
14 GND Ground 

P35 15-18 P20-23 Port 2, pins O, 1, 2, 3 In/Output 

P34 

P33 

Figure 2. 18-Pln DIP Pin Configuration 

P24 18 P23 

P25 2 17 P22 

P26 3 P21 

P27 4 Z86C03 P20 
and 

Vee 5 Z86C06 14 GND 

6 
SOIC 

XTAL2 13 P36 

XTAL1 7 12 P35 

P31 8 11 P34 

P32 9 10 P33 

Figure 3. 18-Pln SOIC Pin Configuration 
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ADVANCE INFORMATION 
Z86E03/06 CMOS ZS' 8-Brr OTP 

CONSUMER CONTROLLER PROCESSOR 

PIN FUNCTIONS 

XTAL1. Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network or an external single-phase clock to the on-chip 
oscillator input. 

Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control to be an input or output, 
independently. Input buffers are Schmitt-triggered and 
contain Auto Latches. Bits programmed as outputs may be 
globally programmed as either push-pull or open-drain 
(Figure 4a., 4b., and 4c.). Low EMI output buffers can be 
globally programmed by the software. In addition, when 
the SPI is enabled, P20 functions as data-in (DI), and P27 
functions as data-out (DO) for the SPI (SPI on the Z86E06 
only). 

XTAL2. Crystal 2(time-based output). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network to the on-chip oscillator output. 

-
P27 - .. 
P26 - ~ 

P25 ... --
P24 - . 

Z86E06 Port 2 (1/0) 
P23 ~ 

P22 - .... 
P21 __., 

P20 ... __., 

- Port 2 

Open-Drain---------. 

P21-P26 OE ------1 

P21-P26 OUT--------,..__, 

1.5--- 2.3 Hysteresis @ V cc = 5.0V 

P21·P26 IN ---"""°"" . .c:rt--~..---------~....., 
r ----------- -, 
I I 
I I 
I I 
I R~500Kn I L _____________ J 

Figure 4a. Port 2 Configuration (Z86E06) 

2·4 

P21·P26 

PAD 

Auto Latch 



Open-Drain 

P200E 

SPIEN 

P201N 

ADVANCE INFORMATION 

or ~~~~~--~ . .at--~...-~~~~~~~~--.,_.. 
SPI DI r ----------- -, 

I I 
I I 
I I 
I R~SOOKO I L _____________ J 

Open-Drain 

P270UT 
Standard 

SPI 

t 
SPIDO 

P270E Standard 

SPIActive SPI 

t SCON 

ID2I 0 SPI DO Enable 
1 P270UT 
*SPI must be enabled with DO. 

P271N .a 

r ----------- -, 
I I 
I I 
I I 
I R~ SOOKO I L _____________ J 

Figure 4b. Port 2 Configuration (Z86E06) 

ZB6E03/E06 CMOS mt B-Brr OTP 
CONSUMER CoNlROLLER PROCESSOR 

P20 

PAD 

Auto Latch 

P27 

PAD 

Auto Latch 
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ADVANCE INFORMATION 

PIN FUNCTIONS (Continued) 

-.., 

P27 --- ~ 

P26 ·~ 

P25 -- .... 

P24 -- .... -
Z86E03 Port 2 (1/0) 

P23 --
P22 -- -
P21 

P20 
- Port2 

Open-Drain --------, 

P20-P27 OE -----1 

P20-P27 OUT--------__, 

1.5-. 2.3 Hysteresis@ Vee= 5.0V 

P20-P27 IN ---<-.al--------------.,....... 
r ----------- -, 
I I 
I I 
I I 
I R~500KO I L _____________ J 

Figure 4c. Port 2 Configuration (Z86E03) 
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Z86E03/06 CMOS zae 8-Brr OTP 
CoNsuMER CoNTROLLER PROCESSOR 

P20-P27 

PAD 

Auto Latch 



ADVANCE INFORMATION Z86E031E06 CMOS zat 8-Brr OTP 
CONsUllER CON1RouER PROCESSOR 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33, P32, P31) that are not externally 
driven. Whether this level is 0 or 1 cannot be determined. 
A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. 

Port 3 (P36-P31 ). Port 3 is a 6-bit, CMOS compatible port. 
These six lines consist of three fixed inputs (P31-P33) and 
three fixed outputs (P34-P36). Pins P31, P32, and P33 are 
standard CMOS inputs (no auto latches) and pins P34, 
P3S, and P36 are push-pull outputs. Low EMI output 
buffers can be globally programmed by the software. Two 
on-board comparators can process analog signals on P31 
and P32 with reference to the voltage on P33. The analog 
function is enabled by programming Port 3 Mode Register 
(P3M-bit 01). Pins P31 and P32 are programmable as 
falling, rising, or both edge triggered interrupts (IRQ reg
ister bits 6 and 7). P33 is the comparator reference voltage 
input when the analog mode is selected. P33 is a falling 
edge interrupt input only. 

Note: P33 is available as an interrupt input only in the 
digital mode. P31 and P32 are valid interrupt inputs and 
P31 is the T1N input when the analog or digital input mode 
is selected. 

The outputs from the analog comparator can be globally 
programmed to output from P34 and P3S by setting PCON 
(F)OObitD0=1. 

Access to Counter{fimer 1 is made through P31 (T1N) and 
P36 (T0l1T). 

In the Z86E06, pin P34 can also be configured as SPI clock 
(SK), input and output, and pin P3S can be configured as 
Slave Select (SS) in slave mode only, when the SPI is !m 
enabled (Figures Sa and Sb). Im 

P36 i------
P35 1------
p34 1-------

Z86C03/06 

Port3 

R247=P3M 

P31 (AN1) 

P33(REF) 

Port3 
(1/0 or Control) 

1 =Analog 
0 =Digital 

:"'!>---- IRQO, P32 Data Latch 

From STOP-Mode Recovery 
Source (Z86C06 only) 

-------........ ____ IRQ1, P33 Data Latch 
0 

,.------~ 

Figure 5a. Port 3 Configuration 
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ADVANCE INFORMATION 
Z86E03/06 CMOS '1J8 8-BIT OTP 

CoNSUllER CoNlllOWR PROCESSOR 

PIN FUNCTIONS (Continued) 

SKIN -----------<.-Cl"t----. 

SPI EN -----t 

SPI MSTR ---t 
P34 

PAD 

P340UT---
SK OUT ----tMUX 

P31-r=t>--
REF 

ss-----------<. 

SPIEN 

SPIMSTR P36 

PAD 

REF 

PCON 
DO 0 P34, P36 Standard Output 

.__ _____ _.__. 1 P34, P36 Comparator Output 

Figure Sb. Port 3 Configuration (Z86E06) 

Low EMI Emission. TheZ86E03/E06 can be programmed 
to operate in a low EMI emission mode in the PCON 
register. The oscillator and all 1/0 ports can be pro
grammed as low EMI emission mode independently. Use 
of this feature results in: 

• The pre-drivers slew rate reduced to 10 ns (typical). 

• Low EMI output drivers resistance of 200ohms (typical). 

• Low EMI oscillator. 

2-8 

• Internal SCLK/TCLK = XT AL operation limited to a 
maximum of 4 MHz (250 ns cycle time) when the low 
EMI oscillator is selected and SCLK = External (SMR 
Register Bit 01=1). 

Comparator Inputs. Port 3 Pin P31 and P32 each have a 
comparator front end. The comparator reference voltage 
pin P33 is common to both comparators. In analog mode, 
the P31 and P32 are the positive inputs to the comparators, 
and P33 is the reference voltage supplied to both com
parators. In digital mode, Pin P33 can be used as a P33 
register input or IRQ1 source. 



ADVANCE INFORMATION Z86E03/E06 CMOS "IJ9 a.err OTP 
CONSUMER CONTROLLER PROCESSOR 

FUNCTIONAL DESCRIPTION 

RESET. The device is reset in one of the following condi- 16 groups of 16 registers per group (Figure 7). These 
tions: register groups are known as the Expanded Register File 

(ERF). 
• Power-On Reset 

• Watch-Dog Timer 

• STOP-Mode Recovery Source 

• Low Voltage Protection 

Having the Auto Power-On Reset circuitry built-in, the 
Z86E03/E06 does not require an external reset circuit. The 
reset time is 5 ms (typical) plus 18 clock cycles. 

The device does not re-initialize the WDTMR, SMR, P2M, 
or P3M registers to their reset values on a STOP-Mode 
Recovery operation. 

Program Memory. ZB6E03/E06 can address up to 512/1 K 
bytes of internal program memory (Figure 6). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Byte 13 to byte 
511/1023 consists of on-chip, user program mask ROM. 

EPROM Protect. The 512/1 K bytes of Program Memory is 
mask programmable. A EPROM protect feature will pre
vent "dumping" of the EPROM contents by inhibiting 
execution of the LDC and LOCI instructions to program 
memory in all modes. 

EPROM protect is EPROM-programmable. It is selected 
by the customer when the ROM code is submitted. Select
ing ROM protect disables the LDC and LOCI Instruc
tions In all modes. ROM lookup tables are not sup
ported In this mode. 

Expanded Register Fiie (ERF). The register file has been 
expanded to allow for additional system control registers 
and for mapping of additional peripheral devices and 
inpuVoutput ports into the register address area. The Z8 
register address space RO through R15 is implemented as 

Bits 3-0 of the Register Pointer (RP) select the active ERF 
group. Bits 7-4 of the RP register select the working 
register group (Figure 7). For the ZB6E03, three system 
configuration registers reside in the ERF address space 
Bank F. For the Z86E06, three system configuration regis
ters reside in the ERF address space Bank F, while three 
SPI registers reside in Bank C. The rest of the ERF address 
space is not physically implemented and is open for future 
expansion. 

511/1023 

On-Chip 
EPROM 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 
~ 

- - - - - - - - - - - -

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

....... 
11 

10 

9 

8 

7 

6 

5 ~ 
~ /,1 

2 

1 

0 

IROS 

IRQS 

IRQ4 

IRQ4 

IR03 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 6. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 
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REGISTER POINTER 

!7j ej sj 4j aj 2j 1j o! 

Working Register 
Grou Pointer 

Expanded Register 
Grou Pointer 

OF1----------1. co._ ________ "'-

Notea: 
General-purpose registers are undefined altar 
power-up, and they are not changed after resat. 

•Will not be reset with a STOP-Mode Recovery. 
U= Unknown 

t=Reserved 

* 
* 

* 

ZS STANDARD CONTROL REGISTERS 
RESET CONDITION 

REGISTER 

SPL u u u u u u 
GPR u u u u u u 
RP 0 0 0 0 0 0 

FC FLAGS u u u u u u 
FB IMR 0 u u u u u 
FA IRQ 0 0 0 0 0 0 

F9 IPR u u u u u u 
FB P01M u u u 0 u u 
F7 P3M u u u u u u 
FB P2M 1 1 1 1 1 1 

F5 Reserved 

F4 Reserved 

F3 PRE1 u u u u u u 
F2 T1 u u u u u u 
F1 TMR 0 0 0 0 0 0 

FO Reserved 

EXPANDED REG. GROUP (F) 
REGISTER RESET CONDITION 

(F)OF WDTMR u u u 0 , 1 

(F)OE Reserved 

(F)OD Reserved 

(F)OC Reserved 

(F)OB SMR 0 0 1 0 0 0 

(F)OA Reserved 

(F)09 Reserved 

(F)OB Reserved 

(F) 07 Reseived 

(F)OB Reseived 

(F)OS Reserved 

(F)04 Reserved 

Reserved 

Reserved 

Reserved 

PCON , 1 1 u u u 

P3 t 1 1 1 u u 
P2 u u u u u u 
Reserved u u u u u u 
Reserved u u u u u u 

Figure 7a. Expanded Register File Architecture (Z86E03) 

u u 
u u 
0 0 

u u 
u u 
0 0 

u u 
u u 
0 0 

1 1 

0 0 

u u 
0 0 

0 1 

0 t 

u 0 

u t 

u u 
u u 
u u 
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REGISTER POINTER 

17l el sl 4l sl 2l 1l ol 
Working Register Elcpanded Register 

Grou Pointer Grou Pointer 

OF 

00 

Notee: 
General-purpose registers are undefined altar 
power-up, and they are not changed altar reset. 

• Wiii not be reset with a STOP-Mode Recovery 
•• Wiii not be met with a STOP-Mode Reccvery, except Bit DO. 

U=Unknown 
t=Reserved 

* 
* 

* 

** 

Z8 STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

SPL u u u u u u 
GPR u u u u u u 
RP 0 0 0 0 0 0 

FC FLAGS u u u u u u 
FB IMR 0 u u u u u 
FA IRO 0 0 0 0 0 0 

F9 IPR u u u u u u 
F8 P01M u u u 0 u u 
F7 P3M u u u u u u 
F6 P2M 1 1 1 1 1 1 

F5 PREO u u u u u u 
F4 TO u u u u u u 
FS PRE1 u u u u u u 
F2 T1 u u u u u u 
F1 TMR 0 0 0 0 0 0 

FO Reserved 

EXPANDED REG. GROUP (F) 
REGISTER RESET CONDITION 

(F)OF WOTMR u u u 0 1 1 

(F)OE Roeerved 

(F)OD Roeerved 

(F)OC -(F)OB SMR 0 0 1 0 0 0 

(F)OA Reserved 

(F)09 -rved 

(F)OB Reserved --rved 

-rved ----PCON 1 1 1 u u u 

EXPANDED REG. GROUP (C) 
REGISTER RESET CONDITION 

SCOH u u u u 0 0 

RxBUF u u '.JL u u u 
SCOMP 0 0 0 0 0 0 

EXPANDED REG. GROUP (0) 
REGISTER RESET CONDITION 

P3 t 1 1 1 u u 
u u u u u u 

u 
u 
0 

u 
u 
0 

u 
u 
0 

1 

u 
u 
0 

u 
0 

0 

0 

u 

0 

u 
0 

u 
u 

u u u u u u JL 
u u u u u u u 

Figure 7b. Expanded Register Fiie Architecture (Z86E06) 

u 
u 
0 

u 
u 
0 

u 
u 
0 
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0 

u 
0 

u 
0 

1 

0 

0 

0 

u 
0 

t 
u 
u 
u 
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FUNCTIONAL DESCRIPTION (Continued) 

R253 RP 

Expanded Register Group 

Working Register Group 

dress 00 to ?F (see Figure 9). The instructions can access 
registers directly or indirectly via an 8-bit address field. 
This allows a short 4-bit register address using the Regis
ter Pointer (Figure 9). In the 4-bit mode, the Register File is 
divided into 16 working register groups, each occupying 
16 continuous locations. The Register Pointer addresses 
the starting location of the active working-register group. 

Note: Default Selling After Reset = 00000000 
General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. Note: 

Figure 8. Register Pointer Register 

Register File. The Register File consists of two 1/0 port 
registers, 60/124 general-purpose registers, and 13/15 
control and status registers. The Z86E03 General-Pur
pose Register file ranges from address 00 to 3F while the 
Z86E06 General-Purpose Register file ranges from ad-

Register R254 has been designated as a general-purpose 
register. 

Stack. An 8-bit Stack Pointer (R255) used for the internal 
stack that resides within the 60/124 general-purpose reg
isters. 

2-12 

--~ 
The upper nibble of the register file address o----- provided by the register pointer specifies 
the active working-register group 

7F 

70 
SF 

60 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 

OF 

00 

Z86C060nly 

Z86C060nly 

Z86C060nly 

ZB6C060nly 

Specified Working 
Register Group 

Register Group 1 

Register Group O 

t------------1/0 Ports 

• Expanded Register Group (0) Is selected 
In this figure by handling bits 03 to DO as 
•o• In Register R253 (RP). 

Figure 9. Register Pointer 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register 

} R15toRO 

}- R15toR4" 

}- R3 to RO" 
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Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler (Z86E03 only has T1). The T1 

prescaler can be driven by internal or external clock 
sources, however, the TO prescaler is driven by the internal 
clock only (Figure 10). 

lntemal Data Bus 

Write Read 

PREO• TO* TO* 
I nltlal 'Allue Initial 'Allue Current 'Allue 

Register Register Register 

6-Bit• 8-bit• 
Down Down 

Internal Counter Counter IRQ4/SPI• 
Clock 

Tour 
External Clock P36 

Clock 
Logic 

6-Bit 8-Bit IRQ5 
Down Down 

Counter Counter 

lntemal Clock 
Gated Clock PRE1 T1 T1 
Triggered Clock Initial 'Allue Initial 'Allue Current 'Allue 

Register Register Register 

liN P31 
Write Read 

• Avallable only In the Z88C08 Internal Data Bus 

Figure 10. Counter/Timer Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When the counter 
reaches the end of count, a timer interrupt request, RQ4 
(TO) or IRQ5 (T1 ), is generated. Note that IRQ4 is software
generated in the Z86E03. 

The counters are programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter-

nal signal input via Port 3. The Timer Mode register config
ures the external timer input (P31) as an external clock, a 
trigger input that can be retriggerable or non-retriggerable, 
or as a gate input for the internal clock. Port 3, line P36 
serves as a timer output (Tour) through which TO (E06 only), 
T1, or the internal clock can be output. The counter/timers 
can be cascaded by connecting the TO output to the input 
of T1 (E06 only). The T1N mode is enabled by setting PRE1 
bit 01 (R243) to 0. 

Interrupts. The Z86E03/E06 has six different interrupts 
from six different sources. The interrupts are maskable and 
prioritized (Figure 11). The six sources are divided as 
follows; three sources are claimed by Port 3 lines P31-P33, 
two sources in the counter/timers, and one source for the 
SPI. The Interrupt Mask Register globally or singularly 
enables or disables the six interrupt requests (Table 2). 

IRQO IRQ2 

IRQ1, 3, 4, 5 

2-14 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Interrupt 
Edge 
Select 

Vector Select 

Figure 11. Interrupt Block Diagram 

IRQ (06, 07) 

6 
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Table 2. Interrupt Types, Sources, and Vectors 

Name 

IRQO 
IRQ 1 
IRQ2 

IRQ3 
IRQ4 
IRQS 

Note: 

Source 

IRQO 
IRQ 1 

IRQ 2, T1N 

IRQ3 
TO/IRQ4 

Tl 

Vector Location 

0, 1 
2,3 
4,5 

6, 7 
8,9 

10, 11 

When enabled, the SPI receive interrupt is mapped to IAQ3 in the Z86E06. 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. An interrupt ma
chine cycle is activated when an interrupt request is 
granted. This disables all subsequent interrupts, saves the 
Program Counter and Status Flags, and then branches to 
the program memory vector location reserved for that 
interrupt. All Z86E03/E06 interrupts are vectored through 
locations in the program memory. This memory location 
and the next byte contain the 16·bit starting address of the 
interrupt service routine for that particular interrupt re
quest. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests need 
service. In the Z86E06, when the SPI is disabled, IRQ3 has 
no hardware source but can be invoked by software (write 
to IRQ3 Register). When the SPI is enabled, an interrupt will 
be mapped to IRQ3 after a byte of data has been received 
by the SPI Shift Register. 

Comments 

External (P32), Rising/Falling Edge Triggered 
External (P33), Falling Edge Triggered 
External (P31), Rising/Falling Edge Triggered 

Software Generated, SPI Receive 
Internal for E06 and Software Generated for E03 
Internal 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling, or both edge trig
gered, and are programmable by the user. The software 
can poll to identify the state of the pin. 

The programming bits for ttie INTERRUPT EDGE SELECT 
are located in the IRQ register (R250), bits 07 and 06. The 
configuration is shown in Table 3. 

Table 3. IRQ Register 

IRQ 
07 06 

0 
0 
1 
1 

Notes: 
F = Falling Edge 
A = Rising Edge 

0 
1 
0 
1 

Interrupt Edge 
P31 P32 

F 
F 
R 
R/F 

F 
R 
F 
R/F 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86E03/E06 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, RC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should be AT 
cut, 10 kHz to 8 MHZ/12 MHz max, with a series resistance 
(RS) less than or equal to 100 Ohms. 

The crystal should be connected acrossXTAL 1 andXTAL2 
using the vendor's recommended capacitor values (ca
pacitance between 1 O pF to 300 pF) from each pin directly 
to the device ground (pin 14). The layout is important to 
reduce ground noise injection. 

XTAL1 XTAL1 

C1 I C1I 

L -= -=-

XTAL2 XTAL2 

C2I C2I 

-= -=-

Ceramic Resonator or LC 
Crystal C1, C2 =22pF 
C1, C2 =47pFTYP* 

L=130µH* F=8 MHz 
F=3MHz 

* Preliminary V&lue Including Pin Parasitics 

The RC oscillator option is EPROM-programmable, to be 
selected by the customer at the time the ZS is EPROM 
programmed. The RC oscillator configuration must be an 
external resistor connected from XTAL 1 to XTAL2, with a 
frequency-setting capacitor from XT AL 1 to ground (Figure 
12). 

In addition, a special feature has been incorporated into 
the Z86E03/E06; in low EMI noise mode (bit 7 of PCON 
register=O) with the RC option selected, the oscillator is 
targeted to consume considerately less 100 current at 
frequencies of 10 kHz or less. 

C1 I 
R 

RC 
@ 5V Vee (TYP) 

C1=33pF* 
R= 1kn* 
F=9.5MHz 

XTAL1 

XTAL2 

External Clock 

Figure 12. Oscillator Configuration 

Power-On Reset. A timer circuit clocked by a dedicated 
on-board RC oscillator is used for the Power-On Reset 
(POR) timer function. The POR time allows V00 and the 
oscillator circuit to stabilize before instruction execution 
begins. The POR timer circuit is a one-shot timer triggered 
by one of the three conditions: 

• Power-Fail to Power-OK Status 

• STOP-Mode Recovery (If 05 of SMR=1) 

• WOT Time-out 

2-16 

The POR time is a nominal 5 ms. Bit 5 of the STOP Mode 
Register determines whether the POR timer is bypassed 
after STOP mode recovery (typical for external clock, and 
RC/LC oscillators with fast start up time). 

HALT. Will turn off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and external interrupts IRQO, 
IRQ1, and IRQ2 remain active. The device may be recov
ered by interrupts either externally or internally generated. 
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STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent. The STOP mode is terminated by a RESET only, either 
by WOT time-out, POR, SPI compare; or SMR recovery. 
This causes the processor to restart the application pro
gram at address OOOC (HEX). Note, the crystal remains 
active in STOP mode if bits 3 and 4 of the WDTMR are 
enabled. In this mode, only the Watch-Dog Timer runs in 
STOP mode. 

In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user executes a NOP 
( opcode=FFH) immediately before the appropriate SLEEP 
instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 
or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

Serlal Peripheral Interface (SPl)-Z86E06 Only. The 
Z86E06 incorporates a serial peripheral interface for com
munication with other microcontrollers and peripherals. 
The SPI does not exist on the Z86E03. The SPI includes 
features such as STOP-Mode Recovery, Master/Slave 
selection, and Compare mode. Table 4 contains the pin 
configuration for the SPI feature when it is enabled. The SPI 
consists off our registers: SPI Control Register (SCON), SPI 
Compare Register (SCOMP), SPI Receive/Buffer Register 
(RxBUF), and SPI Shift Register. SCON is located in bank 
(C) of the Expanded Register Group at address 02. 

Name 

DI 
DO 
SS 
SK 

Table 4. SPI Pin Configuration 

Function 

Data-In 
Data-Out 
Slave Select 
SPI Clock 

Pin Location 

P20 
P27 
P35 
P34 

The SPI Control Register (SCON) (Figure 13) is a read/write 
register that controls; Master/Slave selection, interrupts, 
clock source and phase selection, and error flag. Bit O 
enables/disables the SPI with the default being SPI dis
abled. A 1 in this location will enable the SPI, and a O will 
disable the SPI. Bits 1 and 2 of the SCON register in Master 
mode select the clock rate. The user may choose whether 
internal clock is divide-by-2, -4, -8, or -16. In slave mode, 
Bit 1 of this register flags the user if an overrun of the RxBUF 
Register has occurred. The RxCharOverrun flag is only 
reset by writing a O to this bit. In slave mode, bit 2 of the 

Control Register disables the data-out 1/0 function. If a 1 is 
written to this bit, the data-out pin is released to its original 
port configuration. If a 0 is written to this bit, the SPI shifts 
out one bit for each bit received. Bit 3 of the SCON Register 
enables the compare feature of the SPI, with the default 
being disabled. When the compare feature is enabled, a 
comparison of the value in the SCOMP Register is made 
with the value in the RxBUF Register. Bit 4 signals that a 
receive character is available in the RxBUF Register. 

SCON(C)02 

l~l~l~l~loolool~lool 

L 

(S) Used with BH D7 equal to 0 
(M) Used with Btt 07 equal to 1 

• Default Setting Alter Reset. 

SPI Enable 
0 Disable* 
1 Enable 

RxChll/Overrun (S) 
0 Reset 
1 OVerrun 

CLK Divide (M) 
00 TCLK/2 
01 TCLK/4 
10 TCLK/8 
11 TCLK/16 

00 SPI Port Enable (S) 
0 SPI DO Port Enabled 
1 DO Port to 1/0 

cgmc8r:1;nable 

1 Dt88ble • 

RxCharAvall 
0 Reset 
1 Char. Avail. 

Clock Phase 
o Tran&'Fall 
1 Trans/Rlee 

CLKSource 
0 TCLK 
1 Timer O Output 

Maatar Slava 
O Slava 
1 Master 

Figure 13. SPI Control Register (SCON) 
(Z86E06 Only) 

If the associated IRQ3 is enabled, an interrupt is gener
ated. Bit 5 controls the clock phase of the SPI. A 1 in Bit 5 
allows for receiving data on the clock's falling edge and 
transmitting data on the clock's rising edge. A 0 allows 
receiving data on the clock's rising edge and transmitting 
on the clock's falling edge. The SPI clock source is defined 
in bit 6. A 1 uses TimerO output for the SPI clock, and a O 
uses TCLK for clocking the SPI. Finally, bit 7 determines 
whether the SPI is used as a Master or a Slave. A 1 puts the 
SPI into Master mode and a 0 puts the SPI into Slave mode. 
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FUNCTIONAL DESCRIPTION (Continued) 

SPI Operation (Z86E06 only). The SPI is used in one of 
two modes: either as system slave, or as system master. 
Several of the possible system configurations are shown in 
Figure 14. In the slave mode, data transfer starts when the 
slave select (SS) pin goes active. Data is transferred into 
the slave's SPI Shift Register through the DI pin, which has 
the same address as the RxBUF Register. After a byte of 
data has been received by the SPI Shift Register, a 
Receive Character Available (RCA/IRQ3) flag and inter
rupt is generated. The next byte of data will be received at 
this time. The RxBUF Register must be cleared, or a 
Receive Character Overrun (RxCharOverrun) flag will be 
set in the SCON Register, and the data in the RxBUF 
Register will be overwritten. When the communication 
between the master and slave is complete, the SS goes 
inactive. 

Unless disconnected, for every bit that is transferred into 
the slave through the DI pin, a bit is transferred out through 
the DO pin on the opposite clock edge. During slave 
operation, the SPI clock pin (SK) is an input. In master 
mode, the CPU must first activate a SS through one of it's 
1/0 ports. Next, data is transferred through the master's DO 
pin one bit per master clock cycle. Loading data into the 
shift register initiates the transfer. In master mode, the 
master's clock will drive the slave's clock. At the conclu
sion of a transfer, a Receive Character Available (RCA/ 
IRQ3) flag and interrupt is generated. Before data is 
transferred via the DO pin, the SPI Enable bit in the SCON 
Register must be enabled. 

2-18 

SPI Compare (Z86E06 only). When the SPI Compare 
Enable bit, D3 of the SCON Register is set to 1, the SPI 
Compare feature is enabled. The compare feature is only 
valid for slave mode. A compare transaction begins when 
the (SS) line goes active. Data is received as it it were a 
normal transaction, but there is no data transmitted to 
avoid bus contention with other slave devices. When the 
compare byte is received, IRQ3 is not generated. Instead, 
the data is compared with the contents of the SCOMP 
Register. If the data does not match, DO remains inactive 
and the slave ignores all data until the (SS) signal is reset. 
If the data received matches the data in the SCOMP 
register, then a SMR signal is generated. DO is activated 
if it is not tri-stated by D2 in the SCON Register, and data 
is received the same as any other SPI slave transaction. 

When the SPI is activated as a slave, it operates in all 
system modes; STOP, HALT, and RUN. Slaves' not com
paring remain in their current mode, whereas slaves' 
comparing wake from a STOP or HALT mode by means of 
an SMR. 

SPI Clock (Z86E06 only). The SPI clock maybe driven by 
three sources: TimerO, a division of the internal system 
clock, or the external master when in slave mode. Bit D6 of 
the SCON Register controls what source drives the SPI 
clock. A 0 in bit D6 of the SCON Register determines the 
division of the internal system clock it this is used as the SPI 
clock source. Divide by 2, 4, 8, or 16 is chosen as the 
scaler. 
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Standard Serial Setup 

Standard Parallel Setup 

ss1 
ss2 --i-----. 

I ~l---+-----+------1~--~ 
skt--t--e-----i-....... -----11-ta----1--1 
dot--i--t----11----i--1--..... ---11-t-...... -t--t----, 
dl.--1-+...~--+-t--+-+----11--t ...... -+--+-+-o 

Setup For Compare 

(1) (2) (255) (256) 

Up to 256 slaves per SS line 

Three Wire Compare Setup 

Multiple slaves may have the same address. 

Figure 14. SPI System Configuration (Z86E06 Only) 

Z86E03/E06 CMOS zr 8-Brr OTP 
CoNSUMER CoNlROLl.ER PROCESSOR 
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FUNCTIONAL DESCRIPTION (Continued) 

Receive Character Available and Overrun (Z86E06 
Only). When a complete data stream is received, an 
interrupt is generated and the RxCharAvail bit in the SCON 
Register is set. Bit 4 in the SCON Register is for enabling 
or disabling the RxCharAvail interrupt. The RxCharAvail bit 
is available for interrupt polling purposes and is reset when 
the RxBUF Register is read. RxCharAvail is generated in 
both master and slave modes. While in slave mode, if the 
RxBUF is not read before the next data stream is received 
and loaded into the RxBUF Register, Receive Character 
Overrun (RxCharOverrun) occurs. Since there is no need 

SK 

SS 

DO 

CD 

DI 

for clock control in slave mode, bit D1 in the SPI Control 
Register is used to log any RxCharOverrun (Figure 15 and 
Figure 16). 

No Parameter Min Units 

1 DI to SK Setup 10 ns 
2 SK to DO Valid 15 ns 
3 SS to SK Setup .5 Tsk ns 
4 SS to DO Valid 15 ns 
5 SK to DI Hold Time 10 ns 

Figure 15. SPI Timing (Z86E06 Only) 
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Bit Counter 
/Interrupt 
Control 

SPI Compare Register (SCOMP) Port 
Control 

SK 

DO 

DI 

SS 

SMR 

SPI Shift Register 

SPI Receive Buffer (RxBUF) 

SPI Control 

IRQ3 

SPI 
Clock 

TCLK SCLK+n 

Figure 16. SPI Logic (Z86E06 Only) 

PORT Configuration Register (PCON). The PCON con
figures the ports individually for comparator output on Port 
3, low EMI noise on Ports 2 and 3, and low EMI noise 
oscillator. The PCON Register is located in the Expanded 
Register File at bank F, location 00 (Figure 17). 

Comparator Output Port 3 (DO). Bit 0 controls the com
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34, and P35 and a 0 releases the 
Port to its standard 1/0 configuration. 

Bits D4-D1. These bits are reserved and must be 1. 

LowEMI Port2(05). Port2 is configured asalowEMI Port 
by resetting this bit (05=0) or configured as a Standard 
Port by setting 05= 1. The default value is 1. 

Low EMI Port 3 (06). Port 3 is configured as a Low EMI Port 
by resetting this bit (06=0) or configured as a Standard 
Port by setting 06= 1. The default value is 1. 

Low EMI OSC (07). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive. While a 0 configures the 
oscillator with low noise drive, it does not affect the relation
ship of SCLK and XTAL. 

PCON (F) 00 

lmlool~l~l 00l~l~l 00 J 

O P34, P35 Standard Output' I L Comparator Output Port 3 

'. P34. P35 Comparator Output 

Reserved (Must be 1) 

0 Port 2 Low EMI 
1 Port 2 Slandard' 

'---------- 0 Port3 Low EMI 
1 Port 3 Slandard' 

----------- Low EMI Oscillator 
0 LowEMI 
1 Standard' • Oefautt setting after RESET 

Figure 17. Port Configuration Register (PCON) 
(Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of 
STOP-Mode Recovery (Figure 18). All bits are Write Only 
except bit 7, which is Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of a STOP recovery and 
reset on a power-on cycle. Bit 6 controls whether a low 
level or high level is required from the recovery source. The 
recovery level must be active Low to work with SPI. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4 of 
the SMR specify the source of the STOP-Mode Recovery 
signal. Bit 1 determines whether the XTAL is divided by 1 
or 2. A 0 in this location uses XTAL divide-by-two, and a 1 
uses XTAL. The default for this bit is XTAL divide-by-two. 
Bit O controls the divide-by-16 prescaler of SCLK/TCLK. 
The SMR is located in bank F of the Expanded Register 
Group at address OBH. 

SMR (F)OB 

1~1~1~1~1 00 1~1~1001 E R-MICl(MustbeO) 

External Clock Divide Mode 
0 • SCLK/TCLK • Exlemal/2* 
1 = SCLK/TCLK = ExtemaV1 

Slop Mode Recovery Source 

• DefauH setting alter RESET. 

000 POROnly • 
OOMOO R-MICI 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

Stop Delay 
OOFF 
1 ON* 

Stop Recovery Level 
0 LowLevel. 
1 High Level 

Stop Flag 
0 POR• 
1 Stop Recovery 

Figure 18a. STOP·Mode Recovery Register 
(Write Only except bit 07, which Is Read Only.) 

(Z86E03) 
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SMR (F)OB 

1~1001~1~1001~1~1001 
L_ SCLK/TCLK Dlvlde-by-16 

OOFF"" 

~:nal Clock Divide Mode 
0 • SCLK/TCLK = ExlemaV2" 
1 • SCLK/TCLK = ExtemaV1 

Stop Mode R~ Source 
000 POROnly"' 
001 POROnly 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

~Delay 
1 ON* 

'--~~~~~~~ StopRecoveryLevel 
0 LowLevel. 
1 High Level 

Stop Flag 
0 POR• 

• Defauh setting alter RESET 
1 Slop Recovery 

.. Delault setting alter RESET, and STOP-Mode Reoovery. 

Figure 18b. STOP-Mode Recovery Register 
(Write Only except bit 07, which Is Read Only.) 

(Z86E06) 

SCLK/TCLK Dlvlde-by-16 Select (DO)-Z86E06 Only. 
DO of the SMR controls a divide-by-16 prescaler of SCLK/ 
TCLK. The purpose of this control is to selectively reduce 
device power consumption during normal processor ex
ecution (SCLK control) and/or HALT mode (where TCLK 
sources the counter/timers and interrupt logic). 

External Clock Divide Mode (01). This bit can eliminate 
the oscillator divide-by-two circuitry. When this bit is O, 
SCLK (System Clock) and TCLK (Timer Clock) are equal to 
the external clock frequency divided by two. The SCLK/ 
TCLK is equal to the external clock frequency when this bit 
is set (01=1). Using this bit, together with 07 of PCON, 
helps further lower EMI [i.e., 07 (PCON)=O, 01 (SMR=1]. 
The default setting is 0. 
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STOP·Mode Recovery Source (D2,D3,D4). These three 
bits of the SMR specify the wake-up source of the STOP
Mode Recovery (Figure 19 and Table 5). 

Table 5. STOP·Mode Recovery Source 

SMR Operation 
D4 D3 D2 Description of Action 

0 0 0 POR recovery only 
0 0 1 POR recovery only (E03 = Reserved) 
0 1 0 P31 transition (E03 =Reserved) 
0 1 1 P32 transition (E03 = Reserved) 

0 0 P33 transition (E03 = Reserved) 
0 1 P27 transition 
1 0 Logical NOR of Port 2 bits 0:3 
1 1 Logical NOR of Port 2 bits 0:7 

P31-P33 cannot wake up from STOP Mode if the input lines 
are configured as analog inputs. In the Z86E06, when the 
SPI is enabled and the Compare feature is active, a SMR 
is generated upon a comparison in the SPI Shift Register 
and SCOMP Register, regardless of the above SMR Reg-

SMR 04 03 02 
0 0 0 

VOO 

P27 

SMR 04 03 02 
1 0 1 

ister settings. If SPI Compare is used to wake up the part 
from STOP Mode, it is still possible to have one of the other 
STOP-Mode Recovery sources active. Note: These other 
STOP- Mode Recovery sources must be active level Low 
(bit 06 in SMR set to 0 if P31, P32, P33, and P27 selected, 
or bitD6 inSMR set to 1 if logical NOR of Port2 is selected). 

STOP-Mode Recovery Delay Select (D5). This bit dis
ables the 5 ms RESET delay after STOP-Mode Recovery. 
The default condition of this bit is 1. If the 'fast' wake up is 
selected, the STOP-Mode Recovery source needs to be 
kept active for at least 5 TpC. 

STOP-Mode Recovery Level Select (DS). A 1 in this bit 
position indicates that a high level on any one of the 2 recovery sources wakes the device from STOP Mode. AO 
indicates low level recovery. The default is 0 on POR 
(Figure 19). 

Cold or Warm Start (D7). This bit is set by the device upon 
entering STOP Mode. It is active High, and is 0 (cold) on 
POR/WDT RESET. This bit is Read Only. A 1 in this bit 
(warm) indicates that the device awakens by a SMR 
source. 

SMR 04 03 02 
1 1 0 

SMR 04 03 02 
1 1 1 

ToPOR 

~~~~~~~~~~~~~~~~~~~~~~~~~---;~ 
Stop Mode Recovery Edge 
Select (SMR) 

Figure 19a. STOP Mode Recovery Source (Z86E03) 
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FUNCTIONAL DESCRIPTION (Continued) 

SMR D4 D3 02 

0 0 1 

~ 
0 0 

SMR 04 D3 02 SMR 04 D3 02 SMR 04 D3 02 

VDD 
010 100 101 
0 1 1 

=· p33• 

Stop Mode Recovery Edge 
Select (SMR) 

P33 From Pads 

DlgltaVAnalog Mode 
Select (P3M) 

P27 

"Note: P31, P32 and P33 are not In Analog Mada. 

P23 

SMR 04 D3 02 
1 1 0 

SPI 

"R> P33 Data 
Latch and IRQ1 

Figure 19b. STOP-Mode Recovery Source (Z86E06) 

Watch·Dog Timer Mode Register (WDTMR). The WOT is 
a retriggerable one-shot timer that resets the ZB if it 
reaches its terminal count. The WOT is initially enabled by 
executing the WOT instruction and refreshed on subse
quent executions of the WOT instruction. The WOT cannot 
be disabled after it has been initially enabled. The WOT 
circuit is driven by an on-board RC oscillator or external 
oscillator from XTAL 1 pin. The POR clock source is se
lected with bit 4 of the WOTMR register. 

Note: Execution of the WOT instruction affects the Z (zero), 
S (sign), and V (overflow) flags. 

Bits 0 and 1 control a tap circuit that determines the timeout 
period (on Z86E06 only). Bit 2 determines whether the 
WOT is active during HALT and bit 3 determines WOT 
activity during STOP. If bits 3 and 4 of this register are both 
set to 1, the WOT is only driven by the external clock during 
STOP mode. This feature makes it possible to wake up 
from STOP mode from an internal source. Bits 5 through 7 
of the WDTMR are reserved (Figure 20). This register Is 
accessible only during the first 64 Internal system 
clock cycles from the execution of the first Instruction 
after Power-On Reset, Watch-Dog Reset or a STOP 
Mode Recovery {Figure 21). After this point, the regls-
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ter cannot be modffled by any means, Intentional or 
otherwise. The WDTMR cannot be read and Is located 
In benk F of the Expanded Register Group at address 
location OFH. 

WDTMR (F)OF 

l~l~l~ID4lool02l~lool 

~ I """"" "'"'""' ™""' 00 5 512TpC 
01' 15" 1024 TpC 
10 25 2048TpC 
11 100 8192TpC 

WOT During HALT 
0 OFF 
1 ON" 

..._ ____ WOT During STOP 

0 OFF 
1 ON* 

------ XTAL1ANT RC Select lorWDT 
0 On-Board RC • 
1 XTAL 

--------- Reselved(MustbeO) 

• Default setting after RESET 
t Must be 01 for Z86E03 

Figure 20. Watch-Dog Timer Mode Register 
(Write Only) 
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4Clock 
Filter* t-------1 Clear 

...----1CLK 
18 Clock RESET 

Generator* RESET 

WOT Select* 
(WDTMR) >-------i-------+---1._.,..~W~D-T~TA~P~S-E~LE_C_T_ 

CLKSource 
Select 

(WDTMR) 

XTAL 

Vee 

2VREF 

From Stop 
Mode 

Recovery 
Source 

Stop Delay 
Select (SMR) 

Internal 
RC 

osc. 

12 ns Glitch Filter 

5msPOR 
CLK 

CLR 

5ms 1 Sms 25ms 1 OOms 

WDT/POR Counter Chain 

* Not available on the Z86E03, WOT fixed at 15 ms/1024TpC in the Z86E03. 

Figure 21. Resets and WOT 

Z86E031E06 CMOS zae 8-BIT OTP 
CONSUMER CONTllOLLER PROCESSOR 

Internal 
RESET 

2·25 

fl 



ADVANCE INFORMATION 
Z86E03/06 CMOS Z8' 8-Brr OTP 

CoNSUUER CoNnloWR PllOcEssOR 

FUNCTIONAL DESCRIPTION (Continued) 

WOT Time Select (01,DO). Bits O and 1 control a tap 
circuit that determines the time-out period. Table 6 shows 
the different values that can be obtained. The default value 
of DO and 01 are 1 and 0, respectively. These select bits 
are present in the Z86E06 only. 

Table 6. Time-Out Period of the WOT (Z86E06 Only) 

Time-Out of 
01 DO Internal RC OSC 

0 0 Sms min 
0 1 15 ms min 
1 0 25msmin 
1 1 100 ms min 

Notee: 
TpC = XTAL clock cycle 
The default on reset Is 15 ms, DO= 1 and 01 = 0. 
The values given are for Vee= 5.0V 

Time-Out of 
XTALClock 

256TpC 
512TpC 
1024TpC 
4096TpC 

For the Z86E03, the WDT time-out value is fixed at 1024 TpC (depending 
on WDTMR bit 04) period. When writing to the WDTMR In the Z86E03, bit 
DO must be 1 and 01 must be 0. 

WOT During HALT (02). This bit determines whether or 
not the WOT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1. 

WOT During STOP (03). This bit determines whether or 
not the WOT is active during STOP mode. Since XTAL 
clock is stopped during STOP Mode, unless as specified 
below, the on-board RC must be selected as the clock 
source to the POR counter. A 1 indicates active during 
STOP. The default is 1. If bits 03 and 04 are both set to 1, 
the WOT only, is driven by the external clock during STOP 
mode. 

2-26 

Clock Source for WOT (04). This bit determines which 
oscillator source is used to clock the internal POR and WOT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WOT clock source is driven 
from the external pin, XT AL 1. The default configuration of 
this bit is 0, which selects the internal RC oscillator. 

Bits 5, 6 and 7. These bits are reserved. 

V cc Voltage Comparator. An on-board Voltage Compara
tor checks that V cc is atthe required level to ensure correct 
operation of the device. Reset is globally driven if Vee is 
below the specified voltage (typically 2.6V). 

Low Voltage Protection (VLv>· The Low Voltage Protec
tion trip point (VLv) will be less than 3 volts and above 1.8 
volts under the following conditions. 

Maximum (VLv) Conditions: 

Case 1: TA = -40° to +105°C, Internal Clock (SCLK) 
Frequency equal or less than 1 MHz 

Case 2: TA= -40° to +85°C, Internal Clock (SCLK) Fre
quency equal or less than 2 MHz 

Note: The Internal clock frequency (SCLK) is determined by SMR (F) 
OBHbitD1. 

The device functions normally at or above 3.0V under all 
conditions. Below 3.0V, the device is guaranteed to func
tion normally until the Low Voltage Protection trip point (V Lvl 
is reached, for the temperatures and operating frequen
cies in cases 1 and 2 above. The actual low voltage trip 
point is a function of temperature and process parameters 
(Figure 22). 
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3.2 

3.0 
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2.4 

2.2 
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"' r": ~ 
"' ~ 

- -- - - -- - - - .I - -- -
- - - - - -- - -- ----

~ 
~ 

VLV (Typical) 

""' 

"' -- - -- - - --- -~ - --
-- - --- - --- ~ 

-- --
- - --

2 MHz* 
1 MHz* 

·60 -40 ·20 0 20 40 60 80 100 120 140 

'lltmperature {°C) 

Note: • The typical minimum operating Vee voltage at that frequency. 

Figure 22. Typical Z86E031E06 V Lv Voltage vs Temperature 
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SPECIAL FUNCTIONS 
EPROMMode 

Besides V00 and GND (V55), the Z86E03/E06 changes all 
its pin functions in the EPROM mode. XTAL2 has no 
function, XTAL 1 functions as /CE, P31 functions as /OE, 
P32 functions as EPM, P33 functions as V PP' and P02 
functions as /PGM. 

EPROM Protect. ROM protect is EPROM-programmable. 
It is selected by the customer at the time the ROM code is 
EPROM programmed. The selection of ROM Protect 
disables the LDC and LDCI instructions in all modes. A 
ROM look-up table cannot be used in this mode. 

Application Caution 
Please note that when using the device in a noisy environ
ment, it is suggested that the voltages on the EPM, 
/CE, /OE pins be clamped to V cc through a diode to V cc to 
prevent accidentally entering the OTP mode. The VPP 
requires both a diode and a 100 pF capacitor. 

User Modes. Table 7 shows the programming voltage of 
each mode of Z86E06. 

Table 7. OTP Programming Table 

Programming Modes vpp EPM /CE /OE /PGM AOOR DATA Vee* 

EPROMREAD1 x VH VIL VIL VIH ADDA Out 4.5V 
EPROMREAD2 x VH VIL VIL VIH ADDA Out 5.5V 

PROGRAM VH x VIL VIH VIL ADDA In 6.0V 
PROGRAM VERIFY VH x VIL VIL VIH ADDA Out 6.0V 

EPROM PROTECT VH VH VH VIH VIL NU NU 6.0V 
PERMANENT WDT ENABLED VH VIH VH VIH VIL NU NU 6.0V 

GLOBAL AUTO LATCH DISABLED VH VIH VH VIL VIL NU NU 6.0V 
RC OSCILLATOR VH VIL VH VIH VIL NU NU 6.0V 
Notes: 
In EPROM Mode, all Z8 inputs are TTL inputs. 
VH = 12.SV ±0.5V 
VIH = As per specific ZB DC specification. 
VIL = As per specific ZB DC specification. 
x = Not used, but must be set to V", V,", or v,L level. 
NU = Not used, but must be set to either v," or v,L level. 
1 .. during programming = 40 mA maximum. 
Ice during programming, verify, or read= 40 mA maximum. 
• v cc has a tolerance of ±0.25V. 
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Internal Address Counter. The address of Z86E03/E06 is 
generated internally with a counter clocked through pin 
P01 (Clock). Each clock signal increases the address by 
one and the high level of pin POO (Clear) will reset the 
address to zero. Figure 16 shows the setup time of the 
serial address input. 

Programming Waveform. Figures 24, 25 and 26 show the 
programming waveforms of each mode. Table 7 shows the 
timing of programming waveforms. 

Programming Algorithm. Figure 27 shows the flow chart 
of the Z86E03/E06 programming algorithm. 

Table 8. Timing of Programming Waveforms 

Parameters Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 Vee Setup Time 2 µs 

5 Chip Enable Setup Time 2 µs 
6 Program Pulse Width 0.95 ms 
7 Data Hold Time 2 µs 
8 /OE Setup Time 2 µs 

9 Data Access Time 200 ns 
10 Data Output Float Time 100 ns 
11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 µs 

13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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EPROM Mode 

P01 =Clock 

POO=Clear 

Internal 
Address 

Data 

Vih 

Vil Invalid 

Legend: 

T1 Reset Clock Width 
T2 Input Clock High 
T3 Input Clock Period 
T4 Input Clock Low 

ADVANCE INFORMATION 

Invalid 

T5 Clock to Address Counter Out Delay 

30 nsMin 
30 nsMin 
70 nsMin 
30 ns Min 
15 nsMax 

Valid 

Figure 23. Z86E03/E06 Address Counter Waveform 
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VIH 

Address 
VIL >£ ... ~-· x Address Stable x 

OMin 
VIH 

Data Invalid 
VIL 

VH 

VPP 
VIL 

VH 

~ EPM 
VIL 

® 5.5V 

~ vcc 
4.5V 

VIH ._r /CE 
VIL 

VIH f 
/OE 

VIL 

VIH 

~ /PGM 
VIL 

® 

Figure 24. Z86E031E07 Programming Waveform 
(EPROM Read) 
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EPROM Mode 

Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 
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VIH 

VL 

VIH 

VL 

VH 

VIH 

VH 

VL 

sv 
4.5V 

VIH 

VL 

VIH 

VL 

VIH 

VL 

tc---- Program Cycle __ ___, __ Verify Cycle 

Figure 25. Z86E03/E06 Programming Waveform 
(Program and Verify) 

Z86E03/06 CMOS zae a.err OTP 
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VIH 

Address 
VIL 

VIH 

Data 
VIL 

VH 
VPP 

VIH 

0 
Vee 

El 
/CE 

VIH 
/OE 

VIL 

VH 

EPM VIH 

VIL 

VIH 

/PGM VIL 

EPROM Protect Permanent Auto Latch RC 
WOT Disabled Oscillator 

Figure 26. Z86E03/E06 Programming Waveform 
(EPROM Protect and Low EMI Program) 
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SPECIAL FUNCTIONS (Continued) 
EPROMMode 

Note: 

Increment 
Address 

• To ensure proper operations during the spec., 
Zilog recommends verification over the 
Vee range of the device Vee spec. 

Siert 

Fail 

Fail 

Device Passed 

Figure 27. Z86E03/E08 Programming Algorithm 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage* -0.3 +7.0 v 
VIHM Max Input Voltage** 12 v 
TSTG Storage Temp --65 +150 oc 
TA Oper Ambient Temp t oc 
Notes: 
• Voltage on all pins with respect to GND. 
•• Applies to Port pins only and must limit current 

going into or out of Port pins to 250 µA maximum. 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 28). 

CAPACITANCE 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Figure 28. Test Load Configuration 

TA= 25° C, Vee= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input Capacitance 
Output Capacitance 
1/0 Capacitance 

V cc SPECIFICATION 
V cc = 3.0V to 5.5V 

Min 

0 
0 
0 

Max 

12 pF 
20 pF 
25 pF 
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DC ELECTRICAL CHARACTERISTICS 
Z86E03/E06 

r,.0°c T1•-4G°C 
Vee to+70°C to +105°C Typlcal 

Symbol Parameter Note l3J Min Max Min Max @25°C Units Conditions Notes 

VeH Clock Input High 3.3V 0.9 Vee Vee-l-0.3 0.9Vee Vec+0.3 2.4 v Driven by External 
Voltage Clock Generator 

5.0V 0.9 Vee Vee+0.3 0.9Vcc Vec+0.3 3.9 v Driven by External 
Clock Generator 

veL Clock Input Low 3.3V Vss-0.3 0.2 Vee Vss-0.3 0.2 Vee 1.6 v Driven by External 
Voltage Clock Generator 

5.0V Vss-0.3 0.2 Vee Vss-0.3 0.2Vcc 2.7 v Driven by External 
Clock Generator 

VIH Input High Voltage 3.3V 0.7 Vee Vee+0.3 0.7Vee Vcc+0.3 1.8 v 
5.0V 0.7 Vee Vcc+0.3 0.7Vcc Vcc+0.3 2.8 v 

VIL Input Low Voltage 3.3V Vss-0.3 0.2 Vee Vss-0.3 0.2Vcc 1.0 v 
5.0V Vss-0.3 0.2 Vee Vss-0.3 0.2Vcc 1.5 v 

VOH Output High Voltage 3.3V Vcc-0.4 Vcc-0.4 3.1 v IOH=-2.0 mA (10] 
5.0V Vec--0.4 Vcc--0.4 4.8 v IOH=-2.0mA (10] 

VOL1 Output Low Voltage 3.3V 0.8 0.8 0.2 v IOL =+4.0 mA 1101 
5.0V 0.4 0.4 0.1 v lot. =+4.0 mA 110] 

VOl2 Output Low Voltage 3.3V 1.0 1.0 0.4 v lot. =+6mA, 1101 
3Pin Max 

5.0V 1.0 1.0 0.5 v IOI. =+12 mA, 
3PinMax 

110] 

V OfFSET Comparator Input 3.3V ±10 ±10 :!:5 mV 
Offset Voltage 5.0V ±10 ±10 :!:5 mV 

VICR Input Common 3.3V av Vcc-1.0V av Vcc-1.5v 171 
Mode Voltage Range 5.0V av Vcc-1.0V av Vcc-1.5v 171 

l1L Input Leakage 3.3V -1.0 1.0 -1.0 1.0 µA. V1N=OV, Vee 
5.0V -1.0 1.0 -1.0 1.0 µA. V1N=0V, Vee 

IOL Output Leakage 3.3V -1.0 1.0 -1.0 1.0 µA. V1N=0V, Vee 
5.0V -1.0 1.0 -1.0 1.0 µA. VIN=OV, Vee 

Ice Supply Current 3.3V 6 6 3.0 mA @8MHz 14,5,121 
5.0V 11.0 11.0 6.0 mA @8MHz 14.5.12] 
3.3V 8.0 8.0 4.5 mA @12MHz 14,5,10,13] 
5.0V 15 15 9.0 mA @12 MHz [4,5,10,13] 

108 Input Bias Current 3.3V 300 300 nA [7] 
5.0V 300 300 nA 171 

110 Input Offset Current 3.3V +150 +150 nA [7] 
5.0V +150 +150 nA [7] 
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Z86E03/E06 CMOS ZS' 8-Brr OTP 

CoNSUllER CON'IROLLER PROCESSOR 

TA. 0°C TA=-40°C 
Vee to +70°C lo +105°C Typical 

Symbol Parameter Note 131 Min Max Min Max @25°C Units Conditions Notes 

VOIJ P36 5.0V 1.0 1.0 v l0L =24 mA 

lcc1 Standby Current 3.3V 3.0 3.0 1.3 mA HALT Mode V1N = OV, [4, 5,12] 
Vcc®8 MHz 

5.0V 5 5 3.0 mA HALT Mode V1N = OV, [4, 5,12] 
Vcc®8 MHz 

3.3V 4.5 4.5 2.0 mA HALT Mode V1N = OV, [4,5,13] 
Vcc®12 MHz 

5.0V 7.0 7.0 4.0 mA HALT Mode V1N = OV, [4,5,13] 
Vcc ® 12 MHz m 3.3V 1.4 1.4 0.7 mA Clock Divide-by-16 [4, 5,12] 
@8MHz 

5.0V 3.5 3.5 2.0 mA Clock Dlvide-by-16 [4, 5,12] 
@8MHz 

3.3V 2.0 2.0 1.0 mA Clock Divide-by-16 [4, 5,13] 
@12MHz 

5.0V 4.5 4.5 2.5 mA Clock Divide-by-16 [4, 5,13] 
@12MHz 

5.0V 1.0 1.0 mA HALT Mode@ 12 kHz [4,5,11,13] 

lcc2 Standby Current 3.0V 10 20 1.0 µA STOP Mode V1N= OV, [6, 9] 
VccWDT is not Running 

5.0V 10 20 3.0 µA STOP Mode V1N = OV, [6, 9] 

3.3V 600 600 400 µA 
V cc WOT is not Running 
STOP Mode V1N = OV, [6, 9,12] 
V cc WOT is Running 

5.0V 1000 1000 800 µA STOP Mode V1N = OV, [6, 9,12] 
Vee WDT is Running 

IALL Auto Latch Low 3.3V 7.0 14.0 4.0 µA OV < V1N<Vcc 
Current 

5.0V 20.0 30.0 10 µA OV <V1N <Vee 

IALH Auto Latch High 3.3V -4.0 -8.0 -2.0 µA ov <VIN <Vee 
Current 5.0V -9.0 -16.0 -5.0 µA OV <VIN <Vee 

TPOR Power-On Reset 3.3V 7 24 6 25 13 ms 
5.0V 3 13 2 14 7 ms 

VLV V cc Low Voltage 2.2 2.8 1.7 3.0 2.6 v 6 MHz max Int. CLK Freq. [3] 
Protection Voltage 

Notes: 
[1] 1001 Typ Max Unit Freq [7] For analog comparator inputs when analog 

Clock Driven on XTAL 0.3 5.0 mA 8MHz comparators are enabled. 
Crystal or Ceramic Resonator 3.0 5.0 mA 8MHz [8] Excludes clock pins. 

[2] V55 = OV = GND [9] Clock must be forced Low when XTAL 1 is clock-driven 
[3] V cc= 3.0V to 5.5V. The VLv increases as the temperature and XT AL2 is floating. 

decreases. Typical values measured at 3.3V and 5.0V. [10] STD mode (not low EMI mode). 
[4] All outputs unloaded, 1/0 pins floating, inputs at rail. [11] Low EMI Oscillator enabled. 
[5] CL,= CL2 = 100 pF [12] Z86E03 only. 
[6] Sama as note [ 4] except inputs at V cc· [13] Z86E06 only. 
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ADVANCE INFORMATION 

AC ELECTRICAL CHARACTERISTICS 
Z86E03/E06 

Clock 

Z86E03/06 CMOS ZS' a.BIT OTP 
CONSUMER C0NTIIOLLER PROCESSOR 

Clock~ Setup 

11 

Source 

Figure 29. Additional Timing 

AC ELECTRICAL CHARACTERISTICS 
(SCLK/TCLK = EXTERNAL/2) 

TA= 0°c To +70°C TA =-40°C To +105°C 
Vee 8MHz 1111 12 MHz 1111 8MHz 1111 12 MHz1111 

No Symbol Parameter Note[31 Min Max Min Max Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 DC 83 DC 125 DC 83 DC ns (1,7,8] 
5.5V 125 DC 83 DC 125 DC 83 DC ns (1,7,8] 

2 TrC,TfC Clock Input Rise 3.0V 25 15 25 15 ns (1,7,8] 
and Fall Times 5.5V 25 15 25 15 ns [1,7,8] 

3 TwC Input Clock Width 3.0V 62 41 62 41 ns [1,7,8] 
5.5V 62 41 62 41 ns (1,7,8] 

4 TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns [1,7,8] 
5.5V 70 70 70 70 ns [1,7,8] 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC (1,7,8] 
5.5V 5TpC 5TpC 5TpC 5TpC [1,7,8] 
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•21l.Cl6 ADVANCE INFORMATION Z86E03/E06 CMOS ZS' S·BIT OTP 
CoNSUllER CONlROWR PROCESSOR 

AC ELECTRICAL CHARACTERISTICS (Continued) 
(SCLK/TCLK = EXTERNAU2) 

TA= 0°c TO +70°C Ta =-40°C TO+ 105°C 
Vee 8 MHz1111 12 MHz!111 8 MHz1111 12 MHz1111 

No Symbol Parameter Note 131 Min Max Min Max Min Max Min Max Units Notes 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC (1,7,8] 
5.5V 8TpC 8TpC 8TpC 8TpC (1,7,8] 

7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns (1,7,8] 
TtTin and Fall Timer 

5.5V 100 100 100 100 ns (1,7,8] 

8 Twll Int. Request Input 3.0V 100 100 100 100 ns (1,2,7,8] 
Low Time 

5.5V 70 70 70 70 ns (1,2,7,8] 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC (1,2,7,8] 
High Time 

5.5V 5TpC 5TpC 5TpC 5TpC [1,2,7,8] 

10 Twsm STOP Mode Recovery 3.0V 12 12 12 12 (1,8,10] 
Width Spec 

5.5V 12 12 12 12 [1,8,10] 

11 Tosi Oscillator Startup Time 3.0V 5TpC 5TpC 5TpC 5TpC ns (1,3,4,9] 
5.5V 5TpC 5TpC 5TpC 5TpC ns (1,3,4,9] 

12 Twdt Watch-Dog Timer 
Refresh Time 3.0V 15 15 12 12 ms 00=0 [5,6] 

5.5V 5 5 3 3 ms D1=0 [5,6] 
3.0V 30 30 25 25 ms DO= 1 (5,6] 
5.5V 16 16 12 12 ms D1 =0 (5,6] 
3.0V 60 60 50 50 ms DO= 0 (5,6] 
5.5V 25 25 30 30 ms D1=1 (5,6] 
3.0V 250 250 200 200 ms DO= 1 (5,6] 
5.5V 120 120 100 100 ms D1 = 1 (5,6] 

Notu: 
[1] Timing Reference uses 0.7 Vee for a logic 1 

and 0.2 V cc for a logic 0. 
[2] Interrupt request via Port 3 (P31-P33). 
[3] V cc= 3.0V to 5.5V. 
[4] SMR-05 = 0, POR delay is off. 
[5] WDTMR Register 
[6] Internal RC Oscillator only. 
[7] SMR 01 = 0, SCLK = External/2 
[8] Maximum frequency for internal system clock is 4 MHz when using 

SCLK = EXTERNAL clock mode. 
[9] For RC and LC oscillator and for clock-driven oscillator. 
[10] SMR-D5 = 1, STOP-Mode Recovery delay is on. 
[11] Z86E03 = 8 MHz: Z86E06 = 12 MHz. 
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<t'2H.Jl6 ADVANCE INFORMATION 
Z86E03/06 CMOS 7.8' 8-Brr OTP 

CoNSUMER CoNlROUER PROCESSOR 

AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Divide-By-One Mode, SCLK!TCLK == EXTERNAL) 

TA= 0°c to +70°C TA =-40°C to +105°C 
Vee 4MHz 4MHz 

No Symbol Parameter Note [6] Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 250 DC 250 DC ns [1,7,8) 
5.5V 250 DC 250 DC ns [1,7,8) 

2 TrC,TfC Clock Input Rise & Fall Times 3.0V 25 25 ns [1,7,8) 
5.5V 25 25 ns [1,7,8) 

3 TwC Input Clock Width 3.0V 125 125 ns [1,7,8) 
5.5V 125 125 ns (1,7,8] 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns (1,7,8) 
5.5V 70 70 ns (1,7,8) 

5 TwTinH Timer Input High Width 3.0V 3TpC 3TpC (1,7,8) 
5.5V 3TpC 3TpC (1,7,8) 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC (1,7,8) 
5.5V 4TpC 4TpC [1,7,8) 

7 Tr Tin, Timer Input Rise & Fall Timer 3.0V 100 100 ns (1,7,8] 
TITin 5.5V 100 100 ns [1,7,8] 

8 TwlL Int. Request Low Time 3.0V 100 100 ns (1,2,7,8] 
5.5V 70 70 ns (1,7,8] 

9 TwlH Int. Request Input High Time 3.0V 3TpC 3TpC (1,2,7,8) 
5.5V 3TpC 3TpC [1,2,7,8) 

10 Twsm Stop-Mode Recovery Width Spec 3.0V 12 12 ns [1,4,) 
5.5V 12 12 ns (1,4) 

11 Tosi Oscillator Startup Time 3.0V 5TpC 5TpC (1,3,8,9) 
5.5V 5TpC 5TpC (1,3,8,9] 

Notes: 
[1) Timing Reference uses 0.7Vcc for a logic 1and0.2 Vee for a logic O. 
[2) Interrupt request via Port 3 (P33-P31 ). 
[3) SMR-05 = 0. 
[4] SMR-05 = 1, POR STOP mode delay is on. 
[5] Reg. WOTMR. 
[6) V cc= 3.0V to 5.SV. 
[7] SMR 01=1. 
[8] Maximum frequency for internal system clock is 4 MHz when using 

XTAL divide-by-one mode. 
[9] For RC and LC oscillator, and for oscillator driven by clock driver. 
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ADVANCE INFORMATION 
Z86E03/E06 CMOS zat 8-Brr OTP 

CONsullER CoNTROLLER PROCESSOR 

EXPANDED REGISTER FILE CONTROL REGISTERS 

SMR (F)OB 

~~~CU< Divide by 16 (EOS)t 

10N 

• Default setting after RESET. 

Extemal Clock Divide Mode 
o SCLKfTCLK = Externav2· 
1 SCLKfTCLK = ExternaV1 

Stop Mode Recovery Source 
000 POR Only• 
001 POR Onlytt 
010 P31 tt 
011 P32 tt 
100 P33tt 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

g1iwe1ay 

1 ON" 

Stop Recovery Level 
0 Low level. 
1 High Level 

Stop Flag 
0 POR• 
1 Stop Recovery 

·; ~~~!:'.!1!1! ~~~~;~~and STOP-Mode Recovery. 

tt EOSonly 

Figure 30. STOP-Mode Recovery Register 
(Write Only except bit 07, which Is Read Only) 

WDTMR (F)OF 

1~51D41031DL21~ 
WDTTApt INTRCOSC 

00 5 
01· 15. 
10 25 
11 100 

WOT During HALT 
0 OFF 
1 ON* 

'------- WOT During SlOP 
0 OFF 
1 ON* 

XTALCLK 
512TpC 

1024TpC 
2048TpC 
8192TpC 

"------- XTALlnNT RC Select for WOT 
0 On-Board RC • 
1 XTAL 

'---------- Reserved (Must be O) 

• Default setting after RESET. 
t For EOS; E03 must be DO. 1, DI • o. 

Figure 31. Watch-Dog Timer Mode Register 
(Write Only) 

PCON (F)OO 

Comparator 
Output PORT 3 
0 P34, P35 Standard Output' 
1 P34, P35 Comparator Output 

• Default Setting After Reset. 

Reserved (Must Be 1) 

Low EMI PORT 2 
0 Low EMI Noise 
1 Standard• 

Low EMI PORT 3 
O Low EMI Noise 
1 Standard• 

Low EM! Oscillator 
0 Low EMI Noise 
1 Standard• 

Figure 32. PORT Control Register 
(Write Only) 

SCON(C)02 

L 

(S) Used with Bit D7 equal to o 
(M) Used with Bit D7 equal to 1 

• Default Setting After Reset. 

SPI Enable 
0 Disable* 
1 Enable 

RxCharOverrun (S) 
o Reset 
1 overrun 

CU< Divide (M) 
00 TCLK/2 
01 TCLK/4 
10 TCLK/8 
11 TCLK/16 

DO SP! Port Enable (S) 
0 SPI DO Port Enabled 
1 DO Port to VO 

cg'W,,~tinable 

1 Disable* 

RxCharAvall 
0 Raset 
1 Char. Aval!. 

Clock Phase 
o Trans/Fall 
1 Trans/Rise 

CLKSource 
0 TCLK 
1 Timer O Output 

Master Slave 
O Slave 
1 Master 

Figure 33. SPI Control Register 
(Z86E06 Only) 
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ADVANCE INFORMATION 
Z86E03/06 CMOS Z8' 8-BIT OTP 

CoNSUUER CoNTROLLER PROCESSOR 

EXPANDED REGISTER FILE CONTROL REGISTERS (Continued) 

Figure 34. SPI Compare Register 
(Z86E06 Only) 

ZS CONTROL REGISTER DIAGRAMS 

R240 

R241TMR 

Reserved 

Figure 36. Reserved 

o No Function (E06 only) • 
1 LoadTo 

o Disable T 0count (E06 only)• 
1 Enable Ta Count 

O No Function 
1 LoadT 1 

O Disable T 1 Count 
1 Enable T 1 Count 

T1N Modes 
00 External Clock Input 
01 Gate Input 
10 Trtgger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Retrtggerable) 

ToUT Mode 
oo NotUsed 

•Must be O for the Z86E03. 01 T 0 OUT (E06 only) 
10 T10UT 

R242T1 
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11 Internal Clock Out 

Figure 37. Timer Mode Register 
(F1": Read/Write) 

!LlnltialValue 
(When Wrttten) 
(Range 1-256 Decimal 
01-00 HEX) 
T1 CurrentValue 
(When READ) 

Figure 38. Counter Timer 1 Register 
(F2": Read/Write) 

R243 PRE1 

R244 TO 

R245PREO 

Figure 35. SPI Receive Buffer 
(Z86E06 Only) 

Count Mode 
O T 1 Single Pass 
1 T t Modulo-N 

Clock Source 
1 T 1 Internal 
O T 1 External Timing Input 

(TIN) Mode 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 39. Prescaler 1 Register 
(F3H: Write Only) 

'.q_lnltial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00HEX) 
To Current Value 
(When READ) 

Figure 40. Counter/Timer 0 Register 
{F4H: Read/Write; Z86E06 Only) 

1~1 00 1~1~1 00 1~1~1 00 1 IL __ 
o T 0 Single Pass 
1 T0Modulo N 

MuslbeO. 

'-------- Prescaler Modulo 
(Range: 1-64 Decimal 
01·00HEX) 

Figure 41. Prescaler O Register 
(FSH: Write Only; Z86E06 Only) 



ADVANCE INFORMATION Z86E031E06 CMOS zse 8-Brr OTP 
CONSUllER COHlllOLLER PROCESSOR 

R246P2M 

R247P3M 

P2 7 - P2o VO Definition 
0 Deflnes Bit as OUTPUT 
1 Deflnes Bit as INPUT 

Figure 42. Port 2 Mode Register 
(F6": Write Only) 

o Port 2 Open Drain 
1 Port 2 Push-pull 

Port 3 Inputs 
0 Digital Mode 
1 Analog Mode 

Reserved (Must be O) 

Figure 43. Port 3 Mode Register 
(F7 H: Write Only) 

R248 P01M 

l 00 l~l 00l~loolool~l 00 I 

I I """[_ Reserved (Must be O) 

... ---- Reserved(Mustbe1) 

L.--------- Reserved (Must be O) 

Figure 44. Port 0 and 1 Mode Register 
(FSH: Write Only) 

R249 IPR 

fool~l~l~loolool~lool 

"T l 
Interrupt Group Priority 

000 Reserved 

R250 IRO 

001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1' tRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IRQ4>1RQ1 

IRCO, IRQ2 Priority (Group B) 
0 IRQ2>1RQO 
1 IRQO>IRQ2 

IRQ3, IRQS Priority (Group A) 
0 IR05>1RQ3 
1 IRQ3>1RQ5 

Reserved (Must be O) 

Figure 45. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = Software Controlled/SPI 
IRQ4 = TO (E03 Software only) 
IR05=T1 

inter Edge 
00 P31 J. P32 J. 
01 P31 J. P32 t 
10 P31 t P32 J. 
11 P31 tJ. P32 tJ. 

Figure 46. Interrupt Request Register 
(FAH: Read/Write) 
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ADVANCE INFORMATION 
Z86E03/06 CMOS ZS' 8-Brr OTP 

CONSUMER CONTROLl.ER PROCESSOR 

ZS CONTROL REGISTER DIAGRAMS (Continued) 

R251 IMFI 

IIDlool~l~loolool~lool 

j .___I -

1 Enables IRQS-IRQO 
(Do •IRQO) 

Reserved (Must be O) 

1 Enables Interrupts 

R252Aags 
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Figure 47. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag Fl 

UserFlagF2 

Han Carry Flag 

Decimal Adjust Flag 

overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 48. Flag Register 
(FCH: Read/Write) 

R253 RP 

IIDlool~l~l 00 l 00 l~lool 

I ...__.I - Expanded Register File Pointer 

Working Register Pointer 

R254GPR 

R255SPL 

Figure 49. Register Pointer 
(FDH: Read/Write) 

Figure 50. General Purpose Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SPo - SP 7) 

Figure 51. Stack Pointer 
(FFH: Read/Write) 



ADVANCE INFORMATION Z86E03/E06 CMOS zae 8-Brr OlP 
CoNSUMER CoNTROLLER PROCESSOR 

INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 
address 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Flags. Control register (R252) contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 
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{t)2JU]6 ADVANCE INFORMATION 
Z86E03/06 CMOS ZS9 8-BIT OTP 

CONSUMER CONTROLl.ER PROCESSOR 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry C=1 
1111 NC No Carry C=D 
0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (SXORV) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=O 
0111 ULT Unsigned Less Than c = 1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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ADVANCE INFORMATION 
Z86E031E06 CMOS zr 8-Brr OTP 

CONSUMER CONTROUBI PROCESSOR 

INSTRUCTION FORMATS 

OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC I MODE CLR, CPL, DA, DEC, 

dst/src ooj 1110 I dsVsrc I DECW, INC, INCW, 
PDP, PUSH, RL, RLC, 
RR. RRC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dst 00111101 dst 

OPC SRP 

VALUE 

OPC I MODE ADC, ADD, AND, CP, 

dst : src 
OR, SBC, sue. TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src src/dst 
LDC, LOCI 

I dst/src I OPC LO 

00111101 src src/dst 

dst OPC LO 

VALUE 

I dst/CC L OPC DJNZ,JR 

FFH STOP/HALT 

eFH I 7R-I 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" f- ". For example: 

dst f- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

ffi::: :::: : 

~00 1110 

t:::]d 00 ---1110 dst 

SIC 

MODEj OPC 

dsVsrc} x 

ADDRESS 

ADC, ADD, AND. CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

LO 

LO 

JP 

CALL 

Three-Byte Instructions 

notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 
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~21LCE ADVANCE INFORMATION 
Z86E03/06 CMOS zse &-BIT OTP 

CONSUMER CONTROLLER PROCESSOR 

INSTRUCTION SUMMARY (Continued} 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) CZSVDH and Operation dst src Byte(Hex) CZSVDH 

ADC dst, src t 1[ l ****o* INCdst rE - * * * - -
dstt-dst + src +C dstt-dst + 1 r=O-F 

R 20 
ADD dst, src t 0[ l ****o* IR 21 
dstt-dst + src 

INCWdst RR AO - * * * AND dst, src t 5[ 1 - * * 0 dstt-dst + 1 IR A1 
dstt-dst AND src 

IRET BF * * * * ** CALLdst DA D6 - - - - - - FLAGSt-@SP; 
SPt-SP-2 IRR D4 SPt-SP+ 1 
@SPt-PC, PCt-@SP; 
PCt-dst SPt-SP+2; 

CCF EF * - - - - - IMR(7)t-1 

Ct-NOTC JP cc, dst DA cD - - - - - -
CLR dst R BO if cc is true, C=O-F 

dst+-0 IR B1 PCt-dst IRR 30 

COM dst R 60 - * * 0 
JR cc, dst RA cB - - - - - -

dstt-NOT dst IR 61 if cc is true, C=O-F 
PCt-PC +dst 

CP dst, src t A[ l * * * * - - Range: +127, -128 
dst - src 

LO dst, src Im re r - - - - - -
DAdst R 40 * * * x dstt-src r R r8 
dstt-DA dst IR 41 R r r9 

r=O-F 
DECdst R 00 - * * * r x Cl 
dS!t-dSl-1 IR 01 x r 07 

DECWdst RR 80 - * * * r Ir E3 

dstt-dst-1 IR 81 Ir r F3 
R R E4 

DI BF - - - - R IR E5 
IMR(7)t-O R IM E6 

IR IM E7 
DJNZr, dst RA rA - - - - - - IR R F5 
rt-r-1 r=O-F 
if r*O LDC dst, src Irr C2 - - - - - -
PCt-PC+dst dst+-src 
Range: + 127, 128 

LOCI dst. src Ir Irr C3 - - - - - -
El 9F - - - - - - dstt-src 
IMR(7)t-1 rt-r + 1;rrt-rr+1 

HALT 7F - - - - - - NOP FF - - - - - -
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ft)z;u::a; ADVANCE INFORMATION Z86E03/E06 CMOS ZS' 8-Brr OTP 
CONSUMER CONTROLLER PROCESSOR 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) CZSVDH and Operation dst src Byte(Hex) CZSVDH 

OR dst, src t 4( l - * * 0 - - SUB dst, src t 2[ l * * * * 1 * 
dslt-dst OR src dst t-dst - src 

POP dst R 50 - - - - - - SWAP dst R FO x * * x 
dstt-@SP; IR 51 ,,25 IR F1 
SPt-SP+ 1 o! 

PUSH src R 70 - - - - - -
SPt-SP-1; IR 71 TCM dst, src t 6[ l - * * 0 
@SPt-src (NOT dst) AND src 

RCF CF 0 - - - - - TMdst, src t 7( l - * * 0 El Ct-0 dstAND src 

RET AF - - - - - - WOT 5F - x x x 
PCt-@SP; 
SPt-SP+2 XOR dst, src t B[ l - * * 0 

dstt-dst XOR src 
RL dst R 90 ****•- t These instructions have an identical set of addressing modes, which 

~ 
IR 91 are encoded for brevity. The first opcode nibble is found in the instruction 

set table above. The second nibble is expressed symbolically by a '( ]' 
in this table, and its value is found in the following table to the left of the 

RLC dst R 10 ****-- applicable addressing mode pair. 
IR 11 

~ For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

RR dst R EO ****·-
IR E1 Address Mode Lower 

~~ dst src Opcode Nibble 

RRC dst R co ****·- [2] 
IR C1 

~ Ir [3] 

SBC dst, src t 3( l * * * * 1 * 
dslt-dst-src-C R R (4] 

SCF OF - - - - - R IR [5] 
Ct-1 

R IM [6] SRAdst R DO * * * 0 - -

@ 
IR 01 IR IM [7] 

SRP dst Im 31 - - - - - -
RPt-src 

STOP 6F - - - - -

2-49 



ADVANCE INFORMATION 
Z86E03106 CMOS Z8' 8-BIT OTP 

CoNSUllER CoNlAOUER PROCESSOR 

OPCODE MAP 

0 

2 

3 

4 

& 

6 

9 

A 

B 

c 

D 

E 

F 

2-50 

Lower Nlbble (Hex) 

0 2 3 4 5 6 7 8 9 A B c D E F 

6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5 6.5 12/10.5 12/10.0 6.5 12.10.0 6.5 
DEC DEC ADD ADD ADD ADD ADD ADD LD LD DJNZ JR LD JP INC 
R1 IR1 r1, r2 r1, lr2 R2, R1 IR2, R1 R1, IM IR1,IM r1, R2 r2, R1 r1, RA cc RA r1 IM cc, DA r1 

1--
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 

RLC RLC ADC ADC ADC ADC ADC ADC 
R1 IR1 r1, r2 r1, lr2 R2, R1 IR2, R1 R1, IM IR1,IM 1--
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 
INC INC SUB SUB SUB SUB SUB SUB 
R1 IR1 r1, r2 r1, lr2 R2,R1 IR2, R1 R1, IM IR1,IM 1--
8.0 6.1 6.5 6.5 10.5 10.5 10.5 10.5 
JP SRP SBC SBC SBC SBC SBC SBC 

IRR1 IM r1, r2 r1, lr2 R2, R1 IR2,R1 R1, IM IR1,IM 
1--

8.5 8.5 6.5 6.5 10.5 10.5 10.5 10.5 
DA DA OR OR OR OR OR OR 
R1 IR1 r1, r2 r1, lr2 R2,R1 IR2,R1 R1, IM IR1, IM 

1--
10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5 6.0 
POP POP AND AND AND AND AND AND WDT 
R1 IR1 r1, r2 r1, lr2 R2, R1 IR2, R1 R1, IM IR1,IM 

~ 6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 
COM COM TCM TCM TCM TCM TCM TCM STOP 

R1 IR1 r1, r2 r1, lr2 R2,R1 IR2,R1 R1, IM IR1, IM 

~ 10/12.1 12/14.1 6.5 6.5 10.5 10.5 10.5 10.5 
PUSH PUSH TM TM TM TM TM TM HALT 

R2 IR2 r1, r2 r1, lr2 R2,R1 IR2, R1 R1, IM IR1, IM 

~ 10.5 10.5 
DECW DECW DI 

RR1 IR1 
~ 6.5 6.5 

RL RL El 
R1 IR1 

~ 10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5 
INCW INCW CP CP CP CP CP CP RET 
RR1 IR1 r1, r2 r1, lr2 R2,R1 IR2, R1 R1, IM IR1, IM 

~ 6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 
CLR CLR XOR XOR XOR XOR XOR XOR IRET 
R1 IR1 r1, r2 r1, lr2 R2,R1 IR2, R1 R1, IM IR1, IM 1---i 
6.5 6.5 12.0 18.0 10.5 6.5 

RRC RRC LDC LDCI LD RCF 
R1 IR1 r1, lrr2 lr1, lrr2 r1,x,R2 

~ 6.5 6.5 20.0 20.0 10.5 
SRA SRA CALL* CALL LD SCF 
R1 IR1 IRR1 DA r2,x,R1 

6.5 6.5 6.5 10.5 10.5 10.5 10.5 ~ 
RR RR LD LD LD LD LD CCF 
R1 IR1 r1, IR2 R2,R1 IR2, R1 R1, IM IR1, IM 

1---i 
8.5 8.5 6.5 10.5 6.0 

SWAP SWAP LD LD ~' ~. ' ' 
NOP 

R1 IR1 lr1, r2 R2, IR1 

~, ________ ,'r',,,_ ______ __..A..~--------~'r' ..... --------~.A..~----------,,..~-----------~ 
2 3 Bytq per Instruction 2 3 

Execution 
Cycles 

First 
Operand 

Lower 
Opcode 

Nibte 

4 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Legend: 
R = 8-bit address 
r = 4-bit address 
R1 or r 1 = Ost address 
R 2 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: The blank areas are reserved. 

• 2-byte instruction appears 
as a 3-byte instruction 



AD VANCE INFORMATION 

PACKAGE INFORMATION 

SYMBOL MILLIMETER 
HIN MAX 

Al 0.51 o.et 
[I A2 3.25 3.43 

B 0.38 0.53 
Bl \.14 J.65 
c 0.23 0.38 

1------ D ----"! D 22.35 23.37 
E 7.62 8.13 
El 6.22 6.48 

II 2.54 TYP 

~A 7.87 S.89 
L 3.18 3.81 
QI 1.52 1.65 
s 0.89 1.65 

Z86E03/E06 CMOS 'II 8-BIT OTP 
CONSUMER COHT!loLLER PROCESSOR 

INCH 
HIN MAX 

.020 .032 

.li!8 .135 

.015 .021 

.045 .065 

.009 .015 

.eeo .9i!O 

.300 .320 

.245 .255 
.tOO TYP 

.310 .350 

.12s .150 

.060 .065 

.DJS .065 

CONTROLLING DIMENSIONS • INCH 

s Iii J 

18-Pln DIP Package Diagram 

£ H 

~QI 
HILLlll£T£R INCH 

SYHllDL 
MIN MAX MIN MAX 

" e.4o 2.65 .G94 ,!04 

111 0.10 G.30 .004 .Ote 
A2 2.24 e.44 .oea .D96 

I 0.36 0.46 .Gl4 .018 

c 0.23 0.30 .oG9 .ate 
D 1L40 IL75 .449 .463 

E 7.40 7.60 .291 J!99 

CllNTRCLLINli DIMENSIONS 1 MM • 1.27 TYP .ll'50 TYP 
LEADS ARE CDPLNIM VITHIN .004 INCH. H 10.00 10.65 .394 .419 

h 0.30 0.40 .oie .Dl6 

L G.60 1.00 .111!4 .039 
QI 0.97 L07 .038 .041! 

18-Pln SOIC Package Diagram 

2-51 
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ORDERING INFORMATION 

Z86E03 (8 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86E0308PSC Z86E0308SSC 

Z86E06 (12 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86E0612PSC Z86E0612SSC 

ADVANCE INFORMATION 

Extended Temperature 
18-Pin DIP 18-Pln SOIC 

Z86E0308PEC Z86E0308SEC 

Extended Temperature 
18-Pin DIP 18-Pin SOIC 

Z86E0612PEC Z86E0612SEC 

Z86E03/06 CMOS zse 8-BIT OTP 
CONSUMER CONTROLLER PROCESSORS 

For fast results, contact your local Zilog sales office for assistance in ordering the part(s) desired. 

CODES 

Preferred Package 
P = Plastic DIP 

Longer Lead Time 
S = Plastic SOIC 

Preferred Temperature 
S = 0°c to +70°C 

Longer Lead Time 
E = -40°C to + 105°C 

Speeds 
08 = 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86E03 08 P S C 

~ 

2-52 

is a Z86E03, 8 MHz, DIP, 0°c to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 



Z86C04/C08 CMOS ZS® Low Cost El 
1 K /2K ROM Microcontrollers 





PRODUCT SPECIFICATION 

Z86C04/Z86C08 
CMOS ZS® 8-BIT LOW-COST 
1 K/2K-ROM MICROCONTROLLERS 

FEATURES 

• The Z86C04/C08 Devices Have the Following General • Three Digital Inputs at CMOS Levels 

• 
• 
• 
• 
• 
• 
• 

• 
• 

Characteristics: 

Part 
Z86C04 
Z86COB 

ROM 
1 Kbytes 
2 Kbyte 

RAM 
124 
124 

1B-Pin Package (DIP and SOIC) 

3.0V to 5.5V Operating Range 

Speed 
BMHz 
12 MHz 

Operating Temperature: -40°C to+ 105°C 

Clock Speed up to 8 MHz (C04), 12 MHz (COB) 

Low Power Consumption: 50 mW (Typical) 

Low Voltage Protection 

Fast Instruction Pointer: 1.5 µs@ B MHz (C04), 
1.00 µs @ 12 MHz (COB) 

Two Standby Modes: STOP and HALT 

14 Input/Output Lines 

GENERAL DESCRIPTION 

The ZB6C04/COB Microcontroller Units (MCUs) are mem
bers of the Z8® single-chip microcontroller family with 124 
bytes of general-purpose RAM and 1/2 Kbytes of ROM, 
respectively. The devices are offered in 18-pin DIP and 
SOIC style packages and are manufactured in CMOS 
technology. Zilog's low-cost, low-power consumption 
ZB6C04/COB offers all the outstanding features of the ZB 
family architecture, plus easy software/hardware system 
expansion. 

For applications demanding powerful 1/0 capabilities, the 
ZB6C04/C08 provides 14 pins dedicated to input and 

• Eleven Digital Inputs at CMOS Levels; 
Schmitt-Triggered 

• Two Programmable B-Bit Counter/Timers, each 
with a 6-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Software-Enabled Watch-Dog Timer 

• Power-On Reset Timer 

• Two On-Board Comparators 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive 

• Programmable Interrupt Polarity 

• Auto Latches 

• ROM Protect, Low EMI Options 

output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/0, timing, 
and status signals. There are two basic address spaces 
available to support this configuration: Program Memory, 
and 124 bytes of general-purpose RAM. 

To unburden the system from coping with real-time tasks, 
such as counting/timing and 1/0 data communications, the 
Z86C04/COB offers two on-chip counter/timers with a large 
number of user-selectable modes. Additionally, two on
board comparators process analog signals with a com
mon reference voltage (Figure 1 ). 

3-1 
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GENERAL DESCRIPTION (Continued) 

Notes: 

86C04/08 CMOS zae 
B·BIT MICROCONTROLLER 

Characterized by a flexible 1/0 scheme, an efficient regis
ter and address space structure, and a number of ancillary 
features, the Z86C04/C08 is well-suited for a variety of 
consumer, industrial and commercial applications. 

All Signals with a preceding front slash, 'f', are active Low, e.g.: 

3·2 

B/NJ (WORD is active Low); /BNJ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Input Vee 

Connection 

Power 
Ground 

GND 

Circuit 

Vee 
GND 

XTAL 

Port 3 
11.A,._ ______________ ......_""' Machine 

Control 
l'v-1 ...----~J------~-v,,.1iming & Inst. 

Counter/ 
Timers (2) 

Interrupt 
Control 

TwoAnalog ~ 
Comparators ~ 

Port 2 

~ ~ ~ 4 I 
1 '1 1 1 1 1 

1/0 
(Bit Programmable) 

ALU 

FLAG 

Register 
Pointer 

Register File .___ 
142 x 8-Bit r--

Port 0 

•• t , • t 
1/0 

Prg. Memory 
1 K/2K x 8-Bit 

L--- Program 
r-- Counter 

Figure 1. Z86C04/C08 Functional Block Diagram 

Device 



ft'2iUJ6 

PIN DESCRIPTIONS 

P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 

P27 4 
Z86C04 

15 P20 

vcc 5 /COS 
DIP 

14 GND 

XTAL2 6 13 P02 

XTAL1 7 12 P01 

P31 8 11 POO 

P32 9 10 P33 

Figure 2. 18-Pin DIP Configuration 

P24 

P25 2 

P26 3 

P27 4 

Vee 5 

XTAL2 6 

XTAL1 7 

P31 8 

P32 9 

Z86C04/08 CMOS zae 
B·BIT MICROCONTROLLER 

Table 1. 18-Pin DIP and SOIC Pin Identification 

Pin# Symbol Function Direction 

1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 
5 Vee Power Supply 
6 XTAL2 Crystal Oscillator Clock Output 
7 XTAL1 Crystal Oscillator Clock Input 
8 P31 Port 3, Pin 1, AN1 Input 

9 P32 Port 3, Pin 2, AN2 Input 
10 P33 Port 3, Pin 3, REF Input 
11-13 POO-P02 Port 0, Pins 0, 1, 2 In/Output 
14 GND Ground 
15-18 P20-P23 Port 2, Pins 0, 1, 2, 3 In/Output 

18 P23 

17 P22 

16 P21 

15 P20 
Z86C04/C08 

SOIC 14 GND 

13 P02 

12 P01 

11 POO 

10 P33 

Figure 3. 18-Pin SOIC Pin Configuration 
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it'2JUJ6 
PIN DESCRIPTION (Continued) 

XTAL1, XTAL2 Crystal In, Crystal Out(time-based input 
and output. respectively). These pins connect a parallel
resonant crystal, LC, or an external single-pl:tase clock to 
the on-chip clock oscillator and buffer. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33, P32, P31) that are not externally 
driven. Whether this level is O or 1 cannot be determined. 

MCU 

OEN 

Out 

86C04108 CMOS 1J' 
8-BIT MICROCONTAOLLER 

A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. 

Port O (P02-POO). Port O is a 3-bit 1/0, bi-directional, 
Schmitt-triggered CMOS compatible 1/0 port. These three 
1/0 lines can be configured under software control to be all 
inputs or all outputs (Figure 4). 

Port 0 (1/0) 

PAD 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

In 

3-4 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

' Auto Latch 

: R~500kn I 

·-----------------------· 

Figure 4. Port O Configuration 



Port 2 (P27-P20). Port 2 is an 8-bit 1/0, bit programmable, 
bi-directional, Schmitt-triggered CMOS compatible 1/0 
port. These eight 1/0 lines can be configured under soft-

0 en Drain 

Open 

Out 

~CMOS'Za' 
8-BIT MlcAocoNTROUER 

ware control to be an input or output, independently. Bits 
programmed as outputs may be globally programmed as 
either push-pull or open-drain (Figure 5). 

Port 2 (110) 

PAD 

1.5 - 2.3 Hysteresis Vee ct 5.0V 
In 

Figure 5. Port 2 Configuration 
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PIN DESCRIPTION (Continued) 

Port 3 (P33-P31 ). Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P33-P31) lines. These. three input 
lines can be configured under software contr~I as digital 

-

86Co.w& CMOS ZI' 
8-Brr MICROCOHTROLLSI 

inputs or analog inputs. These three input lines can also be 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T1N) (Figure 6). 

~ ... :---}~· 
R247=P3M 

PAO 
P31 (AN1) 

PAD 
P32(AN2) 

P33(REF) 
PAD 

1 =Analog 
0 =Digital 

P31 
Data Latch 
IRQ, Tln 

IRQ3 
P32 
Data Latch .....,._.._ ___ _._ __ --I_ IRQO 

P33 '---------;--, _____ _!===-- Data Latch 
Vee f----o IRQ1 

IRQ 0, 1,2 = Falling Edge Datectlon 
IRQ 3 = Rising Edge Detection 

Figure 6. Port 3 Configuration 

Comparator Inputs. Two analog comparators are added 
to Port 3 inputs for interface flexibility. Typical applications 
for these on-board comparators are: Zero crossing detec
tion, ND conversion, voltage scaling, and threshold de
tection. 

The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 
mode. The common voltage range is 0-4V when the V c.c is 
5.0V. 

3-6 

Interrupts are generated on either edge of Comparator 2's 
output, or on the falling edge of Comparator 1 's output. 
The comparator output may be used for interrupt genera
tion, Port 3 data inputs, or T,N through P31. Alternately, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 
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FUNCTIONAL DESCRIPTION 

RESET. Upon power-up the Power-On Reset circuit waits 
for T POR ms, plus 18 clock cycles, and then starts program 

POR 
(Cold Start) 

P27 
(Stop Mode) 

INTOSC 

Delay Line 
TPoR msec 

Z86C04108 CMOS ZS' 
8-BIT MICROCONTROLLER 

execution at address %000C (Hex) (Figure 7). TheZ86C04/ 
COB control registers' reset value is shown in Table 2. 

XTALOSC 

18CLK 
Reset Filter 

Chip 
Reset 

Figure 7. Internal Reset Configuration 

Table 2. Z86C04/C08 Control Registers 

Reset Condition 
Addr. Reg. 07 06 05 04 03 02 01 DO Comments 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 

F6* P2M Inputs after 
reset 

F7* P3M u u u u u u 0 0 
FB* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3 is 

used for 
positive 
edge detec-
lion 

FB IMR 0 u u u u u u u 
FC FLAGS U u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 
FF SPL u u u u u u u u 
*00 Porto u u u u u u u u 
*02 Port2 u u u u u u u u 
03 Port3 u u u u u u u u 

Note: 
• Registers are not reset after a STOP-Mode Recovery using P27 pin. 

A subsequent reset will cause these control registers to be re-
configured as shown in Table 2 and the user must avoid bus contention 
on the port pins or it may affect device reliability. 

Program Memory. The Z86C04/C08 can address up to 
1 K/2K bytes of internal program memory (Figure 8). The 
first 12 bytes of program memory are reserved for the 
interrupt vectors. These locations contain six 16-bit 
vectors that correspond to the six available interrupts. El 
Bytes 0-1023/2047 are on-chip mask-programmed ROM. 

1023/2 047 

Location of 
First Byte of 

Instruction 
Executed 

After RESET ~ 

Interrupt 
Vector 

(Lower Byte) 

11 

10 

9 

8 

7 

6 

5 

On-Chip 
ROM 

------------
I"-

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

f" IRQ2 

Interrupt 
Vector 

(Upper Byte) 

~ ~ IRQ2 

3 IRQ1 

2 IRQ1 

1 IRQO 

0 IRQO 

Figure 8. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

Register File. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 15 control 
and status registers (RO, R2-R3, R4-R127, and R241-
R255, respectively; see Figure 9). Note that R254 is avail
able for general purpose use. The Z86C04/C08 instruc
tions can access registers directly or indirectly through an 
8-bit address field. This allows short 4-bit register address-

Location 

3-8 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

240 

128 

127 

4 

3 

2 

0 

Stack Pointer (Bits 7 -0) 

General Purpose Register 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3Mode 

Port2Mode 

m Prescaler 

llmer/Counter O 

T1 Prescaler 

llmer/Counter 1 

llmerMode 

Not Implemented 

General Purpose 
Registers 

Port3 

Port2 

Reserved 

Porto 

Figure 9. Register File 

I ndentifiers 

SPL 

RP 

Flags 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

86C04/0B CMOS ZB9 
S·BIT MICROCONTROLLER 

ing using the Register Pointer. In the 4-bit mode, the 
register file is divided into eight working register groups, 
each occupying 16 continuous locations. The Register 
Pointer (Figure 10) addresses the starting location of the 
active working-register group. Upon power-up, the gen
eral purpose registers are undefined. 

r7 r6 rs r4 r3 r2 r1 r1l R253 .._ ____ ..._ ____ ...... (Register Pointer) 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 

--.-(: .__I ___ __.I} R15toRO 

7F 

70 
SF 

80 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group ~ 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 

Register Group 1 

Register Group 0 

~-----------------1/0 Ports 

~ R15toRO 

R15 to R4" 

R3to RO 

"Expanded Register Group (0) Is salected In this figure 
by handling bits 03 to DO as "O" In Register R253(RP). 

Figure 10. Register Pointer 



Stack Pointer. The Z86C04/C08 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 

General-Purpose Register (GPR). The general-purpose 
register upon device power-up is undefined. The general
purpose register upon a STOP-Mode Recovery and reset 
stays in its last state. It will not keep its last state from a VLv 
reset ifthe Vee drops below 1.8V. Note: Register R254 has 
been designated as a general-purpose register. 

Counter/Timer. There are two 8-bit programmable counter/ 
timers (TO and T1), each driven by its own 6-bit program
mable prescaler. The T1 prescaler can be driven by 
internal or external clock sources, however the TO can be 
driven by the internal clock source only (Figure 11 ). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 

* 

Internal 
Clock 

External Clock 

Clock 
Logic 

Internal Clock 
Gated Clock 

PREO 
Initial \f.!.lue 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 

Z86C04/08 CMOS ZS' 
II-BIT MICROCONTllOLLER 

prescaler drives its counter, which decrements the value 
( 1 to 256) that has been loaded into the counter. When both 
counter and prescaler reach the end of count, a timer 
interrupt request, IRQ4 (TO) or IRQ5 (T1), is generated. 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters. but not the prescalers are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that is retriggerable or non
retriggerable, or as a gate input for the internal clock. 

Internal Data Bus 

Write 

TO 
Initial \f.!.lue 

Register 

8-Bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 

Read 

TO 
Current \f.!.lue 

Register 

T1 

IRQ4 

IRQ5 

Triggered Clock lnitial\f.!.lue Initial \f.!.lue Current \f.!.lue 
Register Register Register 

T1N P31 
Write Read 

* Note: Divide-by-two is not used in Low EMI Mode. 
Internal Data Bus 

Figure 11. CounterlTimers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C04/C08 has six interrupts from six 
different sources. These interrupts are maskable and 
prioritized (Figure 12). The six sources are divided as 
follows: the falling edge of P31 (AN1), P32 (AN2), P33 
(REF), the rising edge of P32 (AN2), and the two counter/ 
timers. The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests (Table 3). 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. All Z86C04/C08 
interrupts are vectored through locations in program 
memory. When an Interrupt machine cycle is activated, an 
interrupt request is granted. This disables all subsequent 
interrupts, saves the Program Counter and Status Flags, 
and then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

86C04/08 CMOS ZS" 
B·BIT MICROCONTROLLER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 

Note: User must select any ZB6COB mode In Zllog's 
C12 ICEBOX"' emulator. The rising edge lnte"upt is not 
supported on the Z86CCPOOZEM emulator. 

Table 3. Interrupt Types, Sources, and Vectors 

Name Source Vector Location 

IRQO AN2(P32) 
IRQ1 REF(P33) 
IRQ2 AN1(P31) 
IRQ3 AN2(P32) 
IRQ4 TO 
IRQS T1 

Notes: 
F = Falling edge triggered 
R = Rising edge triggered 

0,1 
2,3 
4,5 
6,7 
8,9 

10,11 

Comments 

External (F)Edge 
External (F)Edge 
External (F)Edge 
External (R)Edge 
Internal 
Internal 

IRQO-IRQ5 

3-10 

Interrupt 
Request 

Global 
Interrupt 
Enable 

6 

IPR 

Vector Select 

Figure 12. Interrupt Block Diagram 



Clock. The Z86C04/C08 on-chip oscillator has a high
gain, parallel-resonant amplifier for connection to a crys
tal, ceramic resonator, or any suitable external clock 
source ()<TAL 1 = Input, XTAL2 = Output). The crystal 
should be AT cut, 12 MHz max, with a series resistance 
(RS) less than or equal to 100 Ohms. Note: C04 is 8 MHz 
max. 

The crystal should be connected acrossXT AL 1 and XTAL2 
using the vendor's crystal recommended capacitors (ca
pacitance is between 10 pF to 250 pF, which depends on 
the crystal manufacturer, ceramic resonator and PCB 
layout) from each pin directly to device Ground pin 14 
(Figure 13). 

Note that the crystal capacitor loads should be connected 
to V55 pin 14 to reduce ground noise injection. 

HALT Mode. This instruction turns off the internal CPU 
clock but not the crystal oscillation. The counter/timers and 
external interrupts IRQO, IRQ1, IRQ2, and IRQ3 remain 
active. The device can be recovered by interrupts, either 
externally or internally generated. An interrupt request 
must be executed (enabled) to exit HALT mode. After the 
interrupt service routine, the program continues from the 
instruction after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current. The STOP mode can be released by two methods. 
The first method is a RESET of the device by removing V cc· 

The second method is if P27 is configured as an input line 
when the device executes the STOP instruction. A low 
input condition on P27 releases the STOP mode. 

XTAL1 

C1I 

II 
C1I 

* = * -=-

XTAL2 
C2I 

* -

C2I 

* -

Ceramic LC Clock 
Resonator 
or Crystal 

Z86C04/08 CMOS ZS' 
B·BIT MICROCONTROLLER 

Program execution under both conditions begins at loca
tion OOOC (Hex). However, when P27 is used to release the 
STOP mode, the 1/0 port mode registers are not re
configured to their default power-on conditions. This pre
vents any 1/0, configured as output when the STOP in
struction was executed, from glitching to an unknown 
state. To use the P27 release approach with STOP mode, 
use the following instruction: 

LO 
NOP 
STOP 

P2M, #1XXXXXXXB 

(X = dependent upon user's application.) 

In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP (opcode= FFH) immediately before the appropriate 
sleep instruction, that is, as follows: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

Watch-Dog Timer (WOT). The Watch-Dog Timer is en
abled by instruction WOT. When the WOT is enabled, it 
cannot be stopped by the instruction. With the WOT 
instruction, the WOT should be refreshed once the WOT 
is enabled within everyTwdt period; otherwise, the Z86C04/ 
COB resets itself. The WOT instruction affects the Flags 
accordingly: Z = 1, S = 0, V = 0. 

WOT = 5F (Hex) 

XTAL1 XTAL1 

L 

XTAL2 XTAL2 

External Clock 

*=Use pin 14. 

Figure 13. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

Opcode WOT (5FH). The first time opcode 5FH is ex
ecuted, the WOT is enabled, and subsequent ex.ecution 
clears the WOT counter. This has to be done within the 
maximum Twor period; otherwise, the WOT times out and 
generates a Reset. The generated Reset is the same as a 
Power-On Reset of TPoR plus 18 XTAL clock cycles. The 
WOT does not work in STOP mode. The WOT is disabled 
during and after a Reset, until the WOT is enabled again. 

Opcode WDH (4FH). When this instruction is executed it 
will enable the WOT during HALT. If not, the WOT will stop 
when entering HALT. This instruction does not clear the 
counters, it facilitates running the WOT function during 
HALT mode. A WOH instruction executed without execut
ing WOT (5FH) has no effect. 

Low Voltage Protection (V Ly). Maximum (V Lv) Conditions: 

Case 1: TA= -40°C, +85°C, Internal Clock Frequency 
equal or less than 2 MHz 

Case 2: TA= -40°C, +105°C, Internal Clock Frequency 
equal or less than 1 MHz 

Note: The internal clock frequency is one-half the external 
clock frequency in standard mode. 

Vee 2.80 
(Volts) 

2.60 

2.40 

2.20 

86C04/08 CMOS ZS' 
B·BIT MicRoCONTROLLER 

The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Low Voltage Protection trip point (V Lv) is reached. The 
device is guaranteed to function normally at supply volt
ages above the low voltage trip point for the temperatures 
and operating frequencies in Cases 1 and 2. The actual 
low voltage trip point is a function of temperature and 
process parameters (Figure 14). 

2 MHz (Typical) 

Temp -40° 
VLV 2.55 

0°C 
2.4 

+25°C 
2.1 

+70°C 
1.7 

+105°C 
1.6 

ROM Protect. ROM Protect fully protects the Z86C04/C08 
ROM code from being read internally. When ROM Protect 
Is selected, the Z86C04/C08 will disable the instruc
tions LDC and LOCI (Z86C041C08 and Z86E041E08 do 
not support the Instructions of LOE and LDEI) In all 
modes. ROM look-up tables cannot be used In this 
mode. 

2.00 

1.80 
~ Veo (Typical) 

1.60 

'nlmperatura (°C) 

Figure 14. Typical Z86C04/C08 VLv vs. Temperature 
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ABSOLUTE MAXIMUM RATINGS 

Notice: 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V ss [Note 1] 
Voltage on V00 Pin with Respect to V88 

Voltage on Pin 7 with Respect to V88 [Note 2] 
Total Power Dissipation 
Maximum Current out of V 88 

Maximum Current into V00 

Maximum Current into an Input Pin [Note 3] 
Maximum Current into an Open-Drain Pin [Note 4] 
Maximum Output Current Sinked by Any 1/0 Pin 
Maximum Output Current Sourced by Any 1/0 Pin 
Total Maximum Output Current Sinked by Port 2 
Total Maximum Output Current Sourced by Port 2 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; functional operation of the 
device at any condition above those indicated in the 
operational sections of these specifications is not implied. 
Exposure to absolute maximum rating conditions for an 
extended period may affect device reliability. Total power 
dissipation should not exceed 462 mW for the package. 
Power dissipation is calculated as follows: 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 15). 

CAPACITANCE 

Min Max 

-40 +105 
-65 +150 
--0.6 +12 
--0.3 +7 
--0.6 voo+1 

462 
84 
84 

-600 +600 
-600 +600 

12 
12 
70 
70 

Notes: 

ZB6C04108 CMOS ZS' 
8-BIT MICROCONTROUER 

Units 

c 
c 
v 
v 
v 

mW 
mA 
mA 
µA 
µA 
mA 
mA 
mA 
mA 

[1] This applies to all pins except where otherwise noted. Maximum 
current into pin must be ±600µA. 

[2] There is no input protection diode from pin to V oo
[3] This excludes Pin 6 and Pin 7. 
[4] Device pin is not at an output Low state. 

From Output 
UnderTest o-------

Figure 15. Test Load Diagram 

TA= 25°C, Vee= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Min 

0 
0 
0 

Max 

10 pF 
20 pF 
25 pF 
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't'2iUl6 86C04/08 CMOS '1.8' 
8·BIT MrcRocotmloU.ER 

DC ELECTRICAL CHARACTERISTICS 

TA• D°C to +70°C TA =-4D°C to +105°C Typical 
Sym Parameter Vccl41 Min Mu Min Max @25°C Units Conditions Notes 

VeH Clock Input High 3.0V 0.8Vec Vec+Q.3 0.8 Vee Vee+0.3 1.7 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee Vce+0.3 0.8 Vee Vec+Q.3 2.8 v Driven by External 
Clock Generator 

VcL Clock Input Low 3.0V Vss-{J.3 0.2Vcc Vss-{l.3 0.2 Vee 0.8 v Driven by External 
Voltage Clock Generator 

5.5V Vss-{l.3 0.2 Vee Vss-{l.3 0.2 Vee 1.7 v Driven by External 
Clock Generator 

V1H Input High Voltage 3.0V 0.7Vec Vce+0.3 0.7 Vee Vce+0.3 1.8 v 
5.5V 0.7Vee Vce+0.3 0.7 Vee Vee+0.3 2.8 v 

VIL Input Low Voltage 3.0V Vss-{l.3 0.2 Vee Vss-0.3 0.2 Vee 0.8 v 
5.5V Vss-{l.3 0.2 Vee Vss-{l.3 0.2Vcc 1.5 v 

VoH Output High Voltage 3.0V Vce--0.4 Vee--0.4 3.0 v loH=-2.0mA [5) 
5.5V Vce--0.4 Vec--0.4 4.8 v loH=-2.0mA [5] 
3.0V Vec--0.4 Vcc--0.4 v Low Noise@ IOH = -0.5 mA 
5.5V Vee--0.4 Vcc-0.4 v Low Noise@ loH = -0.5 mA 

VoL1 Output Low Voltage 3.0V 0.8 0.8 0.2 v loL =+4.0 mA [5] 
5.5V 0.4 0.4 0.1 v loL =+4.0 mA [5) 
3.0V 0.4 0.4 v Low Noise @ loL = 1.0 mA 
5.5V 0.4 0.4 v Low Noise @ loL = 1.0 mA 

Vol2 Output Low Voltage 3.0V 1.0 1.0 0.8 v loL =+12 mA, 
3 Pin Max [5] 

5.5V 0.8 0.8 0.3 v loL =+12 mA, 
3 Pin Max [5) 

VoFFSET Comparator Input 3.0V 25 25 10 mV 
Offset Voltage 5.5V 25 25 10 mV 

VLv V cc Low Voltage 2.7 2.95 2.1 v @1 MHz Max, 
Int. CLK Freq 

Ill Input Leakage 3.0V -1.0 1.0 -1.0 1.0 µI\ V1N=OV, Vee 
(Input Bias 5.5V -1.0 1.0 -1.0 1.0 µI\ V1N = OV, Vee 
Current of 
Comparator) 

loL Output Leakage 3.0V -1.0 1.0 -1.0 1.0 µI\ V1N = OV, Vee 
5.5V -1.0 1.0 -1.0 1.0 µI\ V1N=OV, Vee 

VvicR Comparator Input 0 Vcc-1.0 0 Vcc-1.5 v 
Common Mode 
Voltage Range 
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~2iUl6 Z86C04108 CMOS zae 
B·BIT MICROCONTROLLER 

TA= 0°c to +70°C TA =-40°C to +105°C Typical 
Sym Parameter Vee 141 Min Max Min Max @2s0 c Units Conditions Notes 

Ice Supply Current 3.2V 80 µA All output and 1/0 Pins 
Floating @ 32 kHz (7] 

3.0V 3.5 3.5 1.5 mA All Output and 1/0 Pins 
Floating @ 2 MHz [5] 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating @ 2 MHz [5] 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating@ 8 MHz (5] 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating @ 8 MHz [5] 

3.0V 10 10 3.6 mA All Output and 1/0 Pins 
Floating@12 MHz (5,6] 

5.5V 15 15 9.0 mA All Output and 1/0 Pins 
Floating @ 12 MHz (5,6] 

ICC1 Standby Current 3.0V 2.5 2.5 0.7 mA HALT mode VIN = OV, 
Vcc ®2 MHz [5] 

5.5V 4.0 5.0 2.5 mA HALT mode VIN= OV, 
Vcc ®2 MHz [5] 

El 3.0V 4.0 4.0 1.0 mA HALT mode V1N = OV, 
Vcc®8MHz [5] 

5.5V 5.0 5.0 3.0 mA HALT mode V1N = OV, 
Vcc@BMHz [5] 

3.0V 4.5 4.5 1.5 mA HALT mode V1N = OV, 
Vcc ® 12 MHz (5,6] 

5.5V 7.0 7.0 4.0 mA HALT mode V1N = OV, 
Vcc® 12MHz (5,6] 

Ice Supply Current 3.0V 3.5 3.5 1.5 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating @ 1 MHz 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating@ 1 MHz 

3.0V 5.8 5.8 2.5 mA All Output and 1/0 Pins 
Floating @ 2 MHz 

5.5V 9.0 9.0 4.0 mA All Output and 1/0 Pins 
Floating @ 2 MHz 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating @ 4 MHz 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating @ 4 MHz 
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'tl2ilm 86C04/08 CMOS ZS" 
S·BIT MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

TA= D°C to +70°C TA• -4D°C to+ 105°C Typical 
Sym Parameter Vee 141 Min Max Min Max @25°C Units Conditions 

lcc1 Standby Current 3.0V 1.2 1.2 0.4 mA HALT mode V1N=OV, 
(Low Noise Mode) Vcc@1 MHz 

5.5V 1.6 1.6 0.9 mA HALT mode VIN= OV, 
Vcc@1 MHz 

3.0V 1.5 1.5 0.5 mA HALT mode V1N=OV, 
Vcc@2MHz 

5.5V 1.9 1.9 mA HALT mode V1N = av, 
Vcc@2MHz 

3.0V 2.0 2.0 0.8 mA HALT mode VIN = OV, 
Vcc@4MHz 

5.5V 2.4 2.4 0.3 mA HALT mode V1N = OV, 
Vcc@4MHz 

lcc2 Standby Current 3.0V 10 20 1.0 µA. STOP mode V1N = OV, 
V cc WOT is not Running 

5.5V 10 20 1.0 µA. STOP mode V1N = OV, 
V cc WOT is not Running 

'All Auto Latch Low 3.0V 6.0 8.0 3.0 µA. OV < V1N <Vee 
Current 

5.SV 22 30 16 µA. ov <V1N <Vee 

IALH Auto Latch High 3.0V -4.0 -5.0 -1.5 µA. OV <V1N <Vee 
Current 

5.SV -12.0 -20 -8.0 µA. ov < V1N <Vee 

Notes: 
[1] lcc1 Typ Max Unit Freq 

Clock Driven 0.3 5.0 mA SMHz 
Crystal/Resonator 3.0 5.0 mA BMHz 

[2] Vss=OV=GND 
[3] For 2. 75Voperating, the device operates down to VLv· The minimum 

operational Vee is determined on the value of the voltage VLv at 
the ambient temperature. The VLv increases as the temperature 
decreases. 

[4] Vee= 3.0V to 5.5V, typical values measured at Vee= 3.3V and 
Vee= 5.0V. 

[5] Standard Mode (not Low EMI mode) 
[6] Z86C08 only. 
[7] CL 1 = 100 pF, CL2 = 220 pF, RF = 30 kOhm 
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AC ELECTRICAL CHARACTERISTICS 

Clock 

Figure 16. AC Electrical Timing Diagram 

Z86C04/08 CMOS ZB' 
8-BIT MICROCONTROLLER 
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•aUJ6 86C04/08 CMOS zst 
8·BIT MICROCONTROL~R 

AC ELECTRICAL CHARACTERISTICS 
Timing Table (Standard Mode for SCLK/TCLK = XTAL/2} 

TA= 0°C to +70°C TA= -40°C to + 105°C 
B MHz(C04) 12 MHz (COB) B MHz (C04) 12 MHz (COB) 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 DC 83 DC 125 DC 83 DC ns [1] 
5.5V 125 DC 83 DC 125 DC 83 DC ns [1] 

2 TrC,TIC Clock Input Rise 3.0V 25 15 25 15 ns [1) 
and Fall Times 5.5V 25 15 25 15 ns 

3 TwC Input Clock Width 3.0V 62 41 62 41 [1] 
5.5V 62 41 62 41 ns (1] 

4 TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns [1) 
5.5V 70 70 70 70 ns [1) 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC [1) 
5.5V 5TpC 5TpC 5TpC 5TpC (1) 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC [1] 
5.5V 8TpC 8TpC 8TpC 8TpC (1) 

7 Tr Tin, Timer Input Rise 3.0V 100 100 100 100 ns [1) 
TtTin and Fall Timer 5.5V 100 100 100 100 ns [1] 

8 TwlL Int. Request Input 3.0V 100 100 100 100 ns (1,2] 
Low Time 5.5V 70 70 70 70 ns [1,2) 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC [1) 
High Time 5.5V 5TpC 5TpC 5TpC 5TpC [1,2] 

10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms (1) 
Delay Time 5.5V 12 12 10 10 ms [1) 

11 Tpor 3.0V 24 24 24 24 ms [1] 
5.5V 12 12 12 12 ms [1] 

Notes: 
[1] Timing Reference uses 0.7Vcc for a logic 1and0.2Vcc for a logic O. 
[2] Interrupt request through Port 3 (P33-P31). 
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4'2iUJ6 Z86C04/08 CMOS ZS' 
8-BIT MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= 0°c to + 70°& TA= -40°& to + 1D5°C 
1 MHz 4MHz 1 MHz 4MHz 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

TPC Input Clock Period 3.0V 1000 DC 250 DC 1000 DC 250 DC ns [1] 
5.5V 1000 DC 250 DC 1000 DC 250 DC ns [1] 

2 TrC Clock Input Rise 3.0V 25 25 25 25 ns [1] 
TfC and Fall Times 5.5V 25 25 25 25 ns [1] 

3 TwC Input Clock Width 3.0V 500 125 500 125 ns [1] 
5.5V 500 125 500 125 ns [1] 

4. TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns [1 J 
5.5V 70 70 70 70 ns [1 J 

5 TwTinH Timer Input High Width 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1) 
5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC 4TpC 4TpC [1] 
5.5V 4TpC 4TpC 4TpC 4TpC [1] 

El 7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns [1] 
T!Tin and Fall Timer 5.5V 100 100 100 100 ns [1] 

8 Twll Int. Request Input 3.0V 100 100 100 100 ns [1,2] 
Low Time 5.5V 70 70 70 70 ns [1,2] 

9 TwlH Int. Request Input 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 
High Time 5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1,21 

10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1] 
Delay Time 5.5V 12 12 10 10 ms [1] 

Notes: 
[1] Timing Reference uses 0.7 Vee for a logic 1 and 0.2 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31). 
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LOW NOISE VERSION 

Low EMI Emission 

The Z86C04/C08 can be programmed to operate in a Low 
EMI emission mode by means of a mask ROM bit option. 
Use of this feature results in: 

• All pre-driver slew rates reduced to 10 ns typical. 

• Internal SCLK/TCLK operation limited to a maximum of 
4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

The Low EMI mode is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 

EMI Characteristics 

86C04/08 CMOS zae 
II-BIT MICROCONTROLLER 

The Z86C04/C08 operating in the Low EMI mode gener
ates EMI as measured in the following chart: 

The measurements, shown in Figure 17, were made while 
operating the Z86C04/C08 in three states: (1) idle condi
tion; (2) static output; (3) switched output. 

Near Field EMI Analysis 
Z86C04/C08 Low Noise 

e -75 m 
:g. 
'ii s 
.II: 
Ill -80 
GI a. 

30-60 

3-20 

140-160 300-400 

Frequency (MHz) 

Figure 17. Low Noise Analysis 

700-1000 

Idle 

Static 

Switch 



ZS® CONTROL REGISTER DIAGRAMS 

R241 TMR 

O No Function 
1 LoadT0 

0 Disable T 0count 
1 Enable T 0 Count 

o No Function 
1 LoadT 1 

o Disable T 1 Count 
1 Enable T 1 Count 

TtN Modes 
oo External Clock Input 
01 Gate Input 
1 o Trigger Input 

(Non-retrlggerable) 
11 Trlggar Input 

(Retrlggerable) 

Reseived (Must be 0.) 

Figure 18. Timer Mode Register 
(F1": Read/Write) 

R242T1 

R243 PRE1 

T 1 Initial Value 
(When Written) 
(Range 1-256 Decimal 
01..()()HEX) 
T1 Current Value 
(When READ) 

Figure 19. Counter Time 1 Register 
(F2": Read/Write) 

Count Mode 
0 T 1 Single Pass 
1 T 1 Modulo 

Clock Source 
1 T 1 tnternal 
0 T 1 External Timing Input 

(TN) Mode 

Presca\er Modulo 
(Range: 1-64 Decimal 
01..()() HEX) 

Figure 20. Prescaler 1 Register 
(F3": Write Only) 

R244 TO 

R245 PREO 

R246P2M 

R247P3M 

Z86C04108 CMOS "lJ' 
8-BIT MICROCONTROLLER 

To lnlttal Value 
(When Written) 
(Range: 1 -256 Decimal 
01-00HEX) 
To Current Value 
(When READ) 

Figure 21. Counter/Timer 0 Register 
(F4": Read/Write) 

Count Mode 
0 T 0 Single Pass 
1 T 0 Modu\o-n 

Reseived (Must be O.) 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 Hex) 

Figure 22. Prescaler 0 Register 
(F5H: Write Only) 

P2 7 • P2o 1/0 Definition 
0 Defines Bit as OUTPUT 
t Defines Bit as INPUT 

Figure 23. Port 2 Mode Register 
(F6": Write Only) 

O Port 2 Pull-Ups Open Oraln 
1 Port 2 Pul~Ups Active 

Port3 Inputs 
0 Olgltal 
1 Analog 

Reseived (Must be O.) 

Figure 24. Port 3 Mode Register 
(F7": Write Only) 
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•2n.m 86C04/08 CMOS ZS' 
B·BIT MICROCONTROLLER 

ZS CONTROL REGISTER DIAGRAMS (Continued) 

R248 P01M 

R2491PR 

"""T"" 

R250 IRQ 

3-22 

POo- PO' Mode 
00= Output 
01 Output 

Musi be 1. 

Reserved (Must be 0.) 

Figure 25. Port 0 and 1 Mode Register 
(FS": Write Only) 

T l Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 IR04>1RQ1 

IRQO, IRQ2 Priority (Group B) 
0 IR02>1RQO 
1 IROO>IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 IR05> IRQ3 
1 IR03> IRQS 

Reserved (Must be 0.) 

Figure 26. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input i 
IRQ1 = P33 Input i 
IRQ2 = P31 Input i 
IRQ3 = P32 Input t 
IR04=TO 
IR05=T1 

Reserved (Must be O.) 

Figure 27. Interrupt Request Register 
(FA": Read/Write) 

R251 IMR 

lrolool~l~loolool~lool 

11 ....___ -

1 Enables IRQ5-IRQO 
(00 = IRQO) 

Reserved (Must be O.) 

1 Enables Interrupts 

R252 Flags 

R253RP 

Figure 28. Interrupt Mask Register 
(FB": Read/Write) 

User Flsg F1 

User Flag F2 

Hatt Carry Flag 

Decimal Adjust Flag 

Overflow Flsg 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 29. Flag Register 
(FC": Read/Write) 

lrolool~l~loolool~lool 

I .__I - Reserved (Must be O.} 

Register Pointer 

R255SPL 

Figure 39. Register Pointer 
(FD": Read/Write) 

Stack Pointer Lower 
Byte (SPo - SP7) 

Figure 31. Stack Pointer 
(FF": Read/Write) 



Z86C04/08 CMOS ZS' 
B·BIT MICROCONTROLLER 

DEVICE CHARACTERISTICS 
Standard Mode 

Ice (mA) 

1 
12.01---.......---.---.......---.---.......---.----. 

11.0 l----+---+----+---+----+---1----1 

10.00-----------------z-----5-.5-v__, 

9.0 t---+---+----+----+-~-+-.,....rl"'--+---1 

a.o 1------+----+--__.,--+v---s;.._+---+---l 

7.01----1--_.....,--!~f----= ..... =--+---+---+---I 
6.0 t---..... .-::'--t----+---t----+---t----1 

5.01----+---+----+---+----+---1----1 
5.SV 

4.0 l----+---1--4-i::-=-=,=--=ilr.---~ .... ""'"""---I ----1----.---- c,_......-t3.0v 
3.0 t----+---+----+--=--F---+---~--1 _........,..-
2.01---ti------:::..-'1"""'"---+---+--f--+---l 

1.01----+---+----+---i.--._.........,...._._.a;....,,,,-~'-=+-'3..,1..0..._V-1 

----1i----r---- .---0------------------------- Frequency 2 4 6 8 10 12 14 (MHz) 

HALT 
Active 

Vee (Volt) 

1 
6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

.5 

60 -40 

VoL •••• 
VIL-

- 0 

Figure 32. Typical lcc vs Frequency 

0 !O 0 60 ED 

Figure 33. V1L, V oL vs. Temperature 

100 

5. SV 

3. ov 

3. ov 
...... s. sv 

Temp 
(CO) 

120 
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DEVICE CHARACTERISTICS (Continued) 
Standard Mode 

Vcc{VoH) 

~ 
6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 
60 -=40" -W-

YOH Vs Temp 

V11VsTemp -

(f 20"" 40 60 l!O 

Figure 34. V1", V OH vs. Temperature 
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Iott 
(mA) 

2.0 3.0 

~ 
II 
~ 

0 

-2.0 

·3.0 

-4.0 

-5.0 

-6.0 -iii 
-7.0 

12l _k ,_4f!C 

-8.0 

3.0V -5.5V ----

4.0 5.0 

7 
~ 

• It ,,, ,,, 
,,, 

l'.J_ 

--:-r• .i_ I I 

125' ~·•-40°c 

Figure 35. Typical 10 " vs. V OH 

100 

• 5. 5V 

5. 
• 3. 

3. 

...... 

SV 
ov 

ov 

86C04/08 CMOS ZS' 
B·BIT MICROCONTROLLER 

120 
Temp co 

6:2,_ v 
(V81!J 



10 dmA) ..... -------...--...,.--"I---

0 0.5 1.0 1.5 2.0 

Figure 36. Typical 10 L vs. V oL 

Time 
{ms) --.,--~...-~ ..... ~~....-~--~ ...... ~~...-~-. 

2.5 3.0 3.5 4.0 

+25°C 

4.5 5.0 5.5 6.0 
\k>ltage 

Figure 37. Typical WDT Time Out Period 
vs V cc Over Temperature 

ZB6C04/08 CMOS ZS' 
8-BIT MiCROCONlROLLER 
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INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol Meaning 

IRA Indirect register pair or indirect working-
register pair address 

Ir Indirect working-register pair only 
X Indexed address 
DA Direct address 
RA Relative address 
IM Immediate 
R Register or working-register address 
r Working register address only 
IR Indirect-register or indirect working

register address 
Ir Indirect working-register address only 
RR Register pair or working register pair 

address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

3-26 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack pointer 
Program counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

86C04/08 CMOS ZS' 
S·BIT MICROCONTROLLER 

Flags. Control register (R252) contains the following six 
flags. 

Symbol Meaning 

C Carry flag 
Z Zero flag 
S Sign flag 
V Overflow flag 
D Decimal-adjust flag 
H Half-carry flag 

Affected flags are indicated by: 

0 Clear to zero 
1 Set to one 

Set to clear according to operation 
Unaffected 

X Undefined 



ft'21LCE Z86C04/0B CMOS ZS' 
8-Brr MICROCONTROLLER 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always true 
0111 c Carry C=1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 OV Overflow V=1 
1100 NOV No overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not equal Z=O 
1001 GE Greater than or equal (SXORV) = 0 
0001 LT Less than (SXORV) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned greater than or equal C=O 

El 0111 ULT Unsigned less than C=1 
1011 UGT Unsigned greater than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 F Never true (always false) 
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INSTRUCTION FORMATS 

OPC 

dst OPC 

CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

INCr 

86C04/08 CMOS 7.8' 
8-BIT MICRocoNTRol.lSR 

One-Byte lnatructlons 

OPC I MODE CL.R, CPL, DA, DEC, 

dst/src ~11110 I dst/srcl 
DECW, INC, INCW, 
POP,PUSH,RL,RLC, 
RR, RRC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dsl ~111101 dst 

OPC SRP 

VALUE 

l~DE OPC ADC, ADD, AND, CP, 

dst 
OR, SBC, SUB, TCM, 
TM, XOR 

=ls=t LO, LOE, LDEI, 
LDC, LOCI 

dst/src I OPC ID 

src/dst ~I 1110 I src 

dsl I OPC ID 

VALUE 

dst/CC I OPC DJNZ,JR 

RA 

FFH STOP/HALT 

6FH I 7FH 

Two-Byte lnatructlons 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
'+--'.For example: 

dst +-- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

3-28 

arc 
dsl 

~111101 dst 

E 

src 
dst 

~: _1 _11_0 __ _ 

D::j ...... 1110 

MODEj OPC 

dsl/src J x 
ADDRESS 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

ID 

ID 

JP 

CALL 

Th....Syte lnatructlons 

notation 'addr (n)' is used to refer to bit (n) of a given 
operand location. For example: 

dst(7) 

refers to bit 7 of the destination operand. 



ft'2JIJ]6 Z86CM'08 CllOS '1Jf 
8-BIT MICRocoNTROWR 

INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hu) CZSVDH and Operation dst src Byte (Hu) CZSVDH 

ADCdst,src t H I ****o* INCdst rE -***--dst +- dst + src +C dst +-dSt+ 1 r=O-F 
R 20 

ADDdst,src t 01 I * * * * 0 * IR 21 
dst +- dst + src 

INCWdst RR AO -***--ANDdst,src t 51 I - * * 0 dst +- dst + 1 IR A1 
dst +- dst AND src 

IRET BF ****** CALLdst DA DB ------ FLAGS +- @SP; 
SP+-SP-2 IRR D4 SP+-SP+1 
@SP +-PC, PC+-@SP; 
PC +-dSI SP+-SP+2; 

CCF EF * - - - - - IMR(7)-1 

C+-NOTC JP CC, dst DA cD ------
CLRdst R BO - - - - if cc is true, C=O-F 

El dst+-0 IR B1 PC +-dsl IRR 30 

COMdst R 60 * * 0 
JR cc, dst RA cB ------

dst +- NOT dst IR 61 if cc is true, C=O-F 
PC+- PC+dst 

CP dst, src t A[ l ****-- Range: +127, -128 
dst +- src 

LD dst, src Im re ------
DAdst R 40 ***x-- dsl +-SrC r R rB 
dst+- DAdst IR 41 R r r9 

r=O-F 
DECdst R 00 -***-- r x C7 
dst+- dst-1 IR 01 x r D7 

DECWdst RR 80 -***-- r Ir E3 

dst +- dst-1 IR 81 Ir r F3 
R R E4 

DI BF ------ R IR E5 
IMR(7) +- 0 R IM EB 

DJNZr, dst RA rA 
IR IM E7 ------ IR R F5 

r+-r-1 r=O-F 
ifr;r:O LDC dst, src Irr C2 - - - -
PC+- PC+dst dst +- src 
Range: +127, -128 

LOCI dst, src Ir Irr C3 - - - -
El 9F - - - - dst +- src 
IMR(7) +-1 r +- r + 1 ;rr +- rr + 1 

HALT 7F NOP FF ------
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INSTRUCTION SUMMARY (Continued) 

Instruction 
and Operation 

OR dst, src 
dst f- dst OR src 

POP dst 
dSlf-@SP; 
SP f- SP+ 1 

PUSH src 
SP f-SP-1; 
@SPf-src 

RCF 
Cf-0 

RET 
PC f-@SP; 
SP f- SP+2 

RL dst 

Address 
Mode 
dst src 

t 

R 
IR 

R 
IR 

R 
IR 

RLC dst R 

~ 
IR 

RR dst R 

lfu c:rt::IIJ 
RRCdst 

IR 

R 
IR 

SBC dst, src t 
dst f- dst-src- C 

SCF 
c f-1 

SRA dst 

SRPdst 
RP f- src 

3·30 

R 
IR 

Im 

Opcode 
Byte (Hex) 

4[ l 

50 
51 

70 
71 

CF 

AF 

90 
91 

10 
11 

ED 
E1 

co 
C1 

3[ l 

DF 

DO 
D1 

31 

Flags Affected 
CZSVDH 

0-----

****--

****--

****--

****--

Instruction 
and Operation 

STOP 

SUB dst, src 
dst f- dst - src 

SWAP dst 

!1 2G; oj 

TCM dst,src 
(NOT dst) AND src 

TM dst, src 
dst AND src 

WDH 

WOT 

XOR dst, src 
dst f- dst XOR src 

Address 

86C04108 CMOS ZS' 
8·BIT MICROCONTROLl.BI 

Mode Opcode Flags Affected 
dst src Byte (Hex) C Z S V D H 

t 

R 
IR 

t 

t 

t 

6F 

2[ l 

FO 
F1 

6[ l 

7[ 1 

4F 

5F 

B[] 

x * * x 

- * * a 

- x x x 
- * * a 

t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

Address Mode 
dst src 

Ir 

R R 

R IR 

R IM 

IA IM 

Lower 
Opcode Nibble 

[2] 

[3] 

[4] 

[5] 

(6] 

[7] 



OPCODE MAP 

0 2 

6.5 6.5 6.5 
0 DEC DEC ADD 

R1 IR1 r1, r2 
6.5 6.5 6.5 
RLC RLC ADC 

R1 IR1 r1, r2 
6.5 6.5 6.5 

2 INC INC SUB 

R1 IR1 r1, r2 
8.0 6.1 6.5 

3 JP SRP SBC 

IRR1 IM r1, r2 
8.5 8.5 6.5 

4 DA DA OR 

R1 IR1 r1, r2 
10.5 10.5 6.5 

5 POP POP AND 

R1 IR1 r1, r2 
6.5 6.5 6.5 

6 COM COM TCM 

R1 IR1 r1, r2 
10/12.1 12/14.1 6.5 I 
PUSH PUSH TM 

R2 IR2 r1, r2 ~ 
7 

.a z 10.5 10.5 
DECW DECW 

RR1 IR1 l 8 

:> 6.5 6.5 
9 RL RL 

R1 IR1 
10.5 10.5 6.5 

A INCW INCW CP 
RR1 IR1 r1, r2 
6.5 6.5 6.5 

B CLR CLR XOR 

R1 IR1 r1, r2 
6.5 6.5 12.0 

c RRC RRC LDC 
A1 IR1 r1, lrr2 

6.5 6.5 
D SRA SRA 

A1 IR1 
6.5 6.5 

E RR RR 

R1 IR1 
8.5 8.5 

F SWAP SWAP 
R1 IR1 

y 
2 

Execution 
Cycles 

First 
Operand 

3 

6.5 
ADD 
r1, lr2 
6.5 

ADC 

r1, lr2 
6.5 

SUB 

r1, lr2 
6.5 

SBC 
r1, lr2 

6.5 
OR 

r1, lr2 
6.5 

AND 

r1, lr2 
6.5 

TCM 
r1, lr2 

6.5 
TM 

r1, lr2 

6.5 
CP 

r1, lr2 
6.5 

XOR 

r1, lr2 
18.0 
LOCI 

lr1, lrr2 

6.5 
LD 

r1, IA2 
6.5 
LD 

lr1 r2 

Lower Nibble (Hex) 

4 5 6 7 8 9 

10.5 10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD ADD LD LD 

R2, R1 IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 10.5 
ADC ADC ADC ADC 

R2, R1 IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 10.5 
SUB SUB SUB SUB 

R2, R1 IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 10.5 
SBC SBC SBC SBC 

R2, R1 IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 10.5 
OR OR OR OR 

R2, R1 IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 10.5 
AND AND AND AND 

R2, R1 IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 10.5 
TCM TCM TCM TCM 

R2, R1 IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 10.5 
TM TM TM TM 

R2, R1 IR2, R1 R1,IM IR1,IM 

10.5 10.5 10.5 10.5 
CP CP CP CP 

R2, R1 IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 10.5 
XOR XOR XOR XOR 

R2, R1 IR2, A1 R1, IM IR1,IM 
10.5 
LD 

r1,x,R2 
20.0 20.0 10.5 

CALL* CALL LO 

IRR1 DA r2,x,R1 
10.5 10.5 10.5 10.5 
LD LD LD LD 

R2, R1 IR2, R1 R1,IM IR1, IM 
10.5 
LD ' ' R2, IA1 

y 

Pipeline 
Cycles 

3 

Mnemonic 

Second 
Operand 

Bytes per Instruction 

A 

12/10.5 
DJNZ 

r1, RA 

• 
y 

2 

Z86C04108 CMOS 71 
S·BIT MICROCONTROLLER 

B c D 

12/10.0 6.5 12.10.0 
JR LD JP 

cc, RA r1,IM cc, DA 

• • ~ 

3 
Legend: 
R = 8-bit Address 

r = 4-bit Address 

E 

6.5 
INC 

r1 

' 

R1 or r1 = Dst Address 

R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 

Second Operand 

F 

t--

t--

t--

1---
4.0 

WDH 

f-s.iJ 
WOT 

t-a.o" 
STOP 

'?.o 
HALT 

~ 
DI 

~ 
El 

~ 
RET 

t-w.o-
IRET 

~ 
RCF 

i--s.s-
SCF 

t-s.s 
CCF 

re.a 
NOP 

y -' 

Note: Blank areas are reserved. 

*2-byte instruction appears as 
a 3-byte instruction 
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PACKAGE INFORMATION 

SYMBOL MILLIMETER 

MIN MAX 

Al 0.51 0.81 
El A2 3.25 3.43 

B 0.38 0.53 

Bl l.14 1.65 

c 0.23 0.38 

-----D -----1 D 22.35 23.37 

E 7.62 8.13 

El 6.22 6.48 

INCH 

MIN 

.oeo 

.128 

.015 

.045 

.009 

.e00 

.300 

.245 

86C04/08 CMOS ZS' 
S·BIT MlcROCONTROLLER 

MAX 

.oae 

.135 

.Ool 

.065 

.015 

.920 

.320 

.255 

II 2.54 TYP ,100 TYP 

•A 7.87 8.89 .310 .350 
L 3.18 3.81 .125 .ISO 
Ill 1.:12 l.65 .060 .065 

s 0.89 1.65 .035 .065 

~r" 
L I ' Al 

s Ill 8 

CONTROLLING DIMENSIONS • INCH 

18-Pln DIP Package Diagram 

E H 

~QI 
MILLIMETER INCH 

SYMllllL 
MIN MAX MIN MAX 

" 2.40 2.65 .D94 .104 

Al 0.10 0.30 .004 .012 

N! 2.24 2.44 .088 .D96 

B 0.36 0.46 .ol4 .018 

c 0.23 0.30 .009 .012 

D 11.40 11.75 .449 .463 

E 7.40 7.60 .291 .299 

CONTROLLING DIMDISIDNS • HM • 1.27 TYP .o50 TYP 

LEADS ARE CDPL- WITHIN .004 INCH. H 10.00 to.65 .394 .419 

h 0.30 G.40 .012 .016 

L 0.60 1.00 .o24 .o39 
QI 0.97 l.o7 .038 .042 

18-Pln SOIC Package Diagram 
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ORDERING INFORMATION 

Z86C04 (8 MHz) 
Standard Temperature 

18-Pln DIP 18·Pln SOIC 
Z86C0408PSC Z86C0408SSC 

Z86C08 (12 MHz) 
Standard Temperature 

18-Pin DIP 18-Pln SOIC 
Z86C0812PSC Z86C0812SSC 

Extended Temperature 
18-Pin DIP 18-Pln SOIC 

Z86C0408PEC Z86C0408SEC 

Extended Temperature 
18-Pin DIP 18-Pln SOIC 

Z86C0812PEC Z86C0812SEC 

For fast results, contact your local Zilog sale offices for assistance in ordering the part(s) desired. 

CODES 

Preferred Package 
P= DIP 

Longer Lead Time 
S = SOIC 

Preferred Temperature 
S = 0°c to +70°C 

Longer Lead Time 
E = -40°C to + 105°C 

Speeds 
08 = 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z86C0408PSC 

~ 
is a Z86C04, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C04108 CMOS 1.89 
8-BIT MICROCONTROLLER 
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Z86E04/ED8 CMOS ZS® a 
B·Blt DTP Microcontrollers 





4'2iU a.., 

FEATURES 

• The Z86E04/E08 Devices Have the Following General 
Characteristics: 

• 
• 
• 
• 
• 
• 
• 
• 

Part 
Z86E04 
Z86E08 

ROM 
1 Kbyte 
2 Kbyte 

18-Pin Package (DIP, SOIC) 

RAM 
124 
124 

Speed 
8MHz 
12MHz 

Clock Speeds up to 8 MHz (E04), 12 MHz (E08) 

Low Noise Programmable 

ROM Protect Programmable 

4.5V to 5.5V Operating Range 

Low Power Consumption: 50 mW (Typical) 

Fast Instruction Pointer: 1 µs @ 12 MHz (E08), 
1.25 µs@ 8 MHz (E04) 

Two Standby Modes: STOP and HALT 

GENERAL DESCRIPTION 

The Z86E04/E08 8-bit One-Time-Programmable (OTP) 
Microcontrollers (MCUs) are members of Zilog's single
chip Z8111 microcontroller family with 1 K/2K bytes of one
time PROM, respectively. Offered in 18-pin DIP or SOIC 
style packages, and manufactured in CMOS technology, 
the Z86E04/E08 allow easy software development, debug 
and prototyping, and are ideal for small production runs 
not economically desirable with a masked ROM version. 

TheZ86E04/E08 are characterized by a flexible 1/0 scheme, 
an efficient register, and address space structure, in 
addition to a number of ancillary features useful in many 
consumer, industrial, and commercial applications. 

PRODUCT SPECIFICATION 

Z86E04/E08 
CMOS Z8® 8-BIT OTP 
MICROCONTROLLERS 

• 14 Input/Output Lines 

• All Digital Inputs, CMOS Levels, Schmitt-Triggered . 

• Two Programmable 8-Bit Counter/Timers Each 
with a 6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from 
Six Different Sources. 

• Programmable Watch-Dog Timer 

• Power-On Reset Timer 

• Two On-Board Comparators 

• On-Chip Oscillator that Accepts a Crystal, 
Ceramic Resonator, LC, or External Clock Drive. 

• Programmable Interrupt Polarity 

• Auto Latches 

For applications demanding powerful 1/0 capabilities, the 
Z86E04/E08 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/0, timing, 
and status signals. There are two basic address spaces 
available to support this configuration: program memory 
and 124 bytes of general-purpose registers. 

The Z86E04/E08 each offer programmable EPROM Pro
tect and programmable Low Noise. When the part is 
programmed for EPROM Protect, the Low Noise feature 
will automatically be enabled. When programmed for Low 
Noise, the EPROM Protect feature is optional. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86E04/E08 CMOS ZS' II-Brr 
OTP MICROCONTROUBI 

To unburden the system from coping with real-time tasks, 
such as counting/timing and 1/0 data communications, the 
Z86E04/E08 offers two on-chip counter/timers with a large 
number of user selectable modes. Included, are two on
board comparators that can process analog signals with a 
common reference voltage (Figures 1 and 2). 

All Signals with a preceding front slash, ·r. are active Low, e.g.: 

4-2 

Input 

Port3 

Counter/ 
limers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

BINI (WORD is active Low); /BN/ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Vee 

Connection 

GND 

Power 
Ground 

Circuit 

XTAL 

Vee 
GND 

Machine 
----- .... ------...,,...liming & Inst. 

ALU 

FLAG 

Register 
Pointer 

1/0 

Control 

OTP 
Program Memory 
102412048 x 8-Bit 

Device 

Figure 1. Z86E04/E08 Functional Block Diagram 



Clear Clock EPM /CE /PGM 
POO P01 P32 XT1 P02 

07-00 

A10·AO 

1K/2K 
EPROM 

ROMPROT 
Low Noise 

VPP 
P33 

Z86E04/E08 CMOS ZS' 8-BIT 
OTP MICROCONTROLL£R 

/OE 
P31 

Figure 2. Z86E04/E08 EPROM Programming Mode Block Diagram 

PIN DESCRIPTION 

Table 1. 18-Pin DIP/SOIC Pin Identification 
04 18 03 

EPROM Programming Mode 
05 2 17 02 

Pin# Symbol Function Direction 
06 3 16 01 

1-4 D7-D4 Data 4, 5, 6, 7 In/Output 
5 Vee Power Supply 07 4 Z86E04 15 DO 

6 N/C No Connection vcc 5 /EOS 14 GND 
7 /CE Chip Enable Input DIP 
8 /OE Output Enable Input N/C 6 13 /PGM 

9 EPM EPROM Prog Mode Input /CE 7 12 CLOCK 

10 vpp Prog Voltage Input /OE 8 11 CLEAR 
11 Clear Clear Clock Input 

EPM VPP 12 Clock Address Input 9 10 

13 /PGM Prog Mode Input 
14 GND Ground 
15-18 D3-DO Data 0, 1, 2, 3 In/Output Figure 3. 18-Pin DIP/SOIC Pin Configuration 

EPROM Programming Mode 
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PIN DESCRIPTION 

P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 

P27 4 
Z86E04 15 P20 

vcc 5 /E08 14 GND 

XTAL2 6 
DIP 

13 P02 

XTAL1 7 12 P01 

P31 8 11 POO 

P32 9 10 P33 

Figure 4. 18-Pln DIP Pin Configuration 
Standard Mode 

P24 

P25 

P26 

P27 

vcc 

XTAL2 

XTAL1 

P31 

P32 

2 

3 

4 
Z86E04/E08 

5 SOIC 
6 

7 

8 

9 

Z86E041E08 CMOS ZS' S·Brr 
OTP MICROCONTROLLER 

18 P23 

17 P22 

16 P21 

15 P20 

14 GND 

13 P02 

12 P01 

11 POO 

10 P33 

Figure 5. 18-Pin SOIC Pin Configuration 
Standard Mode 

Table 2. 18-Pin DIP/SOIC Pin Identification 

Standard Mode Standard Mode 
Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-4 P24-P27 Port 2, Pins 4,5,6,7 In/Output 9 P32 Port 3, Pin 2, AN2 Input 
5 Vee Power Supply 10 P33 Port 3, Pin 3, REF Input 
6 XTAL2 Crystal Osc. Clock Output 11-13 POO-P02 Port 0, Pins 0, 1,2 In/Output 
7 XTAL1 Crystal Osc. Clock Input 14 GND Ground 
8 P31 Port 3, Pin 1, AN1 Input 15-18 P20-P23 Port 2, Pins 0, 1,2,3 In/Output 
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PIN FUNCTIONS 

OTP Programming Mode 

07-DO Data Bus. Data can be read from, or written to the 
EPROM through this data bus. 

V cc Power Supply. It is 5V during EPROM Read Mode and 
6V during the other modes (Program, Program Verify, etc.). 

/CE Chip Enable (active Low). This pin is active during 
EPROM Read Mode, Program Mode, and Program Verify 
Mode. 

/OE Output Enable (active Low). This pin drives the Data 
Bus direction. When this pin is Low, the Data Bus is output. 
When High, the Data Bus is input. 

EPM EPROM Program Mode. This pin controls the differ
ent EPROM Program Modes by applying different 
voltages. 

VPP Program Voltage. This pin supplies the program volt
age. 

Clear Clear (active High). This pin resets the internal 
address counter at the High Level. 

Z86E04/E08 CMOS ZS' S·BIT 
OTP MICROCONTROLLER 

Clock Address Clock. This pin is a clock input. The internal 
address counter increases by one with one clock cycle. 

/PGM Program Mode (active Low). A Low level at this pin 
programs the data to the EPROM through the Data Bus. 

Application Precaution 

The production test-mode environment may be enabled 
accidentally during normal operation if excessive noise 
surges above Vee occur on the XTAL1 pin. 

In addition, processor operation of ZS OTP devices may be 
affected by excessive noise surges on the VP , /CE, /EPM, 
/OE pins while the microcontroller is in Stand"ard Mode. 

Recommendations for dampening voltage surges in both 
test and OTP mode include the following: 

• Using a clamping diode to V cc 

• Adding a capacitor to the affected pin. 
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Z86E041E08 STANDARD MODE 

Z86E041E08 CMOS zat 8-Brr 
OTP MICROCONTROLLER 

XTAL 1, XT AL2 Crystal In, Crystal Out (time-based input 
and output, respectively). These pins connect a parallel
resonant crystal, LC, or an external single-phase clock 
(8 MHz or 12 MHz max) to the on-chip clock oscillator and 
buff er. 

can be globally configured under software control to be 
inputs or outputs (Figure 6). 

Port 0, P02-POO. Port 0 is a 3-bit bi-directional, Schmitt
triggered CMOS compatible 1/0 port. These three 1/0 lines 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33, P32, P31) that are not externally 
driven. Whether this level is 0 or 1 cannot be determined. 
A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. 

Z86E04}=:} and Port 0 (110) Z86EOB 

O en 

PAD 

Out 

1.5.-- 2.3 Hysteresis vcc o s.ov 

r ----------- -, 
I I 
I I Auto Latch 

I I 
I R~500k.Q I L _____________ .J 

Figure 6. Port O Configuration 
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Port 2, P27·P20. Port 2 is an 8-bit, bit programmable, bi
directional, Schmitt-triggered CMOS compatible 1/0 port. 
These eight 1/0 lines can be configured under software 

control to be inputs or outputs, independently. Bits pro
grammed as outputs can be globally programmed as 
either push-pull or open-drain (Figure 7). 

en-Drain 

Out 

-

ZB6E04 
and 

ZBBEO B 

----' 

...... 

...... 

Port2 (1/0) - ...... 

~ ...... 

-. ..... 

Port2 

1.s..- 2.3 Hysteresis 

r ----------- -, 
I I 
I I 
I I 
I R~500kil I L _____________ J 

Figure 7. Port 2 Configuration 

PAD 

Auto latch 
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ft'ZH . .CS 
Z86E041E08 Standard Mode (Continued) 

Z86E041E08 CMOS '11' I-BIT 
OTP MlcRoccNTRoLLER 

Port 3, P33-P31. Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P32-P30) lines. These three input 
lines can be configured under software control as digital 

inputs or analog inputs. These three input lines are also 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T1N - Figure 8). 

At.D 

P31 (AN1) 

At.D 

P32(AN2) 

P33 (REF) 
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-
Z86E04 

and 
Z86E08 

-

R247•P3M 

} ~· 

.----11-. P31 
"":"o-~~~~~~~~.__---1.. Latch 

IRQ2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 
IRQ 0, 1,2 = Falling Edge Detection 
IRQ3 =Rising Edge Detection 

IRQ3 
P32 Data 
Latch 
IRQO 

P33Data 
Latch 
IRQ1 

Figure 8. Port 3 Configuration 



Comparator Inputs. Two analog comparators are added 
to input of Port 3, P31 and P32, for interface flexibility. The 
comparators reference voltage P3 (REF) is common to 
both comparators. 

Typical applications for the on-board comparators; Zero 
crossing detection, AID conversion, voltage scaling, and 
threshold detection. In analog mode, P33 input functions 
serve as a reference voltage to the comparators. 

The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 

FUNCTIONAL DESCRIPTION 

The following special functions have been incorporated 
into the ZS6E04/EOS devices to enhance the standard ZS" 
core architecture to provide the user with increased de
sign flexibility. 

INTOSC 

Delay Line 
TPORmsec 

Z86E04/E08 CMOS ZB' S·BIT 
OTP MICROCONTROLLER 

mode. The common voltage range is 0-4 V when the V cc is 
5.0 V; the power supply and common mode rejection ratios 
are 90 dB and 60 dB, respectively. 

Interrupts are generated on either edge of Comparator 2's 
output, or on the falling edge of Comparator 1 's output. The 
comparator output is used for interrupt generation, Port 3 
data inputs, orT,N through P31. Alternatively, the compara
tors can be disabled, freeing the reference input (P33) for 
use as IRQ1 and/or P33 input. 

RESET. This function is accomplished by means of a 
Power-On Reset or a Watch-Dog Timer Reset. Upon power
up, the Power-On Reset circuit waits for TPoR ms, plus 1S 
clock cycles, then starts program execution at address 
OOOC (Hex) (Figure 9). The ZS6E04/EOS control registers' 
reset value is shown in Table 3. 

XTALOSC 

16CLK 
Reset Filiter 

Figure 9. Internal Reset Configuration 

Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for a POR timer 
function. The POR time allows V cc and the oscillator circuit 
to stabilize before instruction execution begins. The POR 
timer circuit is a one-shot timer triggered by one of the four 
following conditions: 

• Power bad to power good status 
• Stop-Mode Recovery 
• WOT time-out 
• WDH time-out 

Watch-Dog Timer Reset. The WOT is a retriggerable one
shot timer that resets the ZS if it reaches its terminal count. 
The WOT is initially enabled by executing the WOT instruc
tion and is retriggered on subsequent execution of the 
WOT instruction. The timer circuit is driven by an on-board 
RC oscillator. 
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FUNCTIONAL DESCRIPTION (Continued) 

Table 3. Z86E04/E08 Control Registers 

Resat Condition 
Addr. Reg. 07 06 05 04 03 02 01 DD Comments 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 

F6* P2M Inputs after 
reset 

F7* P3M u u u u u u 0 0 
F8* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3 is 

used for 
positive 
edge detec-
lion 

FB IMR 0 u u u u u u u 
FC FLAGS U u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 
FF SPL u u u u u u u u 
Note: 
• Registers are not reset after a STOP-Mode Recovery using P27 pin. 

A subsequent reset will cause these control registers to be reconfigured 
as shown in Table 4 and the user must avoid bus contention on the port 
pins or it may affect device reliability. 
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Program Memory. The Z86E04/E08 addresses up to 1 Kl 
2K bytes of internal program memory (Figure 10). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Bytes 0-1024/ 
2048 are on-chip one-time programmable ROM. 

1024 (E04) 
2048 (EOB) 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

On-Chip 
ROM 

.............. ~- - - - -- - - - - -
12 

11 IRQ5 

10 IRQ5 

9 IRQ4 

8 IRQ4 

7 IRQ3 

6 IRQ3 

5 I'-.. IR02 

1---' _!.-- IRQ2 

3 IRQ1 

2 IRQ1 

1 IRQO 

0 IRQO 

Figure 10. Program Memory Map 



Register File. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 14 control 
and status registers RO-R3, R4-R127 and R241-R255, 
respectively (Figure 11 ). General-purpose registers oc
cupy the 04H to 7FH address space. 1/0 ports are mapped 
as per the existing CMOS ZS. The Z86E04/E08 instructions 
can access registers directly or indirectly through an 8-bit 

Location 
255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

128 

127 

4 

3 

2 

a 

Stack Pointer (Bits 7-0) 

General-Purpose Register 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3Mode 

Port2Mode 

TO Prescaler 

limer/CounterO 

T1 Prescaler 

1imer/Counter1 

1imerMode 

Not Implemented 

General-Purpose 
Registers 

Port3 

Port2 

Reserved 

Porto 

Figure 11. Register File 

Identifiers 

SPL 

GPA 

AP 

FLAGS 

HMH 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

Z86E041E08 CMOS U' 8-BIT 
OTP MICROCONTROLl.ER 

address field. This allows short 4-bit register addressing 
using the Register Pointer. In the 4-bit mode, the register 
file is divided into eight working register groups, each 
occupying 16 continuous locations. The Register Pointer 
(Figure 12) addresses the starting location of the active 
working-register group. 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 

--_J FFOF L _ __.I} \ • R15toRO 

7F 

70 
BF 

60 
5F 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group 

Register Group 1 

Register Group O 

~ 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 

~-----------------
~ R15toRO 

R15to R4" 

R3toRO l/O Ports 

"Expanded Register Group (0) is selected in this figura 
by handling bits 03 to DO as •o• in Rsgister R253(RP). 

Figure 12. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 

Stack Pointer. The Z86E04/E08 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 

General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. Note: 
Register R254 has been designated as a general-purpose 
register. 

Counter/Timer. There are two 8-bit programmable counter/ 
timers (TO and T1), each driven by its own 6-bit program· 
mable prescaler. The T1 prescaler is driven by internal or 
external clock sources; however, the TO can be driven by 
the internal clock source only (Figure 13). 

The 6-bit prescalers divide the input frequency of the clock 
source by any integer number from 1 to 64. Each prescaler 

Clock 
Logic 

TIN P31 

Internal Clock 

Extemal Clock 

lntemal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Z86E04/E08 CMOS 71' a.arr 
OTP MICROCONTROLW 

drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When both counter 
and prescaler reach the end of count, a timer interrupt 
request IRQ4 (TO) or IRQS (T1) is generated. 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters are 
also programmed to stop upon reaching zero (single pass 
mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided by four, or an external signal 
input through Port 3. The Timer Mode register configures 
the external timer input (P30) as an external clock, a trigger 
input that is retriggerable or non-retriggerable, or used as 
a gate input for the internal clock. 

lntemal Data Bus 

To 
Initial Value 

Register 

8-bil 
Down 

Counter 

To 
Current Value 

Register 

-----.- IRQ4 -----

8-Bit 
Down 

Counter 

TI 
Initial Value 

Register 

lntemal Data Bus 

T1 
Current Value 

Register 

IRQS 

Figure 13. Countertrlmers Block Diagram 
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Interrupts. The Z86E04/EOB has six interrupts from five 
different sources. These interrupts are maskable and 
prioritized (Figure 14). The sources are divided as follows: 
the rising edge of P31 (AN1), P32 (AN2), P33 (REF), the 
rising edge of P32 (AN2), and two counter/timers. The 
Interrupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 4). 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. All Z86E04/E08 
interrupts are vectored through locations in program 
memory. When an Interrupt machine cycle is activated, an 
Interrupt Request is granted. This disables all subsequent 
interrupts, saves the Program Counter and Status Flags, 
and then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86E041E08 CMOS ZS' 8-Brr 
OTP MICROCONTROLLER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 

Note: User must select any ZB6EOB mode In Zi/og's C12 
ICEBOX"' emulator. The rising edge lnte"upt Is not 
supported on the ZB6CCPOOZEM emulator. 

Table 4. Interrupt Types, Sources, and Vectors 

Name 

IROO 
IRQ1 
IRQ2 
IR03 
IRQ4 
IRQ5 

Notes: 

Source 

AN2(P32) 
REF(P33) 
AN1(P31) 
AN2(P32) 
TO 
T1 

F = Falling edge triggered 
R = Rising edge triggered 

IRQO-IRQS 

IPR 

PRIORITY 
LOGIC 

Vector Select 

Vector 
Location 

6 

0, 1 
2,3 
4,5 
6,7 
8,9 

10,11 

Comments 

External (F)Edge 
External (F)Edge 
External (F)Edge 
External (R)Edge 
Internal 
Internal 

Figure 14. Interrupt Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86E04/E08 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
(XTAL1 =INPUT, XTAL2 =OUTPUT). The crystal should 
be AT cut, 8 MHz or 12 MHz max, with a series resistance 
(RS) of less than or equal to 100 Ohms. 

XTAL1 

C1 
I 

C1I 

Vss* ':' • Vss* -::-

XTAL2 

C2 I 

Vss* -= 
C2I 

Vss• -::-

Z86E041E08 CMOS ZB' 8-BIT 
OTP MICROCONTROLLERS 

The crystal should be connected across XT AL 1 and XT AL2 
using the vendors crystal recommended capacitors from 
each pin directly to device ground pin 14 (Figure 15). Note 
that the crystal capacitor loads should be connected to 
Vss• Pin 14 to reduce Ground noise injection. 

XTAL1 

L 

XTAL2 

Ceramic Resonator LC Clock External Clock 
or Crystal 

• Device Ground Pin 

Figure 15. Oscillator Configuration 

HALT Mode. This instruction turns off the internal CPU 
clock but not the crystal oscillation. The counter/timers and 
external interrupts IRQO, IRQ1, IRQ2 and IRQ3 remain 
active. The device is recovered by interrupts, either exter
nally or internally generated. An interrupt request must be 
executed (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 µA. The STOP mode is released by a RESET 
through a Stop-Mode Recovery (pin P27). A Low input 
condition on P27 releases the STOP mode. Program ex
ecution begins at location OOOC(Hex). However, when P27 
is used to release the STOP mode, the 1/0 port mode 
registers are not reconfigured to their default power-on 
conditions. This prevents any 1/0, configured as output 
when the STOP instruction was executed, from glitching to 
an unknown state. To use the P27 release approach with 
STOP mode, use the following instruction: 

LD P2M, #1XXX XXXXB 
NOP 
STOP 

X = Dependent on user's application. 
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In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user executes a NOP 
(opcode=FFH) immediately before the appropriate SLEEP 
instruction, i.e.: 

FF NOP clear the pipeline 
6F STOP enter STOP mode 
or 
FF NOP clear the pipeline 
7F HALT enter HALT mode 

Watch-Dog Timer (WDT). The Watch-Dog Timer is en
abled by instruction WOT. When the WDT is enabled, it 
cannot be stopped by the instruction. With the WOT 
instruction, the WDT is refreshed when it is enabled within 
every 1 Twdt period; otherwise, the Z86E04 resets itself, 
The WOT instruction affects the flags accordingly; Z=1, 
S=O, V=O. 

WDT = 5F (Hex) 

Opcode WOT (5FH). The first time opcode 5FH is ex
ecuted, the WOT is enabled and subsequent execution 
clears the WDT counter. This must be done at least every 
T wor; otherwise, the WDT times out and generates a reset. 
The generated reset is the same as a power-on reset of 
TPoR' plus 18 XTAL clock cycles. 



Opcode WDH (4FH). When this instruction is executed it 
enables the WOT during HALT. If not, the WOT stops when 
entering HALT. This instruction does not clear the counters, 
it just makes it possible to have the WOT running during 
HALT mode. A WOH instruction executed without execut· 
ing WOT (5FH) has no effect. 

Auto Reset Voltage (V AsT). The ZB6E04/EOB has an auto· 
reset built-in. The auto-reset circuit resets the Z86E04/E08 
when it detects the V cc below V Asr Figure 16 shows the 

Vee 
(Volts} 

2.50 

2.45 

2.40 

2.35 

2.30 f'..,., 

2.25 

Z86E041E08 CMOS U' B·BIT 
OTP MICAOCONTROUER 

Auto Reset Voltage vs temperature. The Z86E04/EOB does 
not function from VAST to below 4.5V. Upon power-up of the 
device, the Vee rise time must reach 4.5V before the TPoA 
expires so that program execution begins with the Vee in 
the range 4.5V to 5.5V. 

If the V cc drops below 4.5V while the device is in operation, 
the device must be powered down and then re-powered 
up again. 

L 
y 

v 
2.20 '-~~'-~~.i-.~~.i-.~~.i-.~~ ....... ~~ ....... ~~...i...~~...iTemp 

-s·c 25•c 1s·c 

Figure 16. Typical Auto Reset Voltage (VRST) vs Temperature 
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FUNCTIONAL DESCRIPTION (Continued) 

Low EMI Emission 

The Z86E04/E08 can be programmed to operate in a low 
EMI emission mode by means of an EPROM program
mable bit option. Use of this feature results in: 

• Less than 1 mA consumed during HALT mode. 

• All drivers slew rates reduced to 10 ns (typical). 

• Internal SCLKJTCLK = XT AL operation limited to a 
maximum 
of 4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

The Z86E04/E08 offers programmable ROM Protect and 
programmable Low Noise features. When programmed 
for Low Noise, the ROM Protect feature is optional. 

Z86E04/E08 CMOS ZS' 8-BIT 
OTP MICROCONTROLLER 

In addition to V DD and GND (V 55), the Z86E04/E08 changes 
all its pin functions in the EPROM mode. XT AL2 has no 
function, XTAL 1 functions as /CE, P31 functions as /OE, 
P32 functions as EPM, P33 functions as VPP' and P02 
functions as /PGM. 

ROM Protect. ROM Protect fully protects the Z86E04/E08 
ROM code from being read externally. When ROM Protect 
is selected, the Z86E04/E08 will disable the instructions 
LDC and LDCI (Z86E04/E08 and Z86C04/C08 do not 
support the instructions of LDE and LDEI). When the 
device is programmed for ROM Protect, the Low Noise 
feature will automatically be enabled. 

Please note that when using the device in a noisy environ
ment, it is suggested that the voltages on the EPM and CE 
pins be clamped to Vee through a diode to Vee to prevent 
accidentally entering the OTP mode. The V PP requires both 
a diode and a 100 pF capacitor. 

User Modes. Table 5 shows the programming voltage of 
each mode of Z86E04/E08. 

Table 5. OTP Programming Table 

Programming Modes Device 

EPROM READ1 All 
EPROM READ2 All 

PROGRAM All 
PROGRAM VERIFY All 

EPROM PROTECT All 
LOW NOISE SELECT E04/E08 

Notes: 
VH 12.5V±0.5V 
v," As per specific ZB DC specification. 
V" = As per specific ZB DC specification. 
X Not used, but must be set to V", v,"' or V,L level. 
NU = Not used, but must be set to either v,H or v,L level. 
IPP during programming = 40 mA maximum. 
Ice during programming, verify, or read = 40 mA maximum. 
• V cc has a tolerance of ±0.25V. 
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vpp EPM 

x VH 
x VH 

VH x 
VH x 
VH VH 
VH VIH 

/CE /OE /PGM ADDA DATA Vee* 

VIL VIL VIH ADDA Out 4.5V 
VIL VIL VIH ADDR Out 5.5V 

VIL VIH VIL ADDR In 6.0V 

VIL VIL VIH ADDR Out 6.0V 

VH VIH VIL NU NU 6.0V 
VH VIH VIL NU NU 6.0V 



Internal Address Counter. The address of Z86E04/E08 is 
generated internally with a counter clocked through pin 
P01 (Clock). Each clock signal increases the address by 
one and the 'high" level of pin POO (Clear) will reset the 
address to zero. Figure 17 shows the setup time of the 
serial address input. 

Z86E041E08 CMOS 7JJ' B·BIT 
OTP MICROCONTROLLER 

Programming Waveform. Figures 18, 19 and 20 show the 
programming waveforms of each mode. Table 6 shows the 
timing of programming waveforms. 

Programming Algorithm. Figure 21 shows the flow chart 
of the Z86E04/E08 programming algorithm. 

Table 6. Timing of Programming Waveforms 

Parameters Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 V cc Setup Time 2 µs 

5 Chip Enable Setup Time 2 µs 
6 Program Pulse Width 0.95 ms 
7 Data Hold Time 2 µs 
8 /OE Setup Time 2 µs 

9 Data Access Time 200 ns 
10 Data Output Float Time 100 ns 
11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 µs 

13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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FUNCTIONAL DESCRIPTION {Continued) 

P01 =Clock 

POO=Clear 

Internal 
Address 

Vih 

Data Vil Invalid 

Legend: 

T1 Reset Clock Width 
T2 Input Clock High 
T3 Input Clock Period 
T4 Input Clock Low 
T5 Clock to Address Counter Out Delay 

30nsMin 
30nsMin 
70nsMin 
30nsMin 
15 ns Max 

Figure 17. Z86E04/E08 Address Counter Waveform 

4-18 

Z86E041E08 CMOS zr 8-Brr 
OTP MICAOCONTROLLER 



Ci\2.iUJ6 Z86E04/E08 CMOS '1J' 8-BIT 
OTP MICROCONTROLLER 

VIH 

Address 
VIL >t ---- x Address Stable x 
VIH 

OMin 

Data Invalid 
VIL 

VH 

VPP 
VIL 

VH 

~ EPM 
VIL 

® 5.5V 

~ vcc 
4.5V 

VIH 

/CE ~ VIL 

VIH 
OMin 

f 
/OE 

VIL 

VIH 

~ /PGM 
VIL 

II ® 

Figure 18. Z86E04/E08 Programming Waveform 
(EPROM Read) 
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FUNCTIONAL DESCRIPTION (Continued) 

Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 

4·20 

VIH 

VIL 

VIH 

VIL 

VH 

VIH 

VH 

VIL 

6V 

4.5V 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

Address Stable 

..----Program Cycle ----i~- Verify Cycle 

Figure 19. Z86E04/E08 Programming Waveform 
(Program and Verify) 

Z86E04/E08 CMOS ZS' B·BIT 
OTP MICROCONTROLl.ER 



VIH 

Address 
VIL 

VIH 

Z86E04/E08 CMOS VJ' B·Brr 
OTP MICROCONTROLLER 

Dara ~V-IL __ _,.,)(~----------------------------------------------~ 
VPP 

Vee 

/CE 

/OE 

EPM 

VH 

VtH 

6V 

4.5V 

VH 

VIH 

VIH 

VIL 

VH 

VIH 

VIL 

VIH 

/PGM VIL 

EPROM Protect Low Noise 

Figure 20. Z86E04/E08 Programming Waveform 
(EPROM Protect and Low EMI Program) 
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FUNCTIONAL DESCRIPTION (Continued) 

Increment 
Address 

Start 

Device Passed 

Figure 21. Z86E04/E08 Programming Algorithm 
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ABSOLUTE MAXIMUM RATINGS 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; functional operation of the 
device at any condition above those indicated in the 
operational sections of these specifications is not implied. 
Exposure to absolute maximum rating conditions for an 
extended period may affect device reliability. Total power 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V55 

Voltage on V 00 Pin with Respect to V ss 
Voltage on Pins 7, 8, 9, 10 with Respect to V ss 
Total Power Dissipation 
Maximum Current out of V55 

Maximum Current into V00 

Maximum Current into an Input Pin 
Maximum Current into an Open-Drain Pin 
Maximum Output Current Sinked by Any 1/0 Pin 
Maximum Output Current Sourced by Any 1/0 Pin 
Total Maximum Output Current Sinked by Port 2 
Total Maximum Output Current Sourced by Port 2 

Notes: 
[1] This applies to all pins except where otherwise noted. 

Maximum current into pin must be ±600 µA. 
[2] There is no input protection diode from pin to V 00 

(not applicable to EPROM Mode). 
[3] This excludes Pin 6 and Pin 7. 
[ 4] Device pin is not at an output Low state. 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 22). 

CAPACITANCE 

ZB6E04/E08 CMOS ZS' 8·BIT 
OTP MICROCONTROLLER 

dissipation should not exceed 462 mW for the package. 
Power dissipation is calculated as follows: 

Total Power Dissipation = V00 x [ 100 -(sum of l0 H)] 

+sum of [ (V00 - V0H) x 10H] 
+sum of (VO!. x IOL) 

Min Max Units Note 

-40 +105 c 
-65 +150 c 
-0.6 +12 v [1 J 
-0.3 +7 v 
-0.6 voo+1 v [2] 

462 mW 
84 mA 
84 mA 

-600 +600 µA [3] 
-600 +600 µA (4] 

12 mA 
12 mA 
70 mA 
70 mA 

From Output o----<10---
Under18st 

Figure 22. Test Load Diagram 

TA= 25°C, V cc= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Min 

0 
0 
0 

Max 

10 pF 
20 pF 
25 pF 
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•21Ul6 Z86E04/E08 CMOS ZS' 8-Brr 
OTP MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS 

TA• 0°C to +70°C Typical 
Symbol Parameter Vee Min Max @25°C Units Conditions Notes 

VcH Clock Input High 4.5V 0.8 Vee Vcc+Q.3 2.4 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee Vcc+0.3 2.6 v Driven by External 
Clock Generator 

VcL Clock Input Low 4.5V Vss-0.3 0.2 Vee 1.6 Driven by External 
Voltage Clock Generator 

5.5V Vsg-D.3 0.2 Vee 2.3 v Driven by External 
Clock Generator 

V1H Input High Voltage 4.5V 0.7Vcc Vce+0.3 2.1 v 
5.5V 0.7 Vee Vcc+0.3 2.7 v 

VIL Input Low Voltage 4.5V Vss-0.3 0.2 Vee 1.2 v 
5.5V Vss-0.3 0.2 Vee 1.7 v 

VoH Output High Voltage 4.5V Vec-0.4 3.9 v loH=-2.0mA [3) 
5.5V Vcc-0.4 5.4 v loH=-2.0mA [3) 

VoH Output Low Voltage 4.5V Vec-0.4 v Low Noise@ 
loH=-0.5mA 

5.5V Vcc-0.4 v Low Noise@ 
loH=-0.5mA 

Vol Output Low Voltage 4.5V 0.4 v Low Noise@ 
loL =+1 mA 

5.5V 0.4 v Low Noise@ 
loL =+1 mA 

Voll Output Low Voltage 4.5V 0.8 0.2 v loL =+4.0 mA [3) 
5.5V 0.4 0.2 v loL =+4.0 mA [3) 

Vol2 Output Low Voltage 4.5V TBD 0.7 v loL=+12mA, 
3 Pin Max [3) 

5.5V 0.8 0.5 v loL =+12mA, 
3 Pin Max [3) 

VoFFsET Comparator Input 4.5V 10 6 mV 
Offset Voltage 

5.5V 25 7 mV 

VRST Auto Reset Voltage 1.55 2.7 2.4 v 
l1L Input Leakage 4.5V -1.0 1.0 1.0 µ4. V1N=OV, Vee 

(Input Bias Current 5.5V -1.0 1.0 1.0 µ4. V1N =OV, Vee 
of Comparator) 

loL Output Leakage 4.5V -1.0 1.0 1.0 µ4. VIN =OV, Vee 
5.5V -1.0 1.0 1.0 µ4. V1N=OV,Vee 

V1eR Input Common Mode 0 Vee-1.0 v 
Voltage Range 
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•21LCJ6 Z86E04/E08 CMOS ~ B-BIT 
OTP MICROCONTROLLER 

TA•D°Cto+70°C Typical 
Symbol Parameter Vee Min Max @25°& Units Conditions 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins 
(Standard Mode) Floating @ 2 MHz 

5.5V 7.0 5.0 mA All Output and 1/0 Pins 
Floating @ 2 MHz 

4.5V 9.0 4.5 mA All Output and 1/0 Pins 
Floating @ 8 MHz 

5.5V 11.0 8.3 mA All Output and 1/0 Pins 
Floating@ 8 MHz 

4.5V 10 6.1 mA All Output and 1/0 Pins 
Floating @ 12 MHz (E08) 

5.5V 15 10.8 mA All Output and 1/0 Pins 
Floating@ 12 MHz (E08) 

lcc1 Standby Current 4.5V 2.5 0.5 mA HALT mode V1N = OV, 
(Standard Mode) Vcc ® 2 MHz 

5.5V 4.0 1.0 mA HALT mode V1N = OV, 
Vcc®2 MHz 

4.5V 4.0 1.0 mA HALT mode V1N = OV, 
Vcc® 8MHz 

5.5V 5.0 2.0 mA HALT mode V1N = OV, 
Vcc®B MHz 

4.5V 5.0 1.3 mA HALT mode V1N = OV. 
Vcc ® 12 MHz (E08) 

5.5V 7.0 2.3 mA HALT mode V1N = OV, 
Vcc ® 12 MHz (E08) 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating @ 1 MHz II 5.5V 7.0 4.2 mA All Output and 1/0 Pins 

Floating @ 1 MHz 
4.5V 6.0 2.9 mA All Output and 1/0 Pins 

Floating @ 2 MHz 
5.5V 9.0 5.5 mA All Output and 1/0 Pins 

Floating @ 2 MHz 
4.5V 8.0 4.4 mA All Output and 1/0 Pins 

Floating @ 4 MHz 
5.5V 11.0 7.9 mA All Output and 1/0 Pins 

Floating @ 4 MHz 
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'il2JUE Z86EIMJE08 CMOS U- B-Brr 
OTP MICRocoNTAOLlER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

r •• D°C to +7D°C Typical 
Symbol Parameter Yee Min Max @25°C Units Conditions 

fcc1 Standby Current 4.5V 1.2 0.4 mA HALT mode v,N=OV, 
(Low Noise Mode) Vcc@1 MHz 

5.5V 1.6 0.9 mA HALTmodeVIN=OV, 
Vcc@1 MHz 

4.5V 1.5 0.5 mA HALTmodeVIN=OV, 
Vcc@2MHz 

5.5V 1.9 mA HALT mode Vt1=0V, 

4.5V 2.0 0.8 
Vcc@2 MHz 

mA HALTmodeVfl=OV, 
Vcc@4MHz 

5.5V 2.4 1.3 mA HALT mode VIN= OV, 
Vcc@4MHz 

ICC2 Standby Current 4.5V 10 1.0 
"" 

STOP mode VIN = OV, 
Vee WOT is not Running 

5.5V 10 1.0 

"" 
STOP mode VIN= OV, 
Vee WOT is not Running 

fALL Auto Latch Low Current 4.5V 10 6.0 

"" 
0V<V1N<Vee 

5.5V 15 11.5 

"" 
0V<V1N<Vcc 

IALH Auto Latch High Current 4.5V -7.0 -3.3 

"" 
0V<V1N<Vcc 

5.5V -7.0 -6.5 

"" 
0V<V111 <Vcc 

Notes: 
[1] '= Typ MIX Unit Freq 

Clock Driven 0.3 5.0 mA SMHz 
Crystal or Resonator 3.5 5.0 mA SMHz 

[2] V88 =0V=GND 
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AC ELECTRICAL CHARACTERISTICS 

Clock 

IRQ N 

Figure 23. Electrical Timing Diagram 

Z86E041E08 CMOS ZB' B·BIT 
OTP MICROCONTROLLER 

\_ 
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~211.C6 Z86E041E08 CMOS zst 8-BIT 
OTP MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= D°C lo +70°C 
1 MHz 4MHz 

No Symbol Parameter Vee Min Max Min Max Units Notes 

TpC Input Clock Period 4.5V 1000 DC 250 DC ns [1) 
5.5V 1000 DC 250 DC ns [1) 

2 TrC,TfC Clock Input Rise 4.5V 25 25 ns [1] 
and Fall Times 

5.5V 25 25 ns 

3 TwC Input Clock Width 4.5V 500 125 ns [1] 
5.5V 500 125 ns [1) 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1) 

5 TwTinH Timer Input High Width 4.5V 2.5TpC 2.5TpC [1) 
5.5V 2.5TpC 2.5TpC [1] 

6 TpTin Timer Input Period 4.5V 4TpC 4TpC [1] 
5.5V 4TpC 4TpC [1) 

7 TrTin, Timer Input Rise 4.5V 100 100 ns [1) 
TtTin and Fal I Timer 

5.5V 100 100 ns [1) 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2) 
Low Time 

5.5V 70 70 ns [1,2] 

9 TwlH Int. Request Input 4.5V 2.5TpC 2.5TpC [1) 
High Time 

5.5V 2.5TpC 2.5TpC [1,2] 

10 Twdt Watch-Dog Timer 4.5V 15 15 ms [1] 
Delay Time 

5.5V 10 10 ms [1] 

11 TPOR Power-On 4.5V 15 10 ms [1] 
Reset Time 5.5V 15 10 ms [1] 

Notee: 
[1] Timing Reference uses 0.9 Vee for a logic 1 and 0.1 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
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<t'2iUE Z86E041E08 CMOS ZS' II-Brr 
OTP MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Standard Mode, Standard Temperature 

T, = 0°c to +70°c 
8 MHz (E04) 12 MHz(EOB) 

No Symbol Parameter Vee Min Max Min Max Units Notes 

TpC Input Clock Period 4.5V 125 DC 83 DC ns [1] 
5.5V 125 DC 83 DC ns [1] 

2 TrC,TfC Clock Input Rise 4.5V 25 15 ns [1] 
and Fall Times 

5.5V 25 15 ns 

3 TwC Input Clock Width 4.5V 62 41 ns [1] 
5.5V 62 41 ns [1] 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 4.5V 5TpC 5TpC [1] 
5.5V 5TpC 5TpC [1] 

6 TpTin Timer Input Period 4.5V BTpC BTpC [1] 
5.5V BTpC STpC [1] 

7 Tr Tin, Timer Input Rise 4.5V 100 100 ns [1] 
TITin and Fall Timer 

5.5V 100 100 ns [1] 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time 

II 5.5V 70 70 ns [1,2] 

9 TwlH Int. Request Input 4.5V 5TpC 5TpC [1] 
High Time 

5.5V 5TpC 5TpC [1,2] 

10 Twdt Watch-Dog Timer 4.5V 15 15 ms [1] 
Delay Time 

5.5V 10 10 ms [1] 

11 TPOR Power-On 4.5V 60 60 ms [1] 
Reset Timer 5.5V 45 45 ms [1] 

Notee: 
[1] Timing Reference uses 0.7 Vee for a logic 1and0.2 Vrx for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
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ZS CONTROL REGISTERS 

R242T1 

R243 PRE! 

4-30 

No Function 
Load TO 

0 Disable TO Count 
1 Enable TO Count 

0 No Function 
1 LoadT1 

0 Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retrtggerable) 
11 Trigger Input 

(Retrlggerable) 

Reseived (Must be O) 

Figure 24. Timer Mode Register 
(F1": Read/Write) 

T 1 Initial Value 
(When Written) 
(Range 1-256 Decimal 
01-00HEX) 
T 1 Current Value 
(When READ) 

Figure 25. Counter Timer 1 Register 
(F2": Read/Write) 

Count Mode 
O = T 1 Single Pass 
1 =T1 Modulo N 

Clock Source 
1 = T1 Internal 
O = T 1 External Timlng Input 
(TN) Mode 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 26. Prescaler 1 Register 
(F3H: Write Only) 

R244 TO 

R245 PREO 

R246P2M 

R247P3M 

Z86E041E08 CMOS ZS' fl.Brr 
OTP MICROCONTROLLER 

'.Q_ lnlllal Value 
{When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 
To Current Value 
(When READ) 

Figure 27. Counter/Timer 0 Register 
(F4": Read/Write) 

Count Mode 
o = T0 Single Pass 
1 =T0 Modulo-n 

Reserved (Must be o.) 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 

Figure 28. Prescaler 0 Register 
(F5": Write Only) 

P2 7 - P2o VO Definition 
O Defines Bit as OUTPUT 
1 Defines Bit as INPUT 

Figure 29. Port 2 Mode Register 
(F6H: Write Only) 

0 Port 2 Pull-Ups Open-Drain 
1 Port 2 Pull-UpsActlve 

Port 3 Inputs 
0 Digital 
1 Analog 

Reseived (Must be O.) 

Figure 30. Port 3 Mode Register 
(F7 ": Write Only) 



R248 P01M 

lmloolool~l 00 l~l~lool 

R249 IPR 

-r-

R250 IRO 

I L P03-P00 MOde 
00• Output 
01 =Input 

Reserved (Must be 1.) 
..._ _______ Reserved (Must be O.) 

Figure 31. Port O and 1 Mode Register 
(F8": Write Only) 

T l 
Interrupt Group Priority 

Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C>B•011 
B>C >A= 100 
C> B >A= 101 
B>A>C=110 
Reserved = 111 

IRQ1, IRQ4 Priority (Group C) 
0 • IRQ1 > IRQ4 
1 = IR04> IRQ1 

IRQO, IR02 Priority (Group B) 
0 = IR02 > IRQO 
1 = IROO > IRQ2 

IRQ3, IRQ5 Priority (GroupA) 
0 = IRQS > IRQ3 
1 = IRQ3 > IRQ5 

Reserved (Must be O.) 

Figure 32. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input.!. 
IRQ1 = P33 Input .!. 
IRQ2 = P31 Input.!. 
IR03 = P32 Input t 
IR04=T0 
IR05·T1 
Reserved (Must be O.) 

Figure 33. Interrupt Request Register 
(FA": Read/Write) 

Z86E04/E08 CMOS 'ZH' 8-Bll 
OTP MICROCONTROLLER 

R251 IMR 

lmloolool~l 00l~l~l 00 I 

I L...---1 -

1 Enables IROO-IRQ5 
(Do •IRQO) 

Reserved (Must be o.) 

1 Enables Interrupts 

R252 Flags 

R253RP 

Figure 34. Interrupt Mask Register 
(FB": Read/Write) 

User Flag F1 

User Flag F2 

Haff carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

carry Flag 

Figure 35. Flag Register 
(FC": Read/Write) 

lmloolool~l 00l~l~l 00 I 

11 - - Reserved (Must be O) 

Register Pointer 

R255SPL 

Figure 36. Register Pointer 
(FD": Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SP o) 

Figure 37. Stack Pointer 
(FF": Read/Write) 
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Z86E041E08 CMOS ZS' S·Brr 
OTP MK:ROCONTROLLER 

OPERATING MODES 

4-32 

Current 16 ---------------------
(mA) 

2 ..__...__...__ ...... _______ __._ ...... __ ...__..._ ........ 

2 3 4 5 6 7 8 9 10 11 12 

Frequency (MHz) 

Figure 38. Maximum Ice and •cc1 vs Frequency In Standard Mode 

Ice at 5.SV 



Z86E041E08 CMOS ZB' 8-BtT 
OTP MICROCONTROLLER 

Ice at 5.5V Current I ,.....-1 
(mA) V I 

100----t----+----+--+---+----+----+----+--+--~~~--~ 

9J---+---+---+~+---+--+----t~~../1~~~-+-~ y 
81----+---+---+------'t------+---+-.,,_-+---+--+---+---~ v 71---t-~+---+-~-J/7'--L+---+-~+----+--~+----+----1 

6 1----+---+----i.L,,.,_._~t-----+----+----+---+--+---+---=,. tee at 4.0V 

j/1 ~ 
51---t-V"'~+--+~+----+~-t---t~~~~~=-t----1f--1 

41-----+~-t-~+--+~-+--=-~L.----1o__---+-~+----+~-t----1 
~ 3 l---+---+---t ...... =-ir--+---+---+---+--f----+-----1 

~ 2 1---~--+---+-___,+----+---+---+---+--t------+-~ 

'--t:i'.:'.'.'.~=~~=~~~~~;~;:;:~=~~ lcc1 at5.5V t lcc1 at 4.0V 

0 ..... ~--~--~.....i.~....o--~---~--~--~--~~--~---__. 
1 2 3 4 5 6 7 8 9 10 11 12 

Frequency (MHz) 

Figure 39. Typical •cc and •cc1 vs Frequency in Standard Mode 
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't'ZH.J:E 
OPERATING MODES (Continued) 

4-34 

Current 8 .,.__..,.... _________ _ 

(mA) I .,,....-1 Ice at s.sv 

1 1---t---+--t---+::..,,,..""""'~,.......----1 I 
I _A' 

61----+---+--.,..;tF-l.-""'"--+ 1---+--I 

51---t.~.,,,,,,'-+~--+--l----+----I 
4~ lccat4.0V 

1;;;;;;;;---1---+-+--;---r--i lcc1 at 5.5V 
L--4---+--+--+--t-11cc1 at4.0V o.__...__..._ __ ...... __ ......, _____ _.~ 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequency (MHz) 

Figure 40. Typical Ice and Ice, vs Frequency in Low EMI Mode 

Current 11 ----------r----"!'"----r----. I ~ Ice at 5.SV 
(mA) 10 _,.........-

1---+---+----!--±-~'-l---I 

-9 J---+--~--1-----+~--+--f-----I 
8 t-I-/1-71~~--t-----t---+---+--::oot Ice at4.0V 

7~ ~ 
61--+--------.1~........-1-+v--~---1---1-----1 

:~ 
3 t----+---+---t--+------1 

2 t----+---+---t--+------1 
lcc1 ats.sv 

b=J:=J==~~==f:==t:~9 tcc1 at4.0V 
0 .__..._ __ ...... __________ _ 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequency (MHz) 

Figure 41. Maximum Ice and icC1 vs Frequency in Low EMI Mode 

Z86E041E08 CMOS Z8' 8-Brr 
OTP MlcRocoHTRoUSI 



75 t----+----J---t----+--+---+----t--=--1 4.0V 
_-i--

70 l----+----l---+---+--+--=~~=----1 l_----f _...-v-
65 l----+----l---+--::::;;oo-i"~-+---+----1-----f 

--1----r 
60 1---=...+-""'--~-t-1--t--+---+--t--t_...--t 4.5V 

~ -~ 55 1----+-----l--+---=-+--==-+---+-----l---f 
~ _.1---1 s.ov 

50 

S.5V 

Z86E04/E08 CMOS Z8' 8-BIT 
OTP MICROCONTROLLER 

Temp 

25°C 75°C 

Figure 42. Typical POR Time Out Period vs Temperature 

Time 34 .--~-.-~--.~~..-~ ...... ~~...-~-.-~--.~---r 

32 
(ms) 

l----+---+--+---+--+---+---+-=-""'.......-1-t 4.0V 

~ 30 I----+---+--+---+--+--"""'"'"---+---+ 

~ 28 1----+---+--+---+7""'~+---+---+---I __v-r 
26 I----+--=--+""""'--'--+-1 --+--+---t---±,.....""---!=--t 4.5V 

24~~~~i--~-+~-t-~-t----::~---:::_+~~-+~; 
__...+--1 

22 t--+~---lt-"l:=-"f"=--t---t------+I-~-i--t-::::::-t 5.0V 

20~ r-- I 

J----
18 b....-l-=~==~=f--~_j6~1----':::::::::::::t S.5V - ~ 
16t:=t==t===~=-~----'-rl~-r-~r--~ Temp 
14 ~.-~ ..... ---~ ....... ~---~~ ...... ~---~-----~_._~ ...... 

-5°C 2s0 c 75°C 

Figure 43. Typical WDT Time Out Period vs Temperature 
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~2H . .!l6 
INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRA 

Ir 
x 
DA 
RA 
IM 
R 
r 
IA 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working register address only 
Indirect-register or indirect working
register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

4-36 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack pointer 
Program counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86E04/E08 CMOS ZS' S·BIT 
OTP MICROCONTROLLER 

Flags. Control register (R252) contains the following six 
flags. 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 



lt'2il.06 
CONDITION CODES 

Value Mnemonic 

1000 
0111 c 
1111 NC 
0110 z 
1110 NZ 

1101 PL 
0101 Ml 
0100 ov 
1100 NOV 
0110 EQ 

1110 NE 
1001 GE 
0001 LT 
1010 GT 
0010 LE 

1111 UGE 
0111 ULT 
1011 UGT 
0011 ULE 
0000 F 

Meaning 

Always true 
Carry 
No Carry 
Zero 
Not zero 

Plus 
Minus 
Overflow 
No overflow 
Equal 

Not equal 
Greater than or equal 
Less than 
Greater than 
Less than or equal 

Unsigned greater than or equal 
Unsigned less than 
Unsigned greater than 
Unsigned less than or equal 
Never true (Always False) 

Z86E041E08 CMOS zr 8-Brr 
OTP MlcROCONTROUER 

Flags Set 

C=1 
C=O 
Z=1 
Z=O 

S=O 
S=1 
V=1 
V=O 
Z=1 

Z=O 
(SXORV)=O 
(SXORV)=1 
[Z OR (S XOR V)]=O 
[Z OR (S XOR V)]=1 

C=O 
C=1 
(C = 0 AND Z=0)=1 
(C OR Z)=1 
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INSTRUCTION FORMATS 

OPC 

dsl OPC 

CCF, DI, El, IRET, NOP, 
ACF, RET, SCF 

INCr 

Z86E04/E08 CMOS zst a.err 
OTP MlcRocoNTRoLlER 

One-Byte Instructions 

OPC I MODE CLR, CPL, DA, DEC, 

dsVsrc a1!1110 I dsVsrcl 
DECW, INC, INCW, 
POP, PUSH, AL, RLC, 
RR, ARC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dst a1l 1110 I dsl 

OPC SAP 

VALUE 

OPC I MODE ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 

dst src TM, XOR 

MOOE OPC LO, LOE, LDEI, 

dsl/src src/dsl 
LDC,LDCI 

dsl/src OPC lD 

srcldst a1!111ol src 

dsl I OPC lD 

VALUE 

dsl/CC I OPC DJNZ,JR 

RA 

FFH STOP/HALT 

6FH I 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
'+-'.For example: 

dst +- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 
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src 

dsl 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

OPC l MODE ---..--.. ADC,AOD,AND,CP, 

... ___ ds1 __ -t al I 1 1 1 0 I dst LO, OR, SBC, SUB, 
• • TCM,TM,XOR 

VALUE 

~ ~ _1_1 _1 o __ src--1 

~ ...... 1110 dsl 

lD 

MODE l OPC 

dsVsrc l x 

ADDRESS 

cc l OPC 

DAU 

DAL 

lD 

JP 

CALL 

Three-Byte Instructions 

notation 'addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst(7) 

refers to bit 7 of the destination operand. 



~2iUl6 Z86E04/E08 CMOS 'II &-Bir 
OTP MlcRocoNTRoLLER 

INSTRUCTION SUMMARY 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) CZSVDH and Operation dst src (Hex) CZSVDH 

ADCdst,src t 1( l ****o* INCdst rE - * * * - -
dsl+-dst + src +C dsl+-dsl+ 1 r=O-F 

R 20 
ADDdst, src t 0( l ****o* IR 21 
dsl+-dst + src 

INCWdst RR AO - * * * - -ANDdst, src t 51 I - * * 0 dsl+-dsl + 1 IR A1 
dSl+-dsl AND src 

IRET BF ****** CAUdst DA 06 - - - - FLAGS+-@SP; 
SP+-SP-2 IRR 04 SP+-SP+ 1 
@SP+-PC, PC+-@SP; 
PC+-dst SP+.-SP+2; 
CCF EF * - - - - - IMR(7)+-1 
C+-NOTC JP cc, dst DA co - - - - - -
CLRdst R BO if cc is true, C=O-F 
dsl+-0 JR B1 PC+-dst IRR 30 

COMdst R 60 - * * 0 JR cc, dst RA CB - - - - - -
dsl+-NOT dst JR 61 if cc is true, C=O-F 

PC+-PC+dst 
CP dst, src t Al I ****-- Range: +127, -128 
dst-src 

LO dst, src Im rC - - - - - -

II DAdst R 40 ***X-- dst+-src r R r8 
dsl+-DA dst JR 41 R r r9 

r=O-F 
DECdst R 00 - * * * - - r x C7 
dst+-dst-1 JR 01 x r 07 
DECWdst RR 80 - * * * - - r Ir E3 
dsl+-dst-1 JR 81 Ir r F3 

R R E4 
DI BF R JR E5 
IMR(7)+-0 R JM E6 

DJNZr, dst RA rA JR JM E7 - - - - - - JR R F5 r+-r-1 r=O-F 
if r .t O LDC dst, src Irr C2 
PC+-PC +dsl dst+-src 
Range: +127, -128 

LOCI dst, src Ir Irr C3 
El 9F - - - - - - dst+-src 
IMR(7)+-1 r+-r+ 1; 

rr+-rr+1 HALT 7F - - - - - -
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~2iUl6 Z86E041E08 CMOS ZS' B·BIT 
OTP MICROCONTROLLER 

INSTRUCTION SUMMARY (Continued) 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) CZSVDH and Operation dst src (Hex) CZSVDH 

NOP FF STOP 6F 

OR dst, src t 4[ l - * * 0 SUB dst.src t 2( l * * * * * dSlf-dSI OR src dstf-dst-src 

POPdst R 50 - - - - - - SWAPdst R FO x * * x 
dSlf-@SP; IR 51 1125 IR F1 

SPf-SP+ 1 a I 

PUSH src R 70 - - - - - -
SPf-SP-1; IR 71 TCM dst, src t 6( l - * * 0 - -
@SPf-Src (NOT dst) 

ANDsrc 
RCF CF 0 - - - - -
Cf--0 TMdst,src t 7( l - * * 0 - -

dstAND src 
RET AF - - - - - -
PCf-@SP; WDH 4F 
SPf-SP +2 

WOT SF - x x x 
RL dst R 90 ****--
~ IR 91 XOR dst, src t B[ l - * * 0 

dStf-dSI XOR src 

RLC dst R 10 ****-- t These instructions have an identical set of addressing modes, which 

Lfu={Ejj:J IR 11 are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

RR dst R EO ****-- applicable addressing mode pair. 

L:ttJ L:[Ej}J IR E1 For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

RRC dst R co ****--
l..fil..E:!lJ IR C1 Address Mode Lower 

dst src Opcode Nibble 

SBC dst, src t 3( l * * * * 1 * [2] 
dst~dst_src_C 

SCF DF 
Ir [3] 

Cf--1 R R [4] 

SRAdst R DO * * * 0 

~ 
IR 01 R IR [5] 

R IM [6] 

SRPdst Im 31 - - - - - - IR IM [7] 
RPf-src 
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OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADD ADD 

R1 IR1 r1,r2 r1, lr2 R2,R1 

6.5 6.5 6.5 6.5 10.5 
RLC RLC ADC ADC ADC 
R1 IR1 r1,r2 r1, lr2 R2,R1 

6.5 6.5 6.5 6.5 10.5 
2 INC INC SUB SUB SUB 

R1 IR1 r1,r2 r1, lr2 R2,R1 

8.0 6.1 6.5 6.5 10.5 
3 JP SRP SBC SBC SBC 

IRR1 IM r1,r2 r1, tr2 R2, R1 

8.5 8.5 6.5 6.5 10.5 
4 IM IM OR OR OR 

R1 IR1 r1,r2 r1, lr2 R2.R1 

10.5 10.5 6.5 6.5 10.5 
5 POP POP AND AND AND 

R1 IR1 r1,r2 r1, lr2 R2.R1 

6.5 6.5 6.5 6.5 10.5 
6 COM COM TCM TCM TCM 

R1 IR1 r1, r2 r1, lr2 R2,R1 

10/12.1 12/14.1 6.5 6.5 10.5 
PUSH PUSH 1M 1M 1M 

R2 IR2 r1, r2 r1, lr2 R2.R1 

10.5 10.5 
DECW DECW 

RR1 IR1 
6.5 6.5 
IL IL 
R1 IR1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 
RR1 IR1 r1, r2 r1, lr2 R2,R1 

6.5 6.5 6.5 6.5 10.5 
B CLR CLR XOR XOR XOR 

R1 IR1 r1,r2 r1, lr2 R2,R1 

6.5 6.5 12.0 18.0 
c ARC ARC LDC LDC! 

R1 IR1 r1, lrr2 lr1, lrr2 

6.5 6.5 20.0 
D SRA SRA CALL* 

R1 IR1 IRR1 

6.5 6.5 6.5 10.5 
E RR RR LD LD 

R1 IR1 r1, IR2 R2,R1 

8.5 8.5 6.5 
F SWAP SWAP LD 

R1 IR1 lr1, r2 
>;;: ...... ...... 

2 

Execu11on 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD IJ) IJ) 

R2,R1 R1, IM IR1,IM r1,R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

R2,R1 R1, IM IR1,IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2,R1 R1, IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
OR OR OR 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
AND AND AND 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
1M 1M 1M 

IR2,R1 R1,IM IR1,IM 

10.5 10.5 10.5 
CP CP CP 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
XOR XOR XOR 
R2,R1 R1,IM IR1,IM 

10.5 
IJ) 

r1,x,R2 

20.0 10.5 
CALL IJ) 

DA r2,x,R1 

10.5 10.5 10.5 
LD IJ) LD 

IR2, R1 R1,IM IR1,IM 
10.5 
LD ~ , 

R2, IR1 
:.ii: ....... 

3 

Bytae per lnetructlon 

Mnemonic 

Second 
Operand 

Z86E041E08 CMOS '1J' I-Bir 
OTP r.tcRocoNTRolilR 

A B c D 

~2/10.5 ~2/10.0 6.5 12.10.0 
DJNZ JR IJ) JP 
r1,RA cc.RA r1,IM cc.DA 

, ~ , , 
:.ii: :....: ....... 

2 

Legend: 
R = 8-blt address 
r = 4-bit address 
R 1 or r 1 = Ost address 
R2or r2= Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

...... 
3 

Note: Blank areas not defined. 

• 2-byte instruction appears as a 
3-byte instruction 

E F 

6.5 
INC 

r1 
I--

I--

t--

~ 
WDH 

'"s:o 
WDT 

7-
STOP 

t-;:o 
HALT 

i--rr-
ti 

t-a:1 
El 

~ 
RET 

~ 
IRET 

ts.5 
RCF 

i-e.s 
SCF 

ts.5 
CCF 

~ 
~ NOP 

J ....... 
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Z86E041E08 CMOS 'zae 8-BIT 
OTP MICROCOHTROLLER 

PACKAGE INFORMATION 

SYHIDL MILLIMETER INCH 
HIN MAX MIN MAX 

Al 0.51 0.81 .020 .032 
El A2 3.2S 3.43 .128 l35 

8 0.38 0.53 .ens .021 
Bl 1.14 1.65 .045 .065 
c 0.23 0.38 .009 .015 

t------ D -----! D 22.35 23.37 .880 ,'J<!O 
E 7.62 8.13 .300 ,320 
El 6.22 6.48 .245 .255 
II 2.54 TYP .100 TYP 
eA 7.87 8.89 .310 .350 
L 3.18 3.81 .12!1 .150 
Qt 1.52 1.65 .060 .065 
$ IJ.89 1.65 .035 .065 

Mil'~~ Al 

s Iii • 

CONTROLLING DIHENSIDNS 1 INCH 

18-Pln DIP Package Diagram 

r--------D-------.... 

t ] H 

MILLIMETER INCH 
SYlll!L HIN MAX lllN MAX 

A MO 2.6!5 Al94 .!04 

Al OJO Q.30 .004 .012 

112. 2.24 e.44 .oes .Q96 

• 11.36 0.46 .014 .018 

c on 0.30 .G09 .011! 

D 11.40 11.75 .449 .463 

E 7.40 7.60 .291 .299 

CDITRll.LINCi DIMENSIONS • 191 • 1.27 TYP .Q!50 TYP 
LEADS ME Cll'l.ANM VITHIN .DIM INCH. H lo.DO 10.65 .394 .419 

h D.30 0.40 .Oii! .016 

L D.60 1.00 .Q24 .039 
Qt 0.97 l.G7 .o38 .041! 

18·Pln SOIC Package Diagram 
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ORDERING INFORMATION 

Z86E04 (8 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86E0408PSC Z86E0408SSC 

Z86E08 (12 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86E0812PSC Z86E0812SSC 

Z86E04/E08 CMOS zae S·BIT 
OTP MICROCONTROLLERS 

For fast results, contact your local Zilog sales office for assistance in ordering the part(s) desired. 

CODES 

Preferred Package 
P = Plastic DIP 

Longer Lead Time 
S = SOIC 

Preferred Temperature 
s = 0°c to +70°C 

Speeds 
08 ~ 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86E04 08 P S C 

~ 
is a Z86E04, 8 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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Z86C07 CMOS zae II 
B·Bit Microcontrollar 





~2iUd:t 

FEATURES 

• Low Cost, S-Bit CMOS MCU 

• 2 Kbytes of ROM 

• 124 Bytes of RAM 

• 1 S-Pin Package (DIP, SOIC) 

• 3.0 to 5.5 Volt Operating Range 

• Low Power Consumption: 50 mW (typical) 

• Low Voltage Protection 

• ROM Protection 

• Fast Instruction Pointer: 1 µs @ 12 MHz 

• Two Standby Modes: STOP and HALT 

• Two Programmable S-Bit Counter/Timers 
Each with a 6-Bit Programmable Prescaler. 

GENERAL DESCRIPTION 

The ZS6C07 Microcontroller Unit (MCU) is a member of the 
ZS® single-chip microcontroller family with 2 Kbytes of 
ROM and 124 bytes of general- purpose RAM. Offered in 
an 1 S-pin (DIP, SOIC) package style and manufactured in 
CMOS technology, Zilog's low cost, low power consump
tion ZS6C07 offers all the outstanding features of the ZS 
family architecture, including easy software/hardware sys
tem expansion. 

For applications demanding powerful 1/0 capabilities, the 
ZS6C07 provides 14 pins dedicated to input and output. 
These lines are grouped into three ports, and are config-

PRODUCT SPECIFICATION 

Z86C07 
CMOS Z8® 8-BIT 
MICROCONTROLLER 

• 14 Input/Output Lines 

• Three Digital Inputs at CMOS Levels 

• Eleven Digital Inputs at CMOS Levels; 
Schmitt-Triggered 

• Extended Operating Range: --40°C to + 105°C 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Clock Speeds: Sand 12 MHz 

• On-Board Power-On Reset Circuit 

• Permanently Enabled Watch-Dog Timer 

• Two Comparators with Programmable Interrupt Polarity. 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, or External Clock Drive. 

urable under software control to provide 1/0, timing, and 
status signals. The ZS6C07 also features two on-board 
comparators that can process analog signals with a com
mon reference voltage. There are two basic address 
spaces available to support this configuration: Program 
Memory, and 124 bytes of general-purpose registers. 

The ZS6C07 is characterized by a flexible 1/0 scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many con
sumer and industrial applications. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C07 CMOS D' 
a.err MICROCONlROLLER 

To unburden the system from coping with real-time tasks, 
such as counting/timing and 1/0 data communications, the 
Z86C07 offers two on-chip counter/timers with a large 
number of user selectable modes (Figure 1 ). 

All Signals with a preceding front slash, ·r. are active Low, e.g.: 
BIN' (WORD is active Low); /SN' (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

With powerful peripheral features, such as on-board com
parators, counter/timer(s) and permanently enabled Watch
Dog Timer (WDT), the Z86C07 meets the needs of a variety 
of sophisticated controller applications. 

Input Vee 

Connection 

GND 

Power 
Ground 

Circuit 

XTAL 

Port3 
Machine 

.---------. .-------....,,.Timing & Inst. 
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Counter/ 
Timers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

VO 
(Bit Programmable) 

ALU 

FLAG 

Register 
Pointer 

Register File 
144 x 8-Bit 

VO 

Figure 1. Z86C07 Functional Block Diagram 

Control 

Device 



't'ZILm Z86C07 CMOS ZS' 
8-EllT MlcRoCoNTROLLER 

PIN DESCRIPTION 

Table 1. 18-Pln DIP and SOIC Pin ldentHlcatlon 
P24 18 P23 

Pin# Symbol Function Direction 
P25 2 17 P22 

1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 
P26 3 16 P21 5 Vee Power Supply 

P27 4 15 P20 6 XTAL2 Crystal Oscillator Clock Input 
Z86C07 7 XTAL1 Crystal Oscillator Clock Output 

vcc 5 DIP 14 GND 8 P31 Port 3, Pin 1, AN1 Input 

XTAL2 6 13 P02 9 P32 Port 3, Pin 2, AN2 Input 
XTAL1 7 12 P01 10 P33 Port 3, Pin 3, REF Input 

11-13 POO-P02 Port 0, Pins O, 1, 2 In/Output 
P31 8 11 POO 14 GND Ground 
P32 9 10 P33 15-18 P20-P23 Port 2, Pins 0, 1 ,2, 3 In/Output 

Figure 2. 18-Pln DIP Pin Configuration 

P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 

P27 4 15 P20 

Vee 5 Z86C07 14 GND SOIC 
XTAL2 6 13 P02 

XTAL1 7 12 P01 

P31 8 11 POO 

P32 9 10 P33 

Figure 3. 18-Pln SOIC Pin Configuration 
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PIN FUNCTIONS 

XT AL 1, XT AL2 Crystal In, Crystal Out (time-based input 
and output, respectively). These pins connect a parallel
resonant crystal, LC, or an external single-phase clock ( 12 
MHz max) to the on-chip clock oscillator and buffer. 

MCU 

OEN 

Out 

Z86C07 CMOS Z8' 
Hrr MICROCOHTROLWI 

Port O (P02-POO). Port O is a 3-bit 1/0, nibble program
mable, bidirectional, CMOS compatible 1/0 port. These 
three 1/0 lines can be configured under software control to 
be inputs or outputs (Figure 4). Inputs are Schmitt-trig
gered. 

Port 0 (1/0) 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

In 

Figure 4. Port O Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit 1/0, bit programmable, 
bidirectional, CMOS compatible 1/0 port. These eight 1/0 
lines can be configured under software control to be inputs 

O en Drain 

OEN 

Out 

Z86C07 CMOS n' 
8·BIT MICROCONTROLLER 

or outputs, independently. Bits programmed as outputs 
may be globally programmed as either push-pull or open
drain (Figure 5). Inputs are Schmitt-triggered. 

Port 2 (1/0) 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

In 

Figure 5. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port 3 (P33-P31 ). Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P33-P31) lines. These three inpµt 
lines can be configured under software control as digital 

MCU 

R247 =P3M 

PAD 
P31 (AN1) 

PAD 
P32 (AN2) 

P33(REF) 
PAD 

vccf----

Z86C07 CMOS ZS' 
8-Brr MICROCONTROLLfR 

inputs or analog inputs. These three input lines can also be 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T,N) (Figure 6). 

1 =Analog 
O=Dlgltal 

Port 3 

P31 
Data Latch 
IRQ, Tin 

IRQ3 
P32 
Data Latch 
IRQO 

P33 
Data Latch 
IRQ1 

IRQ 0, 1,2 = Falling Edge Detection 
IRQ 3 = Rising Edge Detection 

Figure 6. Port 3 Configuration 

Comparator Inputs. Two analog comparators are added 
to Port 3 inputs for interface flexibility. 

Typical applications for the on-board comparators are: 
Zero crossing detection, ND conversion, voltage scaling, 
and threshold detection. 

The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 
Mode. The common voltage range is 0-4V; the power 

5-6 

supply and common mode rejection ratios are 90 dB and 
60 dB, respectively. 

Interrupts are generated on either edge of Comparator 2's 
output, or on the falling edge of Comparator 1 's output. 
The comparator output may be used for interrupt genera
tion, Port 3 data inputs, or T,N through P31. Alternatively, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 



FUNCTIONAL DESCRIPTION 

Reset. Upon power-up the Power-On Reset circuit waits 
for TPOR' plus 18 clock cycles, and then starts program 

INTOSC 

Delay Line 
TPOR 

Z86C07 CMOS zat 
8-Brr MICROCONTROLLER 

execution at address %000C (HEX) (Figure 7). Reference 
the Z86C07 control registers' Reset value (Table 2). 

XTALOSC 

1BCLK 
Reset Filter 

Chip 
Reset 

Figure 7. Internal Reset Configuration 

Table 2. Z86C07 Control Registers 

Reset Condition 
Addr. Rag. 07 06 05 04 03 02 01 DO Comm ants 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 

F6* P2M Inputs alter 
reset 

F7* P3M u u u u u u 0 0 
FB* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3is 

used for 
positive 
edge detec-
lion 

PB IMR 0 u u u u u u u 
PC FLAGS U u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 

FE SPH u u u u u u u u Not used, 
stack 
always 
internal 

FF SPL u u u u u u u u 
Note: 
• Registers are not reset after a STOP-Mode Recovery using P27 pin. 

A subsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid bus contention on the port 
pins or ii may affect device reliability. 

Program Memory. The Z86C07 can address up to 
2 Kbytes of internal program memory (Figure 8). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. Bytes 0-2048 
are on-chip mask-programmed ROM. 

204 8 

On-Chip 
ROM 

Location of 
First Byte of 

Instruction 
Executed 

After RESET ~ - - - - - - - - - - - -
t'to... 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

11 

10 

9 

8 

7 

6 

5 

5-
3 

2 

1 

0 

IR05 

IRQ5 

IRQ4 

IR04 

IR03 

IRQ3 

t'to... IRQ2 

~ IRQ2 

IR01 

IR01 

IROO 

IRQO 

Figure 8. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

Register Fiie. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 15 control 
and status registers (R3-RO, R127-R4 and R255·R241, 
respectively - Figure 9). The Z86C07 instructions can 
access registers directly or indirectly through an 8-bit 
address field. This allows short, 4-bit register addressing 
using the Register Pointer. In the 4-bit mode, the register 
file is divided into eight working register groups, each 
occupying 16 continuous locations. The Register Pointer 

Location 

5-8 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

240 

128 
127 

4 

3 

2 

0 

Stack Pointer (Bits 7-0) 

General Purpose Register 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3Mode 

Port2 Mode 

TI> Prescaler 

llmer/Counter o 

T1 Prescaler 

llmer/Counter 1 

llmerMode 

Not Implemented 

General Purpose 
Registers 

Port3 

Port2 

Reserved 

Porto 

Figure 9. Register File 

lndentlflers 

SPL 

RP 

Flags 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

Z86C07 CMOS 'Z8' 
8·BIT MICROCONTROLLER 

(Figure 10) addresses the starting location of the active 
working-register group. 

General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. Note: 
Register R254 has been designated as a general-purpose 
register. 

r7 r6 r5 r4 r3 r2 r1 ro R253 ____ ....,...._ ____ (Register Pointer) 

The upper nibble of the register file address 
provided by the register pointer specfflee 
the active working-register group. 

--____/ FFOF I I } 
\ ._. ---------_. R15toRO 

7F 

70 
8F 

80 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group ~ 

The lower nibble 
of the register 
Ille address 
provided by the 
Instruction points 
to the specified 
register. 

Register Group 1 

Regiater Group O 

~-----------------Ito Ports 

~ R15toRO 

R15toR4 

R3to RO 

Figure 10. Register Pointer 



Stack Pointer. The Z86C07 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 

Counter!Tlmer. There are two 8-bit programmable counter/ 
timers (TO and T1). each driven by its own 6-bit program
mable prescaler. The T1 prescaler can be driven by 
internal or external clock sources, however the TO can be 
driven by the internal clock source only (Figure 11). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
( 1 to 256) that has been loaded into the counter. When both 
counter and prescaler reach the end of count, a timer 
interrupt request IRQ4 (TO) or IRQS (T1) is generated. 

Clock 
Logic 

Internal 
Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial \lalue 

Register 

6-Blt 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial \lalue 

Register 

* Note: Dlvide·by-two Is not used In Low EMI Mode. 

Z86C07 CMOS ZB' 
8·BIT MICROCONTROLLER 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P30) as an external 
clock, a trigger inputthat is retriggerable or not retriggerable, 
or as a gate input for the internal clock. 

Internal Data Bus 

Write 

TO 
Initial \lalue 

Register 

Read 

TO 
Current \lalue 

Register 

8-Bit 
Down 

Counter ------1- IRQ4 
..._ ___ _ 

Write 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Raad 

T1 
Current\lalue 

Register 

IRQ5 

Figure 11. Counter!Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C07 has six interrupts from six different 
sources. These interrupts are maskable and prioritized 
(Figure 12). The six sources are divided as follows: the 
falling edge of P31 (AN1 ), P32 (AN2), P33 (REF), the rising 
edge of P32 (AN2), and the two counter/timers. The Inter
rupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 3). 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. All Z86C07 inter
rupts are vectored through locations in program memory. 
When an interrupt machine cycle is activated, an interrupt 
request is granted. This disables all subsequent inter
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

Z86C07 CMOS ZS' 
8-BIT MICROCONTROLl.ER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 

Note: User must select any Z86C08 mode In Zllog's 
C121CEBOX-emu/ator. Ther/singedgelnterruptis not 
supported on the ZB6CCPOOZEM emulator. 

Table 3. Interrupt Types, Sources, and Vectors 

Name Source Vector Location Comments 

IRQO 
IRQ1 
IRQ2 
IRQ3 
IRQ4 
IRQS 

Notes: 

AN2(P32) 
REF(P33) 
AN1(P31) 
AN2(P32) 
TO 
T1 

F = Falling edge triggered 
R = Rising edge triggered 

0,1 
2,3 
4,5 
6,7 
8,9 

10, 11 

External (F)Edge 
External (F)Edge 
External (F)Edge 
External (R)Edge 
Internal 
Internal 

IRQO-IRQS 
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Interrupt 
Request 

Global 
Interrupt 
Enable 

IPR 

PRIORITY 
LOGIC 

Vector Select 

Figure 12. Interrupt Block Diagram 
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Clock. The Z86C07 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
()CTAL 1 =Input, XTAL2= Output). The crystal should beAT 
cut, 12 MHz max, with a series resistance (RS) less than or 
equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XTAL2 
using the vendor's crystal recommended capacitors from 
each pin directly to device ground pin 14 (Figure 13). 

Note thatthe crystal capacitor loads should be connected 
to V88, pin 14 to reduce Ground noise injection. 

HALT Mode. This instruction turns off the internal CPU 
clock, but not the crystal oscillation. The counter/timers 
and external interrupts IRQO, IRQ1, IRQ2, and IRQ3 re
main active. The device can be recovered by interrupts, 
either externally or internally generated. The program 
execution begins at location OOOC (HEX). An interrupt 
request must be executed (enabled) to exit HALT mode. 
After the interrupt service routine, the program continues 
from the instruction after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to less than 10 µA. The STOP Mode can be 
released by two methods. The first method is a RESET of 
the device by removing V cc· The second method is if P27 
is configured as an input line when the device executes the 
STOP instruction. A low input level on P27 releases the 
STOP Mode. 

Program execution under both conditions begins at loca
tion OOOC (HEX). However, when P27 is used to release the 
STOP Mode, the 1/0 port mode registers are not 
reconfigured to their default power-on conditions. This 

XTAL1 
C1I 

Ill 
C1I 

-= ':" 

XTAL2 
C2I C2I 

-= ':" 

Ceramic LC Clock 
Resonator 
or Crystal 

Z86C07 CMOS ZS' 
8-BIT MlcRocONTROLLER 

prevents any 1/0, configured as output when the STOP 
instruction was executed, from glitching to an unknown 
state. 

To use the P27 release approach with STOP Mode, use the 
following instruction: 

LO P2M,#1XXXXXXXB 
NOP 
STOP 
X = depends on user's application 

In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP (opcode= FFH) immediately before the appropriate 
SLEEP instruction. i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

Watch-Dog Timer (WOT). The Watch-Dog Timer is per
manently enabled. The WOT should be refreshed at least 
every Twdt; otherwise, the Z86C07 resets itself. 

WOT = SF (HEX). 

Opcode WDT (SFH). Execution of this command clears 
the WOT counter. This has to be done at least every Twdt. 
Otherwise, the WOT times out and generates a Reset. The 
generated Reset is the same as a Power-On Reset of T POR' 

plus 18 XTAL clock cycles. The WOT instruction affects the 
Flags accordingly: Z = 1, S = 0, V = 0. 

XTAL1 XTAL1 

L 

XTAL2 XTAL2 

External Clock 

Figure 13. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

ROM Protect. ROM Protect fully protects the Z86C07 
ROM code from being read internally. When ROM Protect 
Is selected, the Z86C07 will disable the Instructions 
LDC and LOCI (Z86C04/C08 and Z86E041E08 do not 
support the Instructions of LDE and LDEI) In all modes. 
ROM look-up tables cannot be used In this mode. 

Low Voltage Protection (VLV). The Low Voltage. trip 
voltage (V Lv> is less than 3 volts and above 1.4 volts under 
the following conditions: 

Maximum (VLv> Conditions: 

Case 1: TA= -40°C, +105°C, Internal Clock Frequency 
equal or less than 1 MHz 

Case 2: TA= -40°C, +85°C, Internal Clock Frequency 
equal or less than 2 MHz 

Note: The internal clock frequency is one-half the external 
clock frequency. 

Vee 2.80 
(Volts) 

2.60 

2.40 

2.20 

"-.. 
!" 
~ .......,, 

~ 

Z86C07 CMOS Z8' 
8-BIT MlcRocONTROUER 

The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Low Voltage Protection trip point (V Lv> is reached. The 
device is guaranteed to function normally at supply volt
ages above the low voltage trip point for the temperatures 
and operating frequencies in Case 1 and Case 2 above. 
The actual low voltage trip point is a function of tempera
ture and process parameters (Figure 14). 

2 MHz (Typical} 

Temp 
VLV 

-40°C 
2.55 

0°C 
2.4 

+25°c +70°c +105°c 
2.1 1.7 1.6 

2.00 

~ 
~ 

V LV ('fyplcal) 

1.80 

1.60 K 
~ 
~ 1.40 

-60 -40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Power-On Reset threshold for V cc and 4 MHz VLv overlap 

Figure 14. Typical Z86C07 VLY vs Temperature 
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ABSOLUTE MAXIMUM RATINGS 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V ss (Note 1) 
Voltage on V00 Pin with Respect to Vss 
Voltage on Pin 7 with Respect to Vss (Note 2) 
Total Power Dissipation 
Maximum Current out of Vss 
Maximum Current into V00 

Maximum Current into an Input Pin (Note 3) 
Maximum Current into an Open-Drain Pin (Note 4) 
Maximum Output Current Sinked by any 1/0 Pin 
Maximum Output Current Sourced by any 1/0 Pin 
Total Maximum Output Current Sinked by Port 2 
Total Maximum Output Current Sourced by Port 2 

Notice: 
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 those or any other conditions above those indicated in 
the operation listings of this specification is not implied. 
Exposure to maximum rating conditions for extended 
periods may affect device reliability. Total power dissipa
tion should not exceed 616 mW for the package. Power 
dissipation is calculated as follows: 

Min Max 

-40 +105 
-65 +150 
-0.6 +12 
-0.3 +7 
-0.6 voo+1 

462 
85 
85 

±600 
±600 

12 
12 
70 
70 

Notes: 

Z86C07 CMOS ZS' 
8·BIT MICROCONTROLLER 

Units 

oc 
oc 
v 
v 
v 

mW 
mA 
mA 
µA 
µA 
mA 
mA 
mA 
mA 

[1] This applies to all pins except where noted. 
Maximum current into pin must be ±600 µA. 

[2] There is no input protection diode from pin to V DD" 
[3] This excludes Pin 7 and Pin 8. 
[4] Device pin is not at an output Low state. 

Total Power Dissipation= V0D x [100 -(sum of 10H)] +sum of [(VD0-V0 H) x 10 H] +sum of (V0 L x 10 L) 
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STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 15). 

CAPACITANCE 

Z86C07 CMOS ZS' 
S·BIT MICROCONTROLLER 

From Output o------• 
Under Test 

I 150pF 

Figure 15. Test Load Diagram 

TA= 25°C, Vee= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

V cc SPECIFICATION 
V cc = 3.0V to 5.0V 
Typicals are at 3.3V and 5.0V. 

5·14 

Min 

0 
0 
0 

Max 

10 pF 
20 pF 
25 pF 



<t'2iUJ6 Z86C07 CMOS ZS' 
B·BIT MICROCONTROLL.ER 

DC ELECTRICAL CHARACTERISTICS 

TA= 0°c to +70°C Ta •-40°C to +105°C Typical 
Sym Parameter vccl41 Min Max Min Max @25°C Units Conditions 

VeH Clock Input High 3.0V 0.8 Vee vee+0.3 0.8 Vee Vcc+0.3 1.7 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee vce+0.3 0.8 Vee vee+0.3 2.75 v Driven by External 
Clock Generator 

veL Clock Input Low 3.0V vss--0.3 0.2 Vee V55--0.3 0.2 Vee 0.8 v Driven by External 
Voltage Clock Generator 

5.5V V55--0.3 0.2 Vee vss--0.3 0.2 Vee 1.5 v Driven by External 
Clock Generator 

VIH Input High Voltage 3.0V 0.7 Vee vee+0.3 0.7 Vee vee+0.3 1.8 v 
5.5V 0.7 Vee vee+0.3 0.7Vee vee+0.3 2.8 v 

v,l Input Low Voltage 3.0V V55--0.3 0.2 Vee V55--0.3 0.2 Vee 0.8 v 
5.5V V55--0.3 0.2 Vee V55--0.3 0.2 Vee 1.5 v 

VOH Output High Voltage 3.0V Vce--0.4 V cc--0.4 2.7 v l0H = -2.0 mA (5] 
5.5V vee--0.4 vee--0.4 5.5 v IOH = -2.0 mA [5] 
3.0V vee--0.4 V ce--0.4 v Low Noise @ 0.5 mA 
5.5V vee--0.4 vcc--0.4 v Low Noise@ 0.5 ~ 

VOL1 Output Low Voltage 3.0V 0.8 0.8 0.3 v 10L = +4.0 mA [5] 
5.5V 0.4 0.4 0.2 v 10L = +4.0 mA [5] 
3.0V 0.4 0.4 v Low Noise @ 0.5 ~ 
5.5V 0.4 0.4 v Low Noise@ 0.5 mA 

VOl2 Output Low Voltage 3.0V 1.0 1.0 0.8 v 10L = +12 mA. 
3 Pin Max [5] 

5.5V 0.8 0.8 0.3 v l0L =+12mA, 
3 Pin Max [5] 

VOFFSIT Comparator Input 3.0V 25 25 10 mv 
Offset Voltage 5.5V 25 25 10 mV 

VLV V cc Low Voltage 2.7 2.95 2.1 v @1 MHz Max, 
Int. CLK Freq 

l,l Input Leakage 3.0V -1.0 1.0 -1.0 1.0 µ<\ V1N = OV, Vee 
5.5V -1.0 1.0 -1.0 1.0 µ<\ V1N = OV, Vee 

Ol Output Leakage 3.0V -1.0 1.0 -1.0 1.0 µ<\ v,N =av. Vee 
5.5V -1.0 1.0 -1.0 1.0 µ<\ v,N= OV, Vee 

VleMR Input Common 0 Vcc-1.0 0 Vee -1.5 v 
Mode Range 
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't'21u:E Z86C07 CMOS zae 
8-SIT MICROCONTROUfR 

DC ELECTRICAL CHARACTERISTICS (Continued) 

r. = 0°C lo +70°C r. ·-40°C lo +105°C Typical 
Sym Parameter Vccl41 Min Max Min Max @25°C Units Conditions 

Ice Supply Current 3.2V 80 ~ All output and 1/0 Pins 
Floating @ 32 kHz [7] 

5.5V 7.0 7.0 3.5 rnA All Output and 1/0 Pins 
Floating @ 2 MHz 

3.0V 5.0 8.0 2.5 rnA All Output and 1/0 Pins 
Floating @ 8 MHz 

5.5V 11.0 11.0 5.3 rnA All Output and 1/0 Pins 
Floating @ 8 MHz 

3.0V 7.5 10 3.0 rnA All Output and 1/0 Pins 
Floating@ 12 MHz 

5.5V 15 15 7.5 rnA All Output and 1/0 Pins 
Floating@ 12 MHz 

ICC1 Standby Current 3.0V 2.5 2.5 0.7 rnA HALT Mode V1N=OV, 
Vcc®2MHz 

5.5V 4.0 5.0 2.0 rnA HALT Mode V1N = OV, 
Vcc@2 MHz 

3.0V 3.0 4.0 1.0 rnA HALT Mode V1N = OV, 
Vcc ®8 MHz 

5.5V 5.0 5.0 2.8 rnA HALT Mode VIN= av. 
Vcc ®8 MHz 

3.0V 4.5 4.5 1.5 rnA HALT Mode VIN = av, 
Vcc ® 12 MHz 

5.5V 7.0 7.0 4.0 rnA HALT Mode VIN= av, 
Vcc ® 12 MHz 

Ice Supply Current 3.0V 3.5 3.5 1.0 rnA All Output and 1/0 Pins 
(Low Noise Mode) Floating @ 1 MHz 

5.5V 7.0 7.0 2.8 rnA All Output and 1/0 Pins 
Floating @ 1 MHz 

3.0V 5.8 5.8 1.5 rnA All Output and 1/0 Pins 
Floating @ 2 MHz 

5.5V 9.0 9.0 3.5 rnA All Output and 1/0 Pins 
Floating @ 2 MHz 

3.0V 8.0 8.0 2.0 rnA All Output and 1/0 Pins 
Floating@ 4 MHz 

5.5V 11.0 11.0 5.4 rnA All Output and 1/0 Pins 
Floating @ 4 MHz 
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ft'2JLCl6 Z86C07 CMOS ZS' 
8-BIT MICROCONIROLLER 

TA= 0°c to +70°C TA =-4D°C to +105°C Typical 
Sym Parameter Vccl41 Min Max Min Max @25°C Units Conditions 

ICC1 Standby Current 3.aV 1.2 1.2 a.3 mA HALT Mode v1N= av, 
(Low Noise Mode) Vcc@1 MHz 

5.5V 1.6 1.6 a.5 mA HALT Mode V1N = av, 
Vcc@1 MHz 

3.aV 1.5 1.5 a.5 mA HALT Mode VIN =av, 
Vcc@2MHz 

5.5V 1.9 1.9 mA HALT Mode V1N =OV, 
Vcc@2 MHz 

3.av 2.a 2.0 a.9 mA HALT Mode V1N =av, 
Vcc@4MHz 

5.5V 2.4 2.4 1.6 mA HALT Mode VIN= av, 
Vcc@4MHz 

ICC2 Standby Current 3.av 10 2a 1.2 ~ STOP Mode VIN= OV, 
V cc WOT is not Running 

5.5V 10 2a 2.a ~ STOP Mode V1N = OV, 
V cc WOT is not Running 

Notes: 
[1] Ice, Typ Max Unit Freq 

Clock Driven 0.3 5.0 mA BMHz 
Crystal/Resonator 3.5 5.0 mA BMHz 

[2] Vss=OV=GND 
[3] For 2. 75Voperating, the device operates down to VLv· The minimum 

operational Vee is determined on the value of the voltage VLvat the 
ambient temperature. The V Lv increases as the temperature de-
creases. 

[4] The V cc Voltage specification of 3.0V guarantees 3.3V ±0.3V and 
V cc voltage specification of 5.5V guarantees 5.0V ±0.5V. 

[5] Standard Mode (not Low EMI Mode) 
[6] Excludes clock pins. 
[7] CL 1 = 100 pf, CL2 = 220 pf, RF= 30 kOhms. 
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DC ELECTRICAL CHARACTERISTICS 
Timing Diagrams 

Clock 

Figure 16. Electrical Timing Diagram 
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•aUJ6 Z86C07 CMOS Zat 
8-BIT MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Timing Table (Standard Mode) 

T1 =-40°C to +105°C 
8MHz 12MHz 

No Symbol Parameter Vccl3J Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 DC 83 DC ns [1] 
5.5V 125 DC 83 DC ns [1] 

2 TrC,TfC Clock Input Rise 3.0V 25 15 ns [1] 
and Fall Times 5.5V 25 15 ns 

3 TwC Input Clock Width 3.0V 62 41 [1] 
5.5V 62 41 ns [1] 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC [1] 
5.5V 5TpC 5TpC [1] 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC [1] 
5.5V 8TpC 8TpC [1] 

7 Tr Tin, Timer Input Rise 3.0V 100 100 ns [1] 
T!Tin and Fall Timer 5.5V 100 100 ns [1] 

8 Twll Int. Request Input 3.0V 100 100 ns (1,2] 
Low Time 5.5V 70 70 ns [1,2) 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC [1] 
HighTime 5.5V 5TpC 5TpC [1,2) 

10 Twdt Watch-Dog Timer 3.0V 25 25 ms (1,4] 
Delay Time 5.5V 5 5 ms [1,4] 

11 Tpor 3.0V 24 24 ms [1] 
5.5V 12 12 ms [1] 

Notes: 
[1] Timing Reference uses 0.7 Vee for a logic 1 and 

0.2 V cc for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31). 
[3] The V cc Voltage specification of 3.0V guarantees 3.3V ±0.3V 

and V cc voltage specification of 5.5V guarantees 5.0V ±0.5V. 
[4] Length of time before WDT times out. 
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Low Noise Version 

Low EMI Emission 
The Z86C07 can be programmed to operate in a Low EMI 
emission mode by means of a mask ROM bit option. Use 
of this feature results in: 

• Less than 1 mA consumed during HALT mode, -0°C 
to +70°c. 

• All pre-driver slew rates reduced to 10 ns typical. 

• Internal SCLK/TCLK = XT AL operation limited to a 
maximum of 4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms {typical). 

• Oscillator divide-by-two circuitry eliminated. 

Z86C07 CMOS 'Z8' 
8·BIT MlcROCoNTRoLLER 

The Low EMI mode is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 

EMI Characteristics 

The Z86C07 operating in the Low EMI mode generates 
EMI as measured in the following chart: 

The measurements shown in Figure 17 were made while 
operating the Z86C07 in three states: (1) Idle condition; (2) 
static output; (3) switched output. 

Near Field EMI Analysis 
Z86C07 Low Noise 
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4\2ilJJ6 Z86C07 CMOS 'ZJf 
8-Brr MlcRocormloLLER 

AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

r •• 0°C lo +70°C T.·-40°C lo +105°C 
1 MHz 4MHz 1 MHz 4MHz 

No Symbol Parameter Vccl3J Min Max Min Max Min Max Min Max Units Noles 

5 TwTinH Timer Input High Width 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1) 
5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1) 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC 4TpC 4TpC (1) 
5.5V 4TpC 4TpC 4TpC 4TpC [1) 

7 Tr Tin, Timer Input Rise 3.0V 100 100 100 100 ns [1) 
TtTin and Fall Timer 5.5V 100 100 100 100 ns [1) 

8 Twll Int. Request Input 3.0V 100 100 100 100 ns (1,2) 
Low Time 5.5V 70 70 70 70 ns [1,2) 

9 TwlH Int. Request Input 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1) 
High Time 5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1,2) 

10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1,4) 
Delay Time 5.5V 5 5 5 5 ms [1,4) 

Notes: 
[1] Timing Reference uses0.7Vee for a logic 1and0.2Vee fora logicO. 
(2] Interrupt request through Port 3 (P33-P31 ). 
[3] The Vee Voltage specification of 3.0V guarantees 3.3V :l:0.3V 

and Vee voltage specification of 5.5V guarantees 5.0V :l:0.5V. 
(4] Length of time before WOT times out. 

II 
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ZS CONTROL REGISTER DIAGRAMS 

R241 TMR 

R242T1 

R243PRE1 

5-22 

O No Function 
1 LoadTo 

0 Disable T oCount 
1 Enable T oCount 

o No Function 
1 LoadT 1 

O Disable T 1 Count 
1 Enable T 1 Count 

T1N Modes 
00 External Clock Input 
01 Gate Input 
1 O Trigger Input 

(Non-retrtggerable) 
11 Trigger Input 

(Retrlggerable) 

Reserved (Must be O.) 

Figure 18. Timer Mode Register 
(F1": Read/Write) 

! 1. lnittal Value 
(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 
T1 Current Value 
(When READ) 

Figure 19. Counter Time 1 Register 
(F2": Read/Write) 

Count Mode 
O T 1 Single Pass 
1 T1 Modulo 

Clock Source 
1 T 1 Internal 
O T 1 External Tlmlng Input 

(TN )Mode 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 20. Prescaler 1 Register 
(F3": Write Only) 

R244TO 

R245PREO 

R246 P2M 

R247 P3M 

Z86C07 CMOS Z8' 
a.arr MICROCONTROLLER 

!o_lnltial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00HEX) 
To Current Value 
(When READ) 

Figure 21. Counter/Timer o Register 
(F4": Read/Write) 

Count Mode 
o T 0srngle Pass 
1 To Modulo-n 

Reserved (Must be 0.) 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00 HEX) 

Figure 22. Prescaler 0 Register 
(F5": Write Only) 

P2 7 - P20 VO Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit es INPUT 

Figure 23. Port 2 Mode Register 
(F6H: Write Only) 

o Port 2 Pull-Ups Open Dreln 
1 Port 2 Pul~Ups Active 

Port3 Inputs 
0 Digital 
1 Analog 

Reserved (Must be 0.) 

Figure 24. Port 3 Mode Register 
(F7 H: Write Only) 



R248 P01M 

R249 IPR 

-r-

R250 IRQ 

P00 - P03 Mode 
00 =Input 
01 =Input 

Reserved (Must be 1.) 

Reserved (Must be 0.) 

Figure 25. Port 0 and 1 Mode Register 
(FBH: Write Only) 

T l Interrupt Group Priority 
000 Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1, IR04 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IR04>1RQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>1RQO 
1 IROO>IRQ2 

IRQ3, IRQS Priority (Group A) 
0 IRQ5>1RQ3 
1 IRQ3>1RQ5 

Reserved (Must be 0.) 

Figure 26. Interrupt Priority Register 
(F9H: Write Only) 

IROO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P32 Input 
IR04=T0 
IR05=T1 

Reserved (Must be 0.) 

Figure 27. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

Z86CD7 CMOS ZS' 
8·Brr MICROCONTROLLER 

f~l~l~l~loolml~lool 

I .___I -

1 Enables IRQ5-IRQO 
(Do= IRQO) 

Reserved (Must be 0.) 

1 Enebles Interrupts 

R252 Flags 

R253RP 

R255SPL 

Figure 28. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Haw Carry Rag 

Decimal Adjust Flag 

Overflow Flag 

Sign Rag 

Zero Flag 

Cerry Flag 

Figure 29. Flag Register 
(FCH: Read/Write) 

Must be O. 

Register Pointer 

Figure 30. Register Pointer 
(FDH: Read/Write) 

Stack Pointer Lower 
Byte (SPo. SP7) 

Figure 31. Stack Pointer 
(FF H: Read/Write) 
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~2H.JJ6 Z86C07 CMOS Z8' 
a.err MICROCONTROLLER 

DEVICE CHARACTERISTICS 

Ice (mA) 

5-24 

15.0 

14.0 

13.0 

12.0 

11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 

S.SV 

---+-~ ......... 3.0V 

_,,_ __ ..;.. -
_ .. ---· 
2 4 6 8 10 12 14 

Frequency (MHz) 

Figure 32. Maximum •cc vs Frequency 

AS.SY 

-- ---·3.0V 
0----1---

Legend: 
HALT 
Active -

0..__ ...... __ ...__ ...... __ ....... ____ ...__ ...... _~- Frequency 
2 4 6 8 10 12 14 (MHz) 

HALT 
Active --

Figure 33. Typical •cc vs Frequency 



Vcc('oA:>lt) 

-60 -40 

VoL --
V1L -

Vee (~It) 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 
-60 -40 

V0HvsTemp 
V1HvsTemp 

-20 

-20 

0 20 40 60 BO 

Figure 34. V1L, V oL vs Temperature 

0 20 40 60 80 

Figure 35. V1", V OH vs Temperature 

100 120 ~8Jf 

5.5V 

5.5 
3.0 

v 
v 

v 3.0 

Z86C07 CMOS D' 
a.Brr MICROCONTROLLER 

.. 
100 120 

'nlmp 
•c 
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DEVICE CHARACTERISTICS (Continued) 
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I Gii 
(mA) 

2.0 3.0 
0 

-2.0 

-3.0 

-4.0 

·5.0 

-6.0 

-7.0 

-8.0 

J 
r 

_n I 

71 
ZfJ_ 

~--;, k 1-«f'C 

3.0\/ -5.5V ----

4.0 5.0 6.0 

T 
Ji 

• • ,i;: 
_..; ,,, 
ta 

j!• 
_J_• 

12&' ~;-4Cfc 

Figure 36. Typical 10" vs V 0" 

loL(mA>-----------..--"""""--

0 0.5 1.0 1.5 2.0 2.5 V QL(\blts) 

Figure 37. Typical 10L vs V0L 

Z8&C07 CMOS zat 
8-Brr MICRocoNlllOLLER 



INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol Meaning 

IRR Indirect register pair or indirect working-
register pair address 

Ir Indirect working-register pair only 
X Indexed address 
DA Direct address 
RA Relative address 
IM Immediate 
R Register or working-register address 
r Working register address only 
IR Indirect-register or indirect working

register address 
Ir Indirect working-register address only 
RR Register pair or working register pair 

address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol Meaning 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack pointer 
Program counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86C07 CMOS 'II 
Mirr MICROCONTROLLER 

Flags. Control register (R252) contains the following six 
flags. 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 Clear to zero 
1 Set to one 

Set to clear according to operation 
Unaffected 

X Undefined 

5-27 
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ft'2iUlG Z86C07 CMOS zst 
B·BIT MlcROCOHTROLLfR 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always true 
0111 c Carry C=1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 ov Overflow V=1 
1100 NOV No overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not equal Z=O 
1001 GE Greater than or equal (SXORV) = 0 
0001 LT Less than (S XORV) = 1 
1010 GT Greater than [Z OR (S XOR V)] = 0 
0010 LE Less than or equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned greater than or equal C=O 
0111 ULT Unsigned less than c = 1 
1011 UGT Unsigned greater than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 F Never True (Always False) 
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INSTRUCTION FORMATS 

OPC 

dst OPC 

CCF, DI, El, IRET, NOP, 
ACF, RET, SCF 

INCr 

Z86C07 CMOS ZS' 
8-BIT MICROCONTROLLER 

One-Byte Instructions 

OPC I MODE I CLR, CPL, DA, DEC, 
dsVsrc a=t I 11 1 0 I dsVsrc I DECW, INC, INCW, 

• • . • POP, PUSH, RL, RLC, 

i----:-c--1 oo I 111 o I c1s1 

OPC 

VALUE 

MODE OPC 

dsl/src sret'dst 

dsVsrc OPC 

sret'dst a=t I 1 1 1 O I src 

dst I OPC 

VALUE 

I dsVCC L OPC 

FFH 

6FH 7FH 

RR, RRC, SRA, SWAP 

JP, CALL (Indirect) 

SAP 

ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 
TM, XOR 

LO, LOE, LDEI, 
LDC,LDCI 

LO 

LO 

DJNZ,JR 

STOP/HALT 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
'r'. For example: 

dst r dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

OR 1110 

()'{ 1110 

src 

dst 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

OPC }MODE 

dst ool 1110 I dst 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

VALUE 

MODE} OPC 

dsVsrc J x 
ADDRESS 

OPC 

DAU 

DAL 

LO 

OR 1110 src 

()'{ 1110 dst 

LO 

JP 

CALL 

Three-Byte Instructions 

notation "addr (n)' is used to refer to bit (n) of a given 
operand location. For example: 

dst(7) 

refers to bit 7 of the destination operand. 
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~2jUJG Z86C07 CMOS ZS' 
8·BfT MICROCONTROLLER 

INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) CZSVDH and Operation dst src Byte (Hex) CZSVDH 

ADC dst, src t 1[ l * * * * 0 * INCdst rE - * * * - -
dst~dst + src +C dst~dst+ 1 r=O-F 

R 20 
ADDdst, src t 0[ l * * * * 0 * JR 21 
dst~dst + src 

INCWdst RR AO - * * * - -
ANDdst, src t 5[ l - * * 0 dst~dst+ 1 IR A1 
dst~dst AND src 

IRET BF * * * * * * CALLdst DA 06 - - - - - - FLAGS~@SP; 
SP~SP-2 IRR 04 SP~SP+1 
@SP~PC, PC~@SP; 
PC~dst SP~SP+2; 

CCF EF * - - - - - IMR(7)~1 

c~NOTC JP CC, dst DA cD - - - - - -
CLR dst R BO if cc is true, C=D-F 

dst~O IR B1 PC~dst IRR 30 

COM dsl R 60 - * * 0 
JR cc, dst RA cB - - - - - -

dst~NOTdst JR 61 if cc is true, C=O-F 
PC~PC+dst 

CP dst. src t A[] * * * * Range: +127, -128 
dst-src 

LD dst. src Im re - - - - - -
DAdst R 40 * * * x dst~src r R r8 
dst~DAdst JR 41 R r r9 

r=D-F 
DECdst R 00 - * * * r x Cl 
dst~dst-1 JR 01 x r Dl 
DECWdst RR 80 - * * * r Ir E3 
dst~dst-1 IR 81 Ir r F3 

R R E4 
DI BF - - - - - - R JR ES 
IMR(7)~0 R IM E6 

DJNZr, dst RA rA 
JR IM E7 - - - - - - IR R F5 

r~r-1 r=O-F 
ifr~O LDC dst. src Irr C2 - - - - - -
PC~PC+dst dst~src 
Range: +127, -128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dst~src 
IMR(7)~1 r~r+ 1;rr~rr+ 1 

HALT 7F - - - - - - NOP FF - - - - - -
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~21UJ6 Z86C07 CMOS Z8' 
8-BIT MICROCONTROLLER 

Address Address 
Instruction Mode Opcode Flags AHected Instruction Mode Opcode Flags AHacted 
and Operation dst src Byte (Hex) CZSVDH and Operation dsl src Byte (Hex) CZSVDH 

OR dst, src t 4[ l - * * 0 - - STOP 6F 
dst+-dSI OR src 

SUB dst, src t 2[ l * * * * * 
POPdst R 50 - - - - - - dsl+-dst-src 
dst+-@SP; IR 51 
SP+-SP+ 1 SWAPdst R FO x * * x 

11§5 IR F1 
PUSHsrc R 70 - - - - - - •I 
SP+-SP-1; IR 71 
@SP+-src 

TCM dst, src t 6[ l - * * 0 
RCF CF 0 - - - - - (NOT dst) AND src 
C+-0 

TM dst, src t 7[ l 0 - * * 
RET AF - - - - - - dstAND src 
PC+-@SP; 
SP+-SP+2 WDH 4F - - - -

RL dst R 90 ****-- WOT 5F - x x x 

~ 
IR 91 XORdst,src t B[] - * * 0 

dst+-dst XOR src 

RLCdst R 10 ****--
~ 

IR 11 t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble Is expressed symbolically by a '[ ]' 

RRdst R EO ****-- In this table, and its value is found in the following table to the left of the 

IR E1 
applicable addressing mode pair. 

cm c:ct:::±P For example, the opcode of an ADC Instruction using the addressing 

RRCdst R co modes r (destination) and Ir (source) is 13. 
****--

cm:ct:5}J 
IR C1 

Address Mode Lower 
dst arc Opcode Nibble 

SBCdst, src t 3[ l * * * * 1 * 
dst+-dst-src-C [2] 

II SCF DF Ir [3] 
C+-1 

SRAdst R DO * * * 0 
R R [4] 

~ 
IR 01 R IR [5] 

R IM [6] 

SRPdst Im 31 - - - - - -
RP+-src IA IM [7] 
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OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADO ADO 

R1 IR1 r1, r2 r1, lr2 R2, R1 

6~ 6.5 6.5 6.5 10.5 
RLC RLC ADC ADC ADC 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

2 INC INC SUB SUB SUB 

R1 IR1 r1, r2 r1, lr2 R2, R1 
8.0 6.1 6.5 6.5 10.5 

3 JP SRP SBC SBC SBC 

IRR1 IM r1, r2 r1, lr2 R2, R1 
8-:0 8.5 6.5 6.5 10.5 

4 DA DA OR OR OR 

R1 IR1 r1, r2 r1,lr2 R2, R1 
10.5 10.5 6.5 6.5 10.5 

5 POP POP AND AND AND 

R1 IR1 r1,r2 r1,lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

8 COM COM TCM TCM TCM 

R1 IR1 r1, r2 r1, lr2 R2, R1 
10/12.1 11_2114.1 6.5 6.5 10.5 
PUSH PUSH TM TM TM 

'iC • i5. 
J! 7 

R2 IR2 r1,t2 r1, lr2 R2, R1 
10.5 10.5 

.a 
~ 

DECW DECW 
RR1 IR1 l 8 

::I 6.5 6.5 
9 RL AL 

R1 IR1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 

RR1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

B CLR CLR XOR XOR XOR 

R1 IR1 r1, r2 r1, lr2 R2,R1 
6.5 6.5 12.0 18.0 

c ARC RRC LDC LOCI 

R1 IR1 r1, lrr2 lr1, lrr2 
6.5 6.5 12.0 18.0 20.0 

D SRA SRA LDC LOCI CALL• 

R1 IR1 lrr1, r2 lrr1, lr2 IRR1 
6.5 6.5 6.5 10.5 

E RR RR LD LD 
R1 IR1 r1,IR2 R2,R1 
8.5 8.5 6.5 

F SWAP SWAP LO 
R1 IR1 lr1,r2 

y 
2 

Execution 
Cycles 

First 
Operand 

5-32 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LO 

IR2, R1 R1,IM IR1,IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SSC 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1,IM IR1,IM 

10.5 10.5 10.5 
CP CP CP 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2,R1 R1,IM IR1,IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LO 
DA r2,x,R1 

10.5 10.5 10.5 
LO LO LO 

IR2,R1 R1, IM IR1,IM 
10.5 
LO 

' R2 IR1 

y 

3 

Bytee per lnetructlon 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LO 
r1,RA cc, RA r1,IM 

• • ' v 
2 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Dst Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Z86C07 CMOS Z8' 
8-SIT MlcROCONlROUER 

D E F 

12.10.0 6.5 
JP INC 

cc, DA r1 1---

1---

1---

'"6:o' 
WDH 

1--i 
6.0 

WOT 

1--i 
6.0 

STOP 

~ 
HALT 

~ 
DI 

~ 
El 

I--
14.0 
RET 

'"IB:o" 
IRET 

~ 
RCF 

~ 
SCF 

~ 
CCF 

~ 

* ~ NOP 

v 
3 

Note: Blank areas reserved. 

•2-byte instruction appears as 
a 3-byte instruction 



•21Ul6 
PACKAGE INFORMATION 

SYMBDL MILLIMETER 

HIN MAX 
Al O.Sl 0.81 

El A2 3.2S 3.43 

• 0.38 o.53 

81 1.14 1.65 

c 0.23 0.38 

-----D ----..i D 22.35 23.37 

E 7.62 8.13 

El 6.22 6.48 

INCH 

HIN 

.020 

.128 

.015 

.045 

.009 

.880 

.300 

.245 

Z8&C07 CMOS~ 
S.BIT MlcRoeoNTRoLLER 

MAX 

.032 

J35 

.021 

.065 

.015 

.920 

.320 

.255 

Ill 2.54 TYP .100 TYP 

l'A 7.87 8.89 .310 ,350 

L 3J8 3.81 .125 .150 
Ill l.52 1.65 .060 .065 
s 0.89 1.65 .035 .o65 

CDNTllllLLJNG DIMENSIONS • INCH 

s Iii • 

18-Pln DIP Package Diagram 

£ ] H 

10 

~ Ql 
HILLlMETER INCH 

S'IMBIL 
MIN Hl\l( MIN Hl\X 

" 2.40 11!.65 .1194 .104 

Al 11.lO 11.311 .004 .012 
Ila 2.24 2.44 .aae .G96 
I 0.36 0.46 Jll4 Jll8 

c o.23 0.30 .009 Jll2 

D 1L40 11.75 .449 ,463 

£ 7.40 7.60 J!'Jl J!99 

CllNTRIJ..LIHG DIMEllSllJIS • MM 
LEl\DS ARE CllPL#UIR VITHIN .004 INCH. • 1.27 TYP .o50 TYP 

H to.Oii lo.65 .394 .419 

h G.30 G.40 .012 .D16 

L G.611 l.GO .G24 .039 
QI 0.97 l.07 .038 .042 

18-Pln SOIC Package Diagram 
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•211.m 
ORDERING INFORMATION 

Z86C07 (8 MHz) 
Standard Temperature 

18-Pin DIP 18-Pln SOIC 
ZB6C0708PSC Z86C070BSSC 

Z86C07 (12 MHz) 
Standard Temperature 

18-Pin DIP 18-Pin SOIC 
Z86C0712PSC Z86C0712SSC 

Extended Temperature 
18-Pin DIP 18-Pin SOIC 

Z86C0708PEC Z86C0708SEC 

Extended Temperature 
18-Pln DIP 18-Pln SOIC 

Z86C0712PEC Z86C0712SEC 

For fast results, contact your local Zilog sale offices for assistance in ordering the part desired. 

CODES 

Preferred Package 
P= DIP 

Longer Lead Time 
S = SOIC 

Preferred Temperature 
S = 0°C to +70°C 

Longer Lead Time 
E = -40°C to +105°C 

Speeds 
08 = 8MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z86C0708PSC 

~ 

5-34 

is a Z86C07, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C07 CMOS 1.8' 
8·BIT MICROCONTROLLER 



Z86E07 CMOS ZB® r. 
B·Bit OTP Microcontroller M 





FEATURES 

• Low Cost. 8-Bit CMOS MCU 
(OTP Support for Z86C07) 

• 18-Pin Package (DIP, SOIC) 

• 2 Kbytes of One-Time-PROM 

• 124 Bytes of General-Purpose RAM 

• 4.0V to 5.5V Operating Range 

• Clock Speed: 12 MHz 

• Low Power Consumption: 50 mW (Typical) 

• Low Noise Programmable 

• Programmable ROM Protect 

• Two Programmable 8-Bit Counter/Timers 
Each with a 6-Bit Programmable Prescaler. 

GENERAL DESCRIPTION 

The Z86E07 8-bit One-Time-Programmable (OTP) Micro
controller (MCU) is a member of the Z84P single-chip 
microcontrollerfamilywith 2 Kbytes of one-time PROM and 
124 Bytes of General-Purpose RAM. The device is housed 
in an 18-pin DIP or SOIC style package and is manufac
tured in CMOS technology. The Z86E07 allows easy soft
ware development and debug, prototyping, and is ideal for 
small production runs not economically desirable with a 
masked ROM version. 

For applications demanding powerful 1/0 capabilities, the 
Z86E07 provides 14 pins dedicated to input and output. 
These lines are grouped into three ports, and are config
urable under software control to provide 1/0, timing, and 

PRODUCT SPECIFICATION 

Z86E07 
CMOS Z8® 8-BIT OTP 
MIGROGONTROLLER 

• Fast Instruction Pointer: 1 µs @ 12 MHz 

• Two Standby Modes: STOP and HALT 

• 14 Input/Output Lines 

• 11 Digital Inputs, CMOS Levels, Schmitt-Triggered. 

• Six Vectored, Priority Interrupts from 
Six Different Sources. 

• Programmable Interrupt Polarity 

• Software-Programmable Watch-Dog Timer 

• Power-On Reset Timer 

• Two On-Board Comparators 

• On-Chip Oscillator that Accepts a Crystal, 
Ceramic Resonator. LC, or External Clock Drive. 

status signals. There are two basic address spaces avail
able to support this configuration: program memory and 
124 bytes of general-purpose registers. 

The Z86E07 offers programmable EPROM Protect and 
programmable Low Noise. When the part is programmed 
for EPROM Protect, the Low Noise feature will automati
cally be enabled. When programmed for Low Noise, the 
EPROM Protect feature is optional. 

With a flexible 1/0 scheme, an efficient register and ad
dress space structure, and a number of ancillary features, 
the Z86E07 is well-suited for a variety of consumer, indus
trial and commercial applications. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86E07 CMOS zse 8-Brr 
OTP MICROCONTROLLER 

To unburden the system from coping with real-time tasks, 
such as counting/timing and 1/0 data communications, the 
Z86E07 offers two on-chip counter/timers with a large 
number of user selectable modes. The device also fea
tures two on-board comparators that process analog sig
nals with a common reference voltage (Figures 1 and 2). 

All Signals with a preceding front slash, 'f', are active Low, e.g.: 

6-2 

Input 

Port3 

Counter/ 
Timers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Vee 

Connection 

Power 
Ground 

Circuit 

XTAL 

Machine ----- --------A Timing & Inst. 

ALU 

FLAG 

Register 
Pointer 

1/0 

Control 

OTP 
Program 
Memory 

2048x8-Bit 

Device 

Figure 1. Z86E07 Functional Block Diagram 



Clear Clock EPM /CE /PGM 
POO P01 P32 XT1 P02 

07-00 

A10·AO 

2K 
EPROM 

ROMPROT 
Low Noise 

VPP 
P33 

Z86E07 CMOS ZS' 8-Brr 
OTP MICROCONTROLLER 

/OE 
P31 

Figure 2. Z86E07 EPROM Mode Block Diagram 

PIN DESCRIPTION 

Table 1. Z86E07 18-Pln DIP Pin Identification 
04 18 03 

EPROMMode 
Pin# Symbol Function Direction 05 2 17 02 

1-4 07-04 Data 4, 5, 6, 7 In/Output 
06 3 16 01 

5 Vee Power Supply 07 4 15 DO 
6 N/C No Connection Vee 5 Z86E07 14 GND 
7 /CE Chip Enable Input 
8 /OE Output Enable Input N/C 6 13 /PGM 
9 EPM EPROM Prog Mode Input 

/CE 7 12 CLOCK 

10 VPP Prog Voltage Input /OE 8 11 CLEAR 
11 Clear Clear Clock Input 

Vpp 12 Clock Address Input EPM 9 10 
13 /PGM Prog Mode Input 
14 GND Ground 
15-18 03-00 Data0,1, 2, 3 In/Output Figure 3. Z86E07 18-Pln DIP Pin Configuration 

EPROM Mode 
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PIN DESCRIPTION 

Table 2. Z86E0718-Pin DIP Pin Identification* 

Standard Mode 
Pin# Symbol Function Direction 

1-4 P27-P24 Port 2, Pins 4, 5, 6, 7 In/Output 
5 Vee Power Supply 
6 XTAL2 Crystal Osc. Clock Output 
7 XTAL1 Crystal Osc. Clock Input 
8 P31 Port 3, Pin 1 Input 

9 P32 Port 3, Pin 2 Input 
10 P33 Port 3, Pin 3 Input 
11-13 P02-POO Port 0, Pins 0, 1, 2 In/Output 
14 GND Ground 
15-18 P23-P20 Port 2, Pins 0, 1, 2, 3 In/Output 
Note: 
• Pin Identification and Configuration identical on DIP and 

sore style packages. 

PIN FUNCTIONS 

OTP Programming Mode 

D7-DO Data Bus. The data can be read from, or written to 
the EPROM through this data bus. 

V cc Power Supply. It is 5V during the EPROM Read mode 
and 6V during the other mode. 

/CE Chip Enable (active Low). This pin is active during 
EPROM Read Mode, Program Mode, and Program Verify 
Mode (V1L, V1H, V H = 12V ±0.5V). 

/OE Output Enable (active Low). This pin drives the Data 
Bus direction. When this pin is Low, the Data Bus is output. 
When High, the Data Bus is input. 

EPM EPROM Program Mode. This pin controls the differ
ent EPROM Program Modes by applying different 
voltages {V1L, V1H, VH = 12V ±0.SV). 

VPP Program Voltage. This pin supplies the program volt
age (V H = 12V ±0.5V). 

Clear Clear (active High). This pin resets the internal 
address counter at the High Level. 
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Z86E07 CMOS ZS' a.err 
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P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 

P27 4 15 P20 

Vee 5 Z86E07 14 GND 

XTAL2 6 13 P02 

XTAL1 7 12 P01 

P31 8 11 POO 

P32 9 10 P33 

Figure 4. Z86E07 18-Pln DIP Pin Configuration* 
Standard Mode 

Clock Address Clock. This pin is a clock input. The internal 
address counter increases by one with one clock signal. 

/PGM Program Mode (active Low). Low Level at this pin 
programs the data to the EPROM through the Data Bus. 

Application Precaution 

The production test-mode environment may be enabled 
accidentally during normal operation if excessive noise 
surges above Vee occur on the XT AL 1 pin. 

In addition, processor operation of ZS One-Time Program
mable devices may be affected by excessive noise 
surges on the V PP' /CE, /EPM, /OE pins while the microcon
troller is in stanaard mode. 

Recommendations for dampening voltage surges in both 
test and OTP mode include the following: 

• Using a clamping diode to V00. 

• Adding a capacitor to the affected pin. 



Z86E07 Standard Mode 

XTAL1, XTAL2 Crystal In, Crystal Out(time-based input 
and output, respectively). These pins connect a parallel
resonant crystal, LC, or an external single-phase clock 
(12 MHz max) to the on-chip clock oscillator and buffer. 

O en 

Out 

Z86E07 CMOS ZS' 8-BIT 
OTP MICROCONTROLLER 

Port O, P02·POO. Port O is a 3-bit bi-directional, Schmitt
triggered CMOS compatible 1/0 port. These three 1/0 lines 
can be globally configured under software control to be 
inputs or outputs (Figure 5). 

PAD 

1.5.._. 2.3 Hysteresis vcc o s.ov 

Figure 5. Port 0 Configuration 
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Z86E07 Standard Mode {Continued) 

Port 2, P27·P20. Port 2 is an 8-bit, bit programmable, bi
directional, Schmitt-triggered CMOS compatible 1/0 port. 
These eight 1/0 lines can be configured under software 

-
--
--

Z86E 07 

-
___. 

Port2 

Open-Drain 

Out 

1.5...._ 2.3 Hysteresis 

Z86E07 CMOS zae 8-Brr 
OTP MICROCON'IROUER 

control to be inputs or outputs, independently. Bits pro
grammed as outputs can be globally programmed as 
either push-pull or open-drain (Figure 6). 

~ 

..... 

Port2 (VO) 
~ 

~ 

PAD 

Figure 6. Port 2 Configuration 
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Port 3, P33-P31. Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P32-P30) lines. These three input 
lines can be configured under software control as digital 

inputs or analog inputs. These three input lines are also 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal T1N (Figure 7). 

PAD 

P31 (AN1) 

PAD 

P32(AN2) 

P33(REF) 

-

Z86E07 } •.. , 
-

0= Digital 
R247 = P3M 1 =Analog 

P31 

"'o-----------.~-_. Latch 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

IRQ2 

IAQ3 
P32 Data 
Latch 
IAQO 

f ..---II~ P33 Data '-------:;---;-"o..?... ________ _J, _ __.._ Latch 
Vr;c f-- IAQ1 

I RQ O, 1,2 = Falling Edge Detection 
IAQ3 =Rising Edge Detection 

Figure 7. Port 3 Configuration 
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Z86E07 Standard Mode (Continued) 

Comparator Inputs. Two analog comparators are added 
to input of Port 3, P31 and P32, for interface flexibility. The 
comparators reference voltage P3 (REF) is common to 
both comparators. 

Typical applications for the on-board comparators; Zero 
crossing detection, A/D conversion, voltage scaling, and 
threshold detection. In analog mode, P33 input functions 
serve as a reference voltage to the comparators. 

The dual comparator (common inverting terminal) features 
a single power supply which discontinues power in STOP 

FUNCTIONAL DESCRIPTION 

RESET is accomplished through Power-On or a Watch
Dog Timer Reset. Upon power-up, the Power-On Reset 
circuit waits for TPDR' plus 18 clock cycles, then starts 

INTOSC 

Z86E07 CMOS ZS9 8-BIT 
OTP MICROCONTROLLER 

mode. The common voltage range is 0-4 V when the V cc is 
5.0 V; the power supply and common mode rejection ratios 
are 90 dB and 60 dB, respectively. 

Interrupts are generated on either edge of Comparator 2's 
output, or on the falling edge of Comparator 1 's output. The 
comparator output is used for interrupt generation, Port 3 
data inputs, orT1N through P31. Alternatively, the compara
tors can be disabled, freeing the reference input (P33) for 
use as IRQ1 and/or P33 input. 

program execution at address OOOC (Hex). Reference 
Table 3 for the Z86E07 control registers' reset values 
(Figure 8). 

XTALOSC 

Delay Line 
TPORmsec 

18CLK 
Reset Filiter 

Figure 8. Internal Reset Configuration 

Power-On Reset (POR). A timer circuit, clocked by a 
dedicated on-board RC oscillator, is used for a POR timer 
function. The POR time allows V cc and the oscillator circuit 
to stabilize before instruction execution begins. The POR 
timer circuit is a one-shot timer triggered by one of the four 
following conditions: 

• Power bad to power good status 
• STOP-Mode Recovery 
• WDT time-out 
• WDH time-out 
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Watch-Dog Timer Reset. The WDT is a retriggerable one
shot timer that resets the Z8 if it reaches its terminal count. 
The WDT is initially enabled by executing the WDT instruc
tion and is retriggered on subsequent execution of the 
WDT instruction. The timer circuit is driven by an on-board 
RC oscillator. 



Table 2. Z86C07 Control Registers 

Resel Condition 
Addr. Reg. D7 D& 05 D4 03 D2 D1 DD Comments 

F1 TMR 0 0 0 
F2 T1 u u u 
F3 PRE1 u u u 
F4 TO u u u 
F5 PREO u u u 
F6* P2M 

F7* P3M u u u 

F8* P01M u u u 
F9 IPR u u u 
FA IRQ u u 0 

PB IMR 0 u u 
PC FLAGS U u u 
FD RP 0 0 0 
FF SPL u u u 
Note: 

0 0 0 
u u u 
u u u 
u u u 
u u u 

u u u 

0 u u 
u u u 
0 0 0 

u u u 
u u u 
0 0 0 
u u u 

0 0 
u u 
0 0 
u u 
u 0 

0 0 

0 1 
u u 
0 0 

u u 
u u 
0 0 
u u 

Timers Off 

Inputs after 
reset. 

Standard 
Port 3 inputs. 

IRQ3 is 
used for 
positive 
edge detec-
lion. 

• Registers are not reset after a STOP-Mode Recovery using P27 pin. 
A subsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid bus contention on the port 
pins or it may affect device reliability. 

Z86E07 CMOS ZS' 8-BIT 
OTP MICROCONTROLLER 

Program Memory. The Z86E07 addresses up to 2 Kbytes 
of internal program memory (Figure 9). The first 12 bytes of 
program memory are reserved for the interrupt vectors. 
These locations contain six 16-bit vectors that correspond 
to the six available interrupts. Bytes 0-2047 are on-chip 
one-time programmable ROM. 

20 48 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ ~ 
11 

10 

9 

8 

7 

~ 
~ 5 

j...r" _!...... 
3 

2 

1 

0 

On-Chip 
ROM 

------ - - - -

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 9. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

Register Fiie. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 14 control 
and status registers, RO-R3, R4-R127 and R241-R255, 
respectively (Figure 10). General-purpose registers oc
cupythe 04H to 7FH address space.1/0 ports are mapped 
as per the existing CMOS ZS. The Mode and Configuration 
Registers are the same as the Z86C07. The Z86E07 
instructions can access registers directly or indirectly 
through an 8-bit address field. This allows short, 4-bit 

Location 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

128 
127 

4 

3 

2 

0 

Stack Pointer (Bits 7-0) 

General-Purpose Register 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0· 1 Mode 

Port3 Mode 

Port2 Mode 

10 Prescaler 

Timar/CounterO 

T1 Prescaler 

Timer/Counter1 

Timer Mode 

Not Implemented 

General-Purpose• 
Registers 

Port3 

Port2 

Reserved 

Porto 

lndentlfiers 

SPL 

GPR 

RP 

Flags 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

• The general-purpose lll!llsters are undefined alter device 
power-up. These lll!llster contents are oot affected by reset 
from STOP-Mode Recovery or by WOT timeout. 

Figure 10. Register File 
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register addressing using the Register Pointer. In the 4-bit 
mode, the register file is divided into eight working register 
groups, each occupying 16 continuous locations. The 
Register Pointer (Figure 11) addresses the starting loca
tion of the active working-register group. 

Stack Pointer. The Z86E07 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 

--~ FFOF I I} 
" .... -----------' R15to RO 

7F 

70 
6F 

60 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group ........... 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 

Register Group 1 

Register Group O 

~-----------------l/OPorts 

~ R15toRO 

R15 to R4 

R3toRO 

Figure 11. Register Pointer 
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General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. Note: 
Register R254 has been designated as a general-purpose 
register. 

Countermmer. There are two 8-bit programmable counter/ 
timers (TO and T1 ), each driven by its own 6-bit program
mable prescaler. The T1 prescaler is driven by internal or 
external clock sources; however, the TO can be driven by 
the internal clock source only (Figure 12). 

The 6-bit prescalers divide the inputfrequency of the clock 
source by any integer number from 1 to 64. Each prescaler 
drives its counter, which decrements the value (1 to 256) 
that has been loaded into the counter. When both counter 

PREO 
Initial Value 

Register 

Z86E07 CMOS zt' a.err 
OTP MICROCONTROUER 

and prescaler reach the end of count, a timer interrupt 
request IRQ4 (TO) or IRQ5 (T1) is generated. 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters are 
also programmed to stop upon reaching zero (single pass 
mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divided by four, or an external signal 
input through Port 3. The Timer Mode register configures 
the external timer input (P30) as an external clock, a trigger 
input that is retriggerable or not retriggerable, or used as 
a gate input for the internal clock. 

Internal Data Bus 

To 
Initial Value 

Register 

Raad 

To 
Currant Value 

Register 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86E07 has six interrupts from five differ
ent sources. These interrupts are maskable and prioritized 
(Figure 13). The sources are divided as follows: the falling 
edge of P31 (AN1 ), P32 (AN2), P33 (REF), the rising edge 
of P32 (AN2), and two counter/timers. The Interrupt Mask 
Register globally or individually enables or disables the six 
interrupt requests (Table 4). 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. All Z86E07 inter
rupts are vectored through locations in program memory. 
When an Interrupt machine cycle is activated, an Interrupt 
Request is granted. This disables all subsequent inter
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86E07 CMOS zse 8-SIT 
OTP MICROCONIROLLER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 

Note: User must select any ZB6COB mode in Zllog's 
C12 ICEBOX-emulator. The rising edge Interrupt /snot 
supported on the ZB6CCPOOZEM emulator. 

Table 4. Interrupt Types, Sources, and Vectors 

Name Source Vector Location 

IRQO AN2(P32) 
IRQ1 REF(P33) 
IRQ2 AN1(P31) 
IRQ3 AN2(P32) 
IRQ4 TO 
IRQ5 T1 

Notes: 
F = Falling edge triggered 
A = Rising edge triggered 

IRQO-IRQ5 

IPR 

PRIORITY 
LOGIC 

Vector Select 

0,1 
2,3 
4,5 
6,7 
8,9 

10,11 

6 

Comments 

External (F)Edge 
External (F)Edge 
External (F)Edge 
External (R)Edge 
Internal 
Internal 

Figure 13. Interrupt Block Diagram 
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Clock. The Z86E07 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
(XTAL1 =INPUT, XTAL2 =OUTPUT). The crystal should 
be AT cut, 12 MHz max, with a series resistance (RS) of less 
than or equal to 100 Ohms. 

XTAL1 
C1 

:;f II 
C1I 

Vss* Vss* -::-

XTAL2 

C2I C2 

vss•+ Vss* -:-

Z86E07 CMOS 7J9 8-BIT 
OTP MICROCONTROUER 

The crystal should be connected acrossXT AL 1 and XTAL2 
using the vendors crystal recommended capacitors (ca
pacitance values depend upon the crystal manufacturer, 
ceramic resonator and PCB layout) from each pin directly 
to device ground pin 14 (Figure 14). Note that the crystal 
capacitor loads should be connected to V ss• Pin 14 to 
reduce Ground noise injection. 

XTAL1 

L 

XTAL2 

Ceramic Resonator LC Clock External Clock 
or Crystal 

• Device Ground Pin 

Figure 14. Osclllator Configuration 

HALT Mode. This instruction turns off the internal CPU 
clock, but not the crystal oscillation. The counter/timers 
and external interrupts IRQO, IRQ1, IRQ2 and IRQ3 remain 
active. The device is recovered by interrupts, either exter
nally or internally generated. An interrupt request must be 
executed (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 µA. The STOP mode is released by a RESET 
through a STOP-Mode Recovery (pin P27). A Low input 
condition on P27 releases the STOP mode. Program ex
ecution begins at location OOOC(Hex). However, when P27 
is used to release the STOP mode, the 1/0 port mode 
registers are not reconfigured to their default power-on 
conditions. This prevents any 1/0, configured as output 
when the STOP instruction was executed, from glitching to 
an unknown state. To use the P27 release approach with 
STOP mode, use the following instruction: 

LO P2M, #1XXX XXXXB 
NOP 
STOP 

X = Dependent on user's application. 

In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP (opcode= FFH) immediately before the appropriate 
sleep instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 
or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

Watch-Dog Timer (WOT). The Watch-Dog Timer is en
abled by instruction WDT. When the WDT is enabled, it 
cannot be stopped by the instruction. With the WDT 
instruction, the WDT is refreshed when it is enabled within 
everyTwdt period; otherwise, the Z86E07 resets itself, The 
WDT instruction affects the flags accordingly; Z= 1, S=O, 
V=O. 

WDT = SF (Hex) 

Opcode WOT (SFH). The first time opcode SFH is ex
ecuted, the WDT is enabled and subsequent execution 
clears the WDT counter. This must be done at least every 
Twdt period; otherwise, the WDT times out and generates 
a reset. The generated reset is the same as a Power-On 
Reset of T POR' plus 18 XT AL clock cycles. The WDT does 
not work in STOP Mode; 
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FUNCTIONAL DESCRIPTION (Continued) 

Opcode WDH (4FH). When this instruction is executed it 
enables the WOT during HALT. If not, the WOT stops when 
entering HALT. This instruction does not clear the counters, 
it just makes it possible to have the WOT running during 
HALT mode. A WDH instruction executed without execut
ing WOT (5FH) has no effect. 

Auto Reset Voltage (V RSr>· The Z86E07 has an auto-reset 
built-in. The auto-reset circuit resets the Z86E07 when it 
detects the V 00 below V RST" Figure 15 shows the Auto Reset 

Vee 
(Volts) 

Z8&E07 CMOS 11' 8-BIT 
OTP MICROCOHTROWR 

Voltage vs temperature. The Z86E07 does not function 
from VRSr to below 4.5V. l.,Jpon power-up of the device, the 
V 00 rise time must reach 4.5V before the T POR expires so that 
program execution begins with the V 00 in the range 4.5V to 
5.5V. 

If the V 00 drops below 4.5V while the device is in operation, 
the device must be powered down and then re-powered 
up again. 

2.45 -----..-----.----.--........ ----r--....... --....... --.... 

2.40 --------1----+'"-------------1----1 

2.35 1-----+---+---f---+---t-----+---+---i 

2.30 

~ t'-...... 
2.25 t----+---+----+-~..i,.N--+-N--t~---+----1 

2.20 1---4---+--+--+---l----4_..;::....~..,+N---1 

2.15 ,__ _ __,..._ _ __. _____ ...... __ _... _____ _._ __ _. 'Rtmp 

-soc 25°C 75°C 

Figure 15. Typlcal Auto Reset Voltage (V lllT) vs Temperature 
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Low EMI Emission 

The Z86E07 can be programmed to operate in a low EMI 
emission mode by means of an EPROM programmable bit 
option. Use of this feature results in: 

• Less than 1 mA consumed during HALT mode. 

• All drivers slew rates reduced to 10 ns (typical). 

• Internal SCLK/TCLK = XTAL operation limited to a 
maximum of 4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

The Z86E07 offers programmable ROM Protect and pro
grammable Low Noise features. When programmed for 
Low Noise, the ROM Protect feature is optional. 

Besides V 00 and GND (V ss>. the Z86E07 changes all its pin 
functions in the EPROM mode. XTAL2 has no function, 

Z8&E07 CMOS 'Zr' 8-Brr 
OTP MICROCONTROUER 

XTAL 1 functions as /CE, P31 functions as /OE, P32 func
tions as EPM, P33 functions as VPP' and P02 functions as 
/PGM. 

EPROM Protect. ROM Protect fully protects the Z86E07 
ROM code from being read externally. When ROM Protect 
is selected, the Z86E07 will disable the instructions LDC 
and LDCI (Z86E07 and Z86C08 do notsupportthe instruc
tions of LDE and LDEI). When the device is programmed 
for ROM Protect, the Low Noise feature will automatically 
be enabled. A ROM look-up table cannot be used when 
EPROM Protect is selected. 

Please note that when using the device in a noisy environ
ment, it is suggested that the voltages on the EPM, 
/CE, /OE pins be clamped to V cc through a diode to V cc to 
prevent accidentally entering the OTP mode. The VPP 
requires both a diode and a 100 pF capacitor. 

User Modes. Table 5 shows the programming voltage of 
each mode of Z86E07. 

Table 5. OTP Programming Table 

Programming Modes VPP 

EPROM READ1 x 
EPROM READ2 x 
PROGRAM VH 
PROGRAM VERIFY VH 

EPROM PROTECT VH 
LOW NOISE SELECT VH 

Notn: 
VH = 12.SV :1:0.SV 
V'" = As per specific Z8 DC specification. 
V L = As per specific ZS DC specification. 

EPM 

VH 
VH 

x 
x 

VH 
VIH 

x = Not used, but must be set to V"' v,", or v,_ level. 
NU = Not used, but must be set to either v," or V" level. 
1 .. during programming = 40 mA maximum. 
100 during programming, verify, or read = 40 mA maximum. 
* V00 has a tolerance of :1:0.25V. 

/CE 

VIL 
VIL 

VIL 
VIL 

VH 
VH 

/OE /PGM ADDR DATA v • cc 

VIL VIH ADDA Out 4.5V 
VIL VIH ADDA Out 5.5V 

VIH VIL ADDA In 6.0V 
VIL VIH ADDA Out 6.0V 

VIH VIL NU NU 6.0V 
VIH VIL NU NU 6.0V 
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SPECIAL FUNCTIONS 

Internal Address Counter. The address of Z86E07 is 
generated internally with a counter clocked through pin 
P01 (Clock). Each clock signal increases the address by 
one and the 'high' level of pin POO (Clear) will reset the 
address to zero. Figure 16 shows the set-up time of the 
serial address input. 

Z86E07 CMOS "II 8-Brr 
OTP MICROCONTROLLER 

Programming Waveform. Figures 17, 18 and 19 show the 
programming waveforms of each mode. Table 6 shows the 
timing of programming waveforms. 

Programming Algorithm. Figure 20 shows the flow chart 
of the Z86E07 programming algorithm. 

Table 6. Timing of Programming Waveforms 

Parameter Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 V cc Setup Time 2 µs 
5 Chip Enable Setup Time 2 µs 

6 Program Pulse Width 0.95 ms 
7 Data Hold Time 2 µs 
8 /OE Setup Time 2 µs 
9 Data Access Time 200 ns 
10 Data Output Float Time 100 ns 

11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 µs 
13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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P01 =Clock 

POO=Clear 

lntemal 
Address 

Data 

~~ .... ~~~~ .......... +--+~~~~__, 

Vih 

VII Invalid 

Legend: 

T1 Reset Clock Width 
T2 Input Clock High 
T3 Input Clock Period 
T4 Input Clock Low 
T5 Clock to Address Counter Out Delay 

30nsMin 
30nsMin 
70nsMin 
30nsMin 
15 ns Max 

Figure 16. Z86E07 Address Counter Waveform 

Z86E07 CMOS 'ZJ8 a.err 
OTP MlcRocoNnlOWR 
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SPECIAL FUNCTIONS (Continued} 

VIH 

Address 
VIL 1 ~-- x Address Stable x 
VIH 

OMin 

Data Invalid VIL 

\IH 

VPP 
VIL 

\IH 

~ EPM 
VIL 

@ 5.SV 

~ vcc 
4.SV 

VIH 

/CE r-r VIL 

VIH f 
/OE 

VIL 

VIH 

~ IPGM 
VIL 

@ 

Figure 17. Z86E07 Programming Waveform 
(EPROM Read) 
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<t'2il!E 
VIH 

Address 
VIL 

VIH 

Data 
VIL 

VH 
VFf' 

VIH 

VH 
EPM 

VIL 

6V 
vcc 

4.5V 

VIH 

/CE 
VIL 

VIH 

/OE 
VIL 

VIH 

/PGM 
VIL 

Address Stable 

----Program Cycle ___ .....,...__ Verify Cycle 

Figure 18. Z86E07 Programming Waveform 
(Program and Verify) 

Z86E07 CMOS ZS' 8-Brr 
OTP MICAOCONTROLLER 

x 

~ 
~ 
~ 

~ 
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SPECIAL FUNCTIONS (Continued) 

6-20 

Address 

VPP 

Vee 

/CE 

/OE 

EPM 

VIH 

VIL 

VH 

VIH 

6V 

4. v 

VH 

VIH 

VIH 

VIL 

VH 

VIH 

VIL 

VtH 

/PGM VIL 

® 

EPROM Protect Low Noise 

Figure 19. Z86E07 Programming Waveform 
(EPROM Protect and Low EMI Program) 

Z86E07 CMOS zae 8-Brr 
OTP MICROCONTROLL.ER 



Note: 

Increment 
Address 

• To ensure proper operations during the spec., 
Zilog recommends verification over the Vee 
range of the device Vee spec. 

Start 

• 

Fall 

* 

Fall 

Figure 20. Z86E07 Programming Algorithm 

Z86E07 CMOS 'lJ' 8-BrT 
OTP MICROCONIROWR 
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ABSOLUTE MAXIMUM RATINGS 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V ss [Note 1] 
Voltage on V 00 Pin with Respect to V ss 
Voltage on Pin 7, 8, 9, 10 with Respect to V88 [Note 2] 
Total Power Dissipation 
Maximum Current out of V88 

Maximum Current into V00 

Maximum Current into an Input Pin [Note 3] 
Maximum Current into an Open-Drain Pin [Note 4] 
Maximum Output Current Sinked by Any 1/0 Pin 
Maximum Output Current Sourced by Any 1/0 Pin 
Total Maximum Output Current Sinked by Port 2 
Total Maximum Output Current Sourced by Port 2 

Notice: 
Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; functional operation of the 
device at any condition above those indicated in the 
operational sections of these specifications is not implied. 
Exposure to absolute maximum rating conditions for an 
extended period may affect device reliability. Total power 
dissipation should not exceed 462 mW for the package. 
Power dissipation is calculated as follows: 

Min Max 

-40 +105 
--65 +150 
--0.6 +12 
--0.3 +7 
--0.6 voo+1 

462 
84 
84 

--600 +600 
--600 +600 

12 
12 
70 
70 

Notes: 

Z86E07 CMOS zat 8-Brr 
OTP MICROCONTROLLER 

Units 

c 
c 
v 
v 
v 

mW 
mA 
mA 
µA 
µA 
mA 
mA 
mA 
mA 

[1) This applies to all pins except where otherwise noted. Maximum 
current into pin must be ±600µA. 

[2) There is no Input protection diode from pin to V00 (not applicable to 
EPROM Mode). 

[3) This excludes Pin 6 and Pin 7. 
[4) Device pin Is not at an output Low state. 

Total Power dissipation= V00 x [ 100 -(sum of 10 H)] +sum of [ (V00 - V0H) x 10 H] +sum of (VOL x IOL) 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 21 ). 

CAPACITANCE 

From Output 
UnderTest o-------• 

I 150pF 

Figure 21. Test Load Diagram 

TA = 25°C, V cc = GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

6-22 

Min 

0 
0 
0 

Max 

10 pF 
20 pF 
25 pF 



4'21Ul6 Z86E07 CMOS ZS' B-Brr 
OTP MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS 

TA'" 0°c to +70°C Typical 1111 
Symbol Parameter Vccl31 Min Max @25°C Units Conditions Notes 

VcH Clock Input High 4.5V 0.8 Vee Vee+0.3 2.4 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee Vee+0.3 2.6 v Driven by External 
Clock Generator 

VcL Clock Input Low 4.5V Vss--0.3 0.2 Vee 1.6 Driven by External 
Voltage Clock Generator 

5.5V Vss--0.3 0.2 Vee 2.3 v Driven by External 
Clock Generator 

VIH Input High Voltage 4.5V 0.7Vce Vee+0.3 2.1 v 
5.5V 0.7 Vee Vee+0.3 2.7 v 

V1L Input Low Voltage 4.5V Vss--0.3 0.2 Vee 1.2 v 
5.5V Vss--0.3 0.2 Vee 1.7 v 

VaH Output High Voltage 4.5V Vcc--0.4 3.9 v loH=-2.0mA [9] 
5.5V Vcc--0.4 5.4 v loH=-2.0mA (9] 

VaH Output Low Voltage 4.5V Vcc--0.4 v Low Noise@ (10] 
loH = --0.5 mA 

5.5V Vee--0.4 v Low Noise@ (10] 
loH = --0.5 mA 

Val Output Low Voltage 4.5V 0.4 v Low Noise@ (10] 
loL =+1 mA 

5.5V 0.4 v Low Noise@ (10] 
loL =+1 mA 

VoL1 Output Low Voltage 4.5V 0.4 0.2 v loL =+4.0 mA [9] 
5.5V 0.4 0.2 v loL =+4.0 mA [9] 

Val2 Output Low Voltage 4.5V 1.0 0.7 v loL = +12 mA, 
3 Pin Max [9] 

5.5V 0.8 0.5 v loL =+12mA, 
3 Pin Max [9) 

VoFFSET Comparator Input 4.5V 25 6 mV 
Offset Voltage 

5.5V 25 7 mV 

VRST Auto Reset Voltage 1.55 2.7 2.4 v 
l1L Input Leakage 4.5V -1.0 1.0 1.0 µA OV<V1N<Vec II (Input Bias Current 5.5V -1.0 1.0 1.0 µA OV<V1N<Vee 

of Comparator) 

loL Output Leakage 4.5V -1.0 1.0 1.0 µA V1N=OV, Vee 
5.5V -1.0 1.0 1.0 µA V1N=OV, Vee 

V1eR Input Common Mode 0 Vcc-1.0 v 
Voltage Range 
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4'2iUl6 Z86E07 CMOS 1J' 8-Brr 
OTP MICROCONTROUER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

T,= D"C to +70°C Typlcal[111 
Symbol Parameter Vccl31 Min Max @25°C Units Conditions Notes 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins [4,5,8,9] 
(Standard Mode) Floating@ 2 MHz 

5.5V 7.0 5.0 mA All Output and 1/0 Pins [4,5,8,9] 
Floating@ 2 MHz 

4.5V 9.0 4.5 mA All Output and 1/0 Pins [8,9] 
Floating @ 8 MHz 

5.5V 11.0 8.3 mA All Output and 1/0 Pins [8,9] 
Floating @ 8 MHz 

4.5V 10 6.1 mA All Output and 1/0 Pins [8,9] 
Floating@12 MHz 

5.5V 15 10.8 mA All Output and 1/0 Pins [8,9] 
Floating@ 12 MHz 

ICC1 Standby Current 4.5V 2.5 0.5 mA HALT mode VIN= av. [4,5,8,9] 
(Standard Mode) Vcc@2 MHz 

5.5V 4.0 1.0 mA HALT mode V1N = OV, [4,5,8,9] 
Vcc@2MHz 

4.5V 4.0 1.0 mA HALT mode VIN= OV, 
Vcc@8MHz 

[8,9] 

5.5V 5.0 2.0 mA HALTmodeVIN=OV, [8,9] 
Vcc@8MHz 

4.5V 5.0 1.3 mA HALT mode V1N = OV, [8,9] 

5.5V 7.0 2.3 mA 
Vcc@12MHz 
HALT mode VIN= OV, [8,9] 
Vcc@12MHz 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins [4,5,8,10] 
(Low Noise Mode) Floating @ 1 MHz 

5.5V 7.0 4.2 mA All Output and 1/0 Pins [4,5,8,10] 
Floating @ 1 MHz 

4.5V 6.0 2.9 mA All Output and 1/0 Pins [4,5,8,10] 
Floating@ 2 MHz 

5.5V 9.0 5.5 mA All Output and 1/0 Pins [4,5,8,10] 
Floating@ 2 MHz 

4.5V 8.0 4.4 mA All Output and VO Pins [4,5,8,10] 
Floating @ 4 MHz 

5.5V 11.0 7.9 mA All Output and 1/0 Pins [4,5,8,10] 
Floating @ 4 MHz 
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~2JUJG 

Symbol Parameter 

ICC1 Standby Current 
(Low Noise Mode) 

ICC2 Standby Current 

IALL Auto Latch Low Current 

IALH Auto Latch High Current 

Notes: 
[1] Ice, Typ 

0.3 
Crystal or XTAL Resonator 3.0 
Clock Driven 

[2] Vss = OV = GND 

Yccl31 

4.5V 

5.5V 

4.5V 

5.5V 

4.5V 

5.5V 

4.5V 

5.5V 

4.5V 
5.5V 

4.5V 
5.5V 

Max 
5.0 
5.0 

TA= 0°c to +70°C 
Min 

Unit 
mA 
mA 

Max 

1.2 

1.6 

1.5 

1.9 

2.a 

2.4 

1a 

1a 

1a 
15 

-7.a 
-7.a 

Freq 
BMHz 
BMHz 

[3] V cc must be in the allowed operating range (4.5V to 5.5V) prior to the 
minimum T POR time-out. V cc is specified at 4.5V to 5.5V. 
All outputs unloaded, 1/0 pins floating, inputs at rail. 
CL1 = CL2 = 100 pF. 
Same as Note [4] except inputs at Vee· 
Except clock pins and Port 3 input pins unless in EPROM Mode. 
Using resonator/or crystal (not by Clock Driver). 
Standard Mode (Low EMI not selected). 
Low EMI selected. 
Typical is Vee= 5.0V; Temperature= 25°C. 
For comparator inputs, the inputs must be in the common-mode range. 

Typical 
@25°C 

a.4 

a.9 

a.5 

0.8 

1.3 

1.a 

1.0 

6.a 
11.5 

-3.3 
-6.5 

[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 
[13] A 10 Megohm pull-down resistor may be required on the XTAL 1 clock input pin. 

Z86E07 CMOS zr 8-Brr 
OTP MICROCONTROLLER 

Units Conditions Notes 

mA HALT mode V1N= av.vcc [4,5,8,1a 
@1 MHz 

mA HALT mode V1N = av,v cc [4,5,8,1a 
@1 MHz 

mA HALT mode V1N = av,vcc [4,5,8,1a 
@2MHz 

mA HALT mode v1N = av ,v cc [4,5,8,1a 
@2MHz 

mA HALT mode V1N = av,v cc [4,5,8,1a 
@4MHz 

mA HALT mode V1N = av,v cc [4,5,8,1a 
@4MHz 

µA STOP mode V1N = av,vcc [4,5,8,1a 
WOT is not Running 

µA STOP mode V1N = OV,Vcc [4,5,8,10 
WOT is not Running 

µA aV<V1N<Vcc 
µA OV <VIN< Vee 

µA av< VIN< Vee 
µA QV <V1N<Vcc 
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AC ELECTRICAL CHARACTERISTICS 

Clock 

Figure 22. Electrical Timing Diagram 
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•au:n; Z86E07 CMOS Z8' 8-Brr 
OTP MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= 0°c to +70°C 
1 MHz 4MHz 

No Symbol Parameter Vccl3l Min Max Min Max Units Noles 

TpC Input Clock Period 4.5V 1000 DC 250 DC ns [1] 
5.5V 1000 DC 250 DC ns [1] 

2 TrC,T!C Clock Input Rise 4.5V 25 25 ns [1] 
and Fall Times 

5.5V 25 25 ns 

3 TwC Input Clock Width 4.5V 500 125 ns [1] 
5.5V 500 125 ns [1] 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 4.5V 2.5TpC 2.5TpC [1] 
5.5V 2.5TpC 2.5TpC [1] 

6 TpTin Timer Input Period 4.5V 4TpC 4TpC [1] 
5.5V 4TpC 4TpC [1] 

7 Tr Tin, Timer Input Rise 4.5V 100 100 ns [1] 
TtTin and Fall Timer 

5.5V 100 100 ns [1] 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time 

5.5V 70 70 ns [1,2] 

9 TwlH Int. Request Input 4.5V 2.5TpC 2.5TpC [1] 
High Time 

5.5V 2.5TpC 2.5TpC [1,2] 

10 Twdt Watch-Dog Timer 4.5V 15 15 ms [1,3] 
Delay Time 

5.5V 10 10 ms [1,3] 

11 TPOR Power-On 4.5V 15 10 ms [1] 
Reset Time 5.5V 15 10 ms [1] 

Notes: 
[1] Timing Reference uses 0.7 V00 for a logic 1 and 0.2 Vee fora logic O. 
[2] Interrupt request through Port 3 (P33-P31). 
[3] Delay time between WOT refresh. 

II 
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'P211.C113 za&E07 CMOS Z8' a.arr 
OTP MK:ROCONIROUER 

AC ELECTRICAL CHARACTERISTICS 
Standard Mode, Standard Temperature 

r •• D°C lo +70°C 
8MHz 12MHz 

No Symbol Paramalar Yccl3J Min Max Min Max Unlls Noles 

TpC Input Clock Period 4.5V 125 DC 83 DC ns [1] 
5.5V 125 DC 83 DC ns [1] 

2 TrC,TfC Clock Input Rise 4.5V 25 15 ns [1] 
and Fall Times 

5.5V 25 15 ns 

3 TwC Input Clock Width 4.5V 62 41 ns [1] 
5.5V 62 41 ns [1] 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 4.5V 5TpC 5TpC [1] 
5.5V 5TpC 5TpC [1] 

6 TpTin Timer Input Period 4.5V 8TpC 8TpC [1] 
5.5V 8TpC 8TpC [1] 

7 Tr Tin, Timer Input Rise 4.5V 100 100 ns [1] 
TIT in and Fall Timer 

5.5V 100 100 ns [1] 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2) 
Low Time 

5.5V 70 70 ns [1,2) 

9 TwiH Int. Request input 4.5V 5TpC 5TpC [1] 
High Time 

5.5V 5TpC 5TpC [1,2) 

10 Twdt Watch-Dog Timer 4.5V 15 15 ms [1,3) 
Delay Time 

5.5V 10 10 ms [1,3) 

11 TPOR Power-On 4.5V 15 10 ms [1] 
Reset Timer 5.5V 15 10 ms [1] 

Notea: 
[1] Timing Reference uses 0.7V00 for a logic 1and0.2 V00 for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
[3] Delay time between WOT refresh. 
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Z811 CONTROL REGISTERS 

R241TMR 

R242T1 

R243PRE1 

No Function 
Lo&dTO 

0 Disable TO Count 
1 Enable TO Count 

0 No Function 
1 LoadT1 

0 Disable T1 Count 
1 Enable T1 Count 

T1NModes 
00 External Clock Input 
01 Gate Input 
1 o Trigger Input 

(Non-retrlggarable) 
11 Trigger Input 

(Retrlggerable) 

ReS91Ved (Must be O) 

Figure 23. Timer Mode Register 
(F1H: Read/Write) 

T1 lnltlal Value 
(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 
T 1 Current Val1.19 
(When READ) 

Figure 24. Counter Timer 1 Register 
(F2H: Read/Write) 

CountModa 
0 = T 1 Single Pass 
1•T1 ModuloN 

Clock Source 
1 • T 1 Internal 
o = T 1 External Timing Input 
(TN) Mode 

Presceler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 25. Prescaler 1 Register 
(F3H: Write Only) 

R244TO 

R245 PREO 

R246 P2M 

R247P3M 

Z86E07 CMOS ZS' a.err 
OTP MICROCONTROlilR 

l"o_lnltial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 
To Current Val1.19 
(When READ) 

Figure 26. Counter/Timer 0 Register 
{F4H: Read/Write) 

Count Mode 
0 = T 0 Single Pass 
1 = T 0 Modulo-n 

Reserved (Must be O.) 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 27. Prescaler 0 Register 
(FSH: Write Only) 

P2 7 - P2o VO Definition 
O Defines Bit as OUTPUT 
1 Defines Bit as INPUT 

Figure 28. Port 2 Mode Register 
{F6H: Write Only) 

O Port 2 Pull-Ups Open-Drain 
1 Port 2 Pull-UpsActlve 

Port3 Inputs 
0 Dlgltal 
1Analog 

Reserved (Must be O.) 

Figure 29. Port 3 Mode Register 
(F7 H: Write Only) 

6-29 



ZS CONTROL REGISTERS (Continued) 

R248 P01M 

R2491PR 

-.,.... 

R250 IRQ 

6-30 

P03- P00 Mode 
00=0U1put 
01 =Input 

Reserved (Must be 1.) 

Reserved (Must be O.) 

Figure 30. Port O and 1 Mode Register 
(F8H: Write Only) 

T I Interrupt Group Priority 
Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A=100 
C>B>A=101 
B>A>C=110 
Reserved • 111 

IRQ1, IRQ4 Priority (Group C) 
0 • IRQ1 > IRQ4 
1 = IRQ4 > IRQ1 

IRQO, IRQ2 Priority (Group B) 
0 = IRQ2 > IRQO 
1 = IRQO > IR02 

IRQ3, IRQS Prlotlty (GroupA) 
O = IRQS > IRQ3 
1 = IRQ3 > IRQ5 

Reserved (Must be 0.) 

Figure 31. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input ! 
IRQ1 = P33 Input ! 
IRQ2 = P31 Input! 
IRQ3 = P32 Input t 
IRQ4=TO 
IR05=T1 
Reserved (Must be O.) 

Figure 32. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

Z86E07 CMOS zst 8-Brr 
OTP MICROCONTROLLER 

1~1~1~1~1001~1~1001 

j ..___I -

1 Enables IRQO-IRQ5 
(00 =IRQO) 

Reserved (Must be O.) 

1 Enables Interrupts 

R252 Flags 

R255SPL 

Figure 33. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 34. Flag Register 
(FC": Read/Write) 

Register (Must be 0.) 

Register Pointer 

Figure 35. Register Pointer 
(FDH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 • SP o) 

Figure 36. Stack Pointer 
(FFH: Read/Write) 



Z86E07 CMOS ZB' 8-Bll 
OTP MICROCONTROUER 

OPERATING MODES 

Current 16 --...---.---.---...---.--..--...---.---.---
(ma) lccatS.SV 

14 / 

12 y 
10 ~ 
8 
~ ~_J_-.f.--f--t __ 1 1ccat4.0V 

~ ~ lcc1at5.5V 
6 l---+---+,,,~o.+---+---f--1---+--+---,="'"--""" 

~ ~ 
4 t..,,,,,,..-~f l=±~~=~=~==~F~t--t-t""""11cc1 at4.0V 
2 .__...__....__ ...... _ ...... _____ ..__...__....__ ...... _ _, 

2 3 4 5 6 7 8 9 10 11 12 

Frequency (MHz) 

Figure 37. Maximum •cc and lcc1 vs Frequency In Standard Mode 

Currant v Ice ats.sv 
(ma) 

101---+---l---+---+----+----+-----+---+----+-~,.L-1---1 

9J---+--+--+---+--+-+~~~-+v-+-~ y 
a~--+----+---+-~k1~~-.-+--+--+---+--t 

71---+---+---+--+--~"'f'---t---+---+---+--+--I y 
6 1---+---+0--fl"tfl"'--+---+-_,~-r---t---..,,,,.-+V--+V-"""" 1ccat4.ov 
51---+-17"~...Lc,c.+~+----+~-+----l~-+-~1-=-'=+-~+--t 

I' v-f" 
41----t-~-t-~+---t-~-t-----,,...~~"---r-~1---+~-+----1 

~ 3 1----+--+--+:..,,....,,.:+--+---l---l---+----+---+--I vr 
21---4'~"'---t-~+--+-~-+-~+--+-~-+-~+--+~-I 

I __ t:t~t=~=t=t~*;*~~:~=~lcc1 ats.sv t lcc1 at 4.0V 
0 ___ ._ _______ ...__ .... __________ ..... _ _.__ .... 

1 2 3 4 5 6 7 8 9 10 11 12 

Frequency (MHz) 

Figure 38. Typical •cc and •cci vs Frequency In Standard Mode 
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OPERATING MODES (Continued) 

6-32 

Currant 8 .._ ___________ _ 

(ma) 
7 

~ Ice at 5.5V 

_,lr;' 
6 1--+--+---:;;""',.,,,,.""'--t-•-t----1 

51----r...~,.,,,-1-~~t----1-~r--~ 
4K 

I~ 
3 l--+---1=..-~i..---""'--t-l-+----1 

2~ 

lccat4.0V 

lcc1 at5.5V l;==of--=-F--r---r---r--m lcc1 at 4.0V 
0 .__..._ __ .._ __ ...... _________ _.~ 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequancy (MHz) 

Figure 39. Typical Ice and lcc1 vs Frequency In Low EMI Mode 

Currant 11 ---------------1 ~ Ice at 5.SV 
(ma) 10 ~ 

1----+~-t-__ ~1--1~,~~q---t 

91---+--"""""'°'--+---l----+---I 

8 t----,il"l/~--t-----t--r---+--- Ice at4.0V 

7~ ~ 

3 t--+---+---+---+----t-----1 

2 t--+---+---+---+----t-----1 
....i lcc1 at 5.5V 

b=k=:b::::::~;;;;:::f:==t=9 lcc1 at4.0V 0 ..._ __________________ ..... __ .... 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequancy (MHz) 

Figure 40. Maximum •cc and lcc1 vs Frequency In Low EMI Mode 

Z86E07 CMOS Z8' 8-BIT 
OTP MICROCONlROLLER 



<t'2H.Jl6 Z86E07 CMOS ZS' 8-BIT 
OTP MICROCONTROLLER 

Time 80 ---------------------..----------------.-----(ms) 

75 t-----+---+----+----t---+----+---ir-----:::o..., 4.0V 
I __.r--

70 1-----+---+---+-----t---+--=---~i.,....----:::..__-+-l_---1 v-r-65 

60 
~ 

4.5V 

55 
5.0V 

50 

45 5.5V 

~~ 
40 ..- -r--

t==:==t=====t===::::~=--r""""'=-i---r--~--1 Temp 
35 ~.--............................... --............................................................ .__ ........ _.. ____ ........ ____ ,__ 

-5°c 25°c 75°C 

Time 34 
(ms) 

32 

30 

28 

26 

Figure 41. Typical POR Time Out Period vs Temperature 

~ 4.0V 
1----+---+---+---+---+---+-----t-;;;o----I 

,.6 

--

1 ---+"""" 
i--- I .....- 4.5V 

1----+--:::;;;oo-t-'=--t---+---t---+----±=----'"""'"""-1 
i---r J---1 

24 -- I 

22 ~ t---+i-----i--1=-""F"---+----+-----i-111--____,-+i------=__... 5.0V 

20 ~ ....--- i-- I 

18 
J--- 5.5V 

16 

14 ~i-............................... __. ____ _._ ____ ..._ ____ ~ __ _... ____ ...._ __ ~ Temp 

-s·c 25°c 75°C 

Figure 42. Typical WOT Time Out Period vs Temperature 
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INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRA 

Ir 
x 
DA 
RA 
IM 
R 
r 
IA 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working register address only 
Indirect-register or indirect working
register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

6-34 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack pointer 
Program counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86E07 CMOS ZS' 8-BIT 
OTP MJCROCONlROLLER 

Flags. Control register (R252) contains the following six 
flags. 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 



't'2il.CJ6 Z86E07 CMOS ZS' 8-Brr 
OTP MICROCOHTROLLER 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always true 
0111 c Carry C=1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 ov Overflow V=1 
1100 NOV No overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not equal Z=O 
1001 GE Greater than or equal (S XORV)=O 
0001 LT Less than (S XORV)=1 
1010 GT Greater than [Z OR (S XOR V)]=O 
0010 LE Less than or equal [Z OR (S XOR V)]=1 

1111 UGE Unsigned greater than or equal C=O 
0111 ULT Unsigned less than C=1 
1011 UGT Unsigned greater than (C = 0 AND Z=0)=1 
0011 ULE Unsigned less than or equal (COR Z)=1 
0000 F Never true (Always False) 
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4'211.m 
INSTRUCTION FORMATS 

OPC 

dst OPC 

CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

INCr 

Z88E07 CMOS 'Zf' 8-BIT 
OTP MICROCONTROLI.eR 

One-Byte Instructions 

OPC I MODE I CLR, CPL, DA, DEC, 
dst/sro CR f 1 1 1 o j dsl/src I DECW, INC, INCW, • ... ____ ...__ ... POP, PUSH, RL, RLC, 

OPC 

VALUE 

a:I~ 
MODE I OPC 
dsl/sro • 8roldst 

dsl/sro I OPC 
___ ._rcldst ___ .. CR I 111 0 I SIC 

dsl I OPC 
VALUE 

dsl/CC I OPC 

RA 

FFH 

RR, ARC, SRA, SWAP 

JP, CALL (Indirect) 

SAP 

ADC, ADD, ANO, CP, 
OR, SBC, SUB, TCM, 
TM, XOR 

LD, LDE, LDEI, 
LDC,LDCI 

LD 

LD 

DJNZ,JR 

STOP/HALT 

TWo-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
'+-'. For example: 

dst +- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

6·36 

E 

CR 1110 

CR 1110 

CRf1110! 

SIC 

dst 

dst 

SIC 

dst 

~ ~ _1_11_0 __ _ 

t::D"" 1110 

MODEj OPC 

dsllsrc J x 
ADDRESS 

~ 
t:Ij 

~ 
t:::E:::j 

ADC, ADO, AND, CP, 
LD, OR, SBC, SUB, 
TCM,TM,XOR 

ADC, ADD, AND, CP, 
LD, OR, SBC, SUB, 
TCM,TM,XOR 

LD 

LD 

CALL 

Three-Byte Instructions 

notation 'addr (n)' is used to refer to bit (n) of a given 
operand location. For example: 

dst(7) 

refers to bit 7 of the destination operand. 



4\2JLm Z86E07 CMOS 'II 8-BIT 
OTP lllCROCONTROLLER 

INSTRUCTION SUMMARY 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mod a Byta Flags Affected 
and Operation dst src (Hex) CZSVDH and Operation dst src (Hax) CZSVDH 

ADC dst, src t 1( 1 ****O* INCdst rE - * * * - -
dst+-dst + src +C dSl+-dsl+ 1 r=O-F 

t O[ I ****o* 
R 20 

ADDdst, src IR 21 
dsl+-dst + src 

INCWdst RR AO - * * * - -ANDdst,src t 5! I - * * 0 dsl+-dSI+ 1 IR A1 
dsl+-dst AND src 

IRET BF ****** CALLdst DA D6 - - - - - - FLAGS+-@SP; 
SP+-SP-2 IRR D4 SP+-SP+ 1 
@SP+-PC, PC+-®SP; 
PC+-dSI SP+-SP+2; 
CCF EF * - - - - - IMR(7)+-1 
C+-NOTC JP cc, dst DA cD - - - - - -
CLRdsl R BO - - - - if cc is true, C=O-F 
dst+-0 IR B1 PC+-dsl IRR 30 

COMdsl R 60 * * 0 JR CC, dsl RA CB - - - - - -
dst+-NOT dst IR 61 if cc is true, C=O-F 

PC+-PC+dst 
CP dst, src t A[ I ****-- Range: +127, -128 
dst-src 

LD dst, src Im re - - - - - -
DAdst R 40 ***X-- dst+-src r R r8 
dsl+-DAdsl IR 41 R r r9 

r=O-F DECdst R 00 - * * * - - r x C7 dst+-<lst -1 IR 01 x r D7 
DECWdst RR 80 - * * * - - r Ir E3 
dst+-dst-1 IR 81 Ir r F3 

R R E4 
DI BF R IR E5 
IMR(7)+-0 R IM E6 

DJNZr, dsl RA rA IR IM E7 

r+-r-1 r=O-F IR R F5 

if r :it O LDCdst, src Irr C2 - - - -
PC+-PC+dsl dst+-src 
Range: +127, -128 

II LDCI dsl, src Ir Irr C3 - - - -
El 9F dst+-SfC 
IMR(7)+-1 r+-r+ 1; 

HALT 7F rr+-rr + 1 
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•21UJ6 Z86E07 CMOS zae 8-BIT 
OTP MICROCONTROLLER 

INSTRUCTION SUMMARY (Continued) 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z S V DH and Operation dst src (Hex) CZSVDH 

NOP FF STOP 6F 

OR dst, src t 4[ I - * * 0 SUB dst, src t 21 I * * * * * 
dslt-dst OR src dst t-dst-src 

POPdst R 50 - - - - - - SWAPdst R FO x * * x 
dstt-@SP; IR 51 11C!J IR F1 
SPt-SP + 1 •I 

PUSH src R 70 - - - - - -
SPt-SP-1; IR 71 TCM dst, src t 6[ l - * * 0 - -
@SPt-src (NOT dst) 

RCF CF 0 -
AND src 

- - - -
Ct-0 TMdst,src t 7[ l - * * 0 - -

dst AND src 
RET AF - - - - - -
PCt-@SP; WDH 4F 
SPt-SP+2 

WOT 5F x x x -
RL dst R 90 ****--
~ IR 91 XOR dst, src t 8[ l - * * 0 

dstt-dst XOR src 

RLC dst R 10 ****-- t These instructions have an identical set of addressing modes, which 

L0={t5}J IR 11 are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

RR dst R ED ****-- applicable addressing mode pair. 

cm ctt:::j}J IR E1 For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

RRC dst R co ****--
~ 

IR C1 Address Mode Lower 
dst src Opcode Nibble 

SBC dst, src t 3[ I * * * * 1 * [2] 
dst t-dst-src-C 

SCF DF 
Ir [3] 

Ct-1 R R [4] 

SRA dst R DO * * * a 

~ 
IR 01 R IR [5] 

R IM (6] 

SRP dst Im 31 - - -
RPt-src 

- - - IR IM [7] 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 

6.5 
RLC 

R1 

6.5 
2 INC 

R1 

8.0 
3 JP 

IRR1 

8.5 
4 DA 

R1 

10.5 
5 POP 

R1 

6.5 
6 COM 

i R1 

:5. 10/12.1 
PUSH 

R2 ! 7 

z 10.5 
DECW 

RR1 l 8 

:::> 
6.5 

9 RL 
R1 

10.5 
A INCW 

RR1 

6.5 
B CLR 

R1 

6.5 
c RRC 

R1 

6.5 
D SRA 

R1 

6.5 
E RR 

R1 

8.5 
F SWAP 

R1 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 

6.5 6.5 
RLC ADC 
IR1 r1, r2 

6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP sec 
IM r1, r2 

8.5 6.5 
DA OR 
IR1 r1, r2 

10.5 6.5 
POP AND 
IR1 r1, r2 

6.5 6.5 
COM TCM 
IR1 r1, r2 

12114.1 6.5 
PUSH TM 

IR2 r1, r2 

10.5 
DECW 

IR1 

6.5 
RL 
IR1 

10.5 6.5 
INCW CP 

IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 

6.5 12.0 
RRC LDC 
IR1 r1, lrr2 

6.5 
SRA 
IR1 

6.5 
RR 
IR1 

8.5 
SWAP 

IR1 

2 

Execution 
Cycle 

Firs 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 

6.5 10.5 
SBC SBC 
r1, lr2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 

6.5 10.5 
AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 

6.5 10.5 
CP CP 

r1, lr2 R2, R1 

6.5 10.5 
XOR XOR 
r1, lr2 R2, R1 

18.0 
LOCI 

lr1, lrr2 

20.0 
CALL" 
IRR1 

6.5 10.5 
LD LD 

r1, IR2 R2, R1 

6.5 
LD 

lr1, r2 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1,IM IR1,IM r1, R2 r2, R1 

10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1,IM 

10.5 10.5 10.5 
sec SBC SBC 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1,IM IR1, IM 

10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1,IM 

10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1,IM IR1,IM 

10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1.IM IR1, IM 

10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1. IM IR1, IM 

10.5 
LD 

r1.x,R2 

20.0 10.5 
CALL LD 

DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

IR2, R1 R1, IM IR1. IM 

10.5 
LD 

' ' R2, IR1 

T 

3 
Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86E07 CMOS Z8' 8-Brr 
OTP MICROCONTROLLER 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LD 
r1, RA cc, RA r1,IM 

' 

Legend: 
R = 8-bit address 
r = 4-bit address 

' 

R1 or r1 = Dst address 
R 2 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

cc.DA 

"'V' 
3 

Note: Blank areas are reserved. 

• 2-byte instruction appears as a 
3-byte instruction 

E F 

6.5 
INC 
r1 

1---

r--

I---

r--w-
WDH 

rs:o 
WOT 

r-s.o 
STOP 

t?,o 
HALT 

rs.;-
DI 

~ 
El 

7o"" 
RET 

f-;s.o 
IRET 

r-s:s-
RCF 

rs.s 
SCF 

r-s:s-
CCF 

rs.a 
' 

NOP 

J .,.. 
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PACKAGE INFORMATION 

SYMBOL MILLIMETER 
HIN MAX 

Al o.s1 0.81 
El A2 3.25 3.43 

B 0.38 0.53 
Bl 1.14 1.65 
c 0.23 0.38 

1------ D ----oi D 22.35 23.37 
E 7.62 8.13 
El 6.22 6.48 

INCH 
MIN 
.020 

.128 

.015 

.045 

.009 

.880 

.300 

.245 

Z86E07 CMOS ZS' II-BIT 
OTP MICROCONTROLLER 

HAX 

.032 

.135 

.021 

.065 

.015 

.920 

.320 

.255 

II 2.54 TYP .100 TYP 

s 

6-40 

•A 7.87 8.89 .310 
L 3.18 3.81 .125 
QI 1.52 1.65 .060 
s 0.89 !.65 .035 

CONTROLLING DIMENSIONS ' INCH 

Iii B 

18-Pin DIP Package Diagram 

.------ D -----. 

E 

~QI 

CONTROLLING DIHENSIDNS • MM 
LEADS ARE CDl'l.lllWI VITHIN .004 INCH. 

SYMBOL 

A 
Al 
A2 
I 
c 
D 
E 

• M 

h 

L 
QI 

, 
I 

J 
H 

MILLIMETER 
MIN MAX 

2.40 2.65 

D.10 0.30 

2.c!4 2.44 

0.36 0.46 
0.23 0.30 

l!.40 11.75 

7.40 7.60 
1.27 TYP 

10.00 ID.65 
0.30 0.40 
0.60 1.00 
0.97 1.01 

18-Pln SOIC Package Diagram 

INCH 
MIN MAX 

Jl'14 .\04 

.004 .012 

.088 -.G14 .018 

.009 .012 

.449 .463 

.291 J!99 
.O~ TYP 

.394 .419 

.012 .Gl6 

.G24 .039 

.038 .042 

.350 

.150 

.065 

.065 



ORDERING INFORMATION 

Z86E07 (12 MHz) 
Standard Temperature 
DIP SOIC 

ZB6E0712PSC Z86E0712SSC 

Z86E07 CMOS zse 8-BIT 
OTP MICROCONTROLLER 

For fast results, contact your local Zilog sales office or technical center for assistance in ordering the part desired. 

CODES 

Preferred Package 
P =DIP 

Longer Lead Time 
S =SOIC 

Preferred Temperature 
S = 0°c to +70°C 

Speed 
12 = 12 MHz 

Environmental 
C= Plastic Standard 

Example: 
Z 86E07 12 P S C 

~ 
is a Z86E07, 12 MHz, DIP, 0°C to+ 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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ZB&C30/C31 CMOS ZB® B·Bit CCP™ II 
Consumer Controller Processors 





•2iun~ 

FEATURES 

• The Z86C30/C31 Devices Have the Following 
General Characteristics: 

Part ROM RAM Speed 
Z86C30 4 Kbyte 236 Bytes 12 MHz 
Z86C31 2 Kbyte 124 Bytes 8MHz 

• 28-Pin Package Styles (DIP, SOIC, PCB Chip Carrier) 

• 3.0 to 5.5 Volt Operating Range 

• Operating Temperature: -40°to+105°C 

• Low Power Consumption: 50 mW (Typical) 

• Fast Instruction Pointer: 1.5 µs@ 8 MHz (Z86C31), 
1.0 µs @ 12 MHz (Z86C30) 

• Two Programmable 8-Bit Counter/Timers Each 
with a 6-Bit Programmable Prescaler 

• Two Standby Modes: STOP and HALT 

• ROM Protect Option 

• RAM Protect Option {Z86C30 Only) 

GENERAL DESCRIPTION 

The Z86C30/C31 CCP™ (Consumer Controller Proces
sors) are members of Zilog's the za~ single-chip micro
controller family with enhanced wake-up circuitry, pro
grammable watch-dog timers and low noise/EM! options. 
These enhancements result in a more efficient, cost
effective design and provide the user with increased 
design flexibility over the standard ZS microcontroller 
core. With 4K/2K bytes of ROM and 236/124 bytes of RAM 
for the Z86C30 and Z86C31, respectively, these low cost, 
low power consumption CMOS microcontrollers offer fast 
execution, efficient use of memory, sophisticated inter
rupts, input/output bit manipulation capabilities, and easy 
hardware/software system expansion~ 

PRODUCT SPECIFICATION 

Z86C30/C31 
CMOS ZS® 8-BIT CCP™ 
CONSUMER CONTROLLER PROCESSORS 

• 24 Input/Output Lines (Two with Comparator Inputs) 

• Seven Digital Inputs CMOS Levels, Schmitt-Triggered 

• Three Digital Inputs CMOS Levels 

• Three Expanded Register File Control Registers 

• Low Voltage Protection 

• Watch-Dog/Power-On Reset Timers 

• Two Comparators with Programmable Interrupt Polarity 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator. LC, RC, or External Clock Drive . 

• Software Programmable Low EMI Mode 

• Open-Drain Mode on Three Ports 

• Auto Latches 

The Z86C30/C31 architecture is characterized by Zilog's 
8-bit microcontroller core with an Expanded Register File 
to allow easy access to register mapped peripheral and 
1/0 circuits. These devices offer a flexible 1/0 scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many indus
trial, automotive, and industrial applications. 

For applications demanding powerful 1/0 capabilities. the 
Z86C30/C31 provides 24 pins dedicated to input and 
output. These lines are grouped into three ports, eight lines 
per port, and are configurable under software control to 
provide timing, status signals, and parallel 1/0 with or 
without handshake. 
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GENERAL DESCRIPTION (Continued) 

Three basic address spaces are available to support this 
wide range of configurations: Program Memory, Register 
File, and Expanded Register File. The Register File is 
composed of 236/124 bytes of general-purpose registers, 
three 1/0 port registers and 15 control and status registers. 
The Expanded Register File consists of three Control 
registers. 

To unburden the system from coping with real-time tasks, 
such as counting/timing and input/output data communi
cation, the Z86C30/C31 offers two on-chip counter/timers 
with a large number of user-selectable modes, and on
board comparators to process analog signals with a com
mon reference voltage (Figure 1). 

OUTPUT INPUT vcc 

i 

With powerful peripheral features such as on-board com
parators, counter/timer(s), Watch-Dog Timer (WOT), the 
Z86C30/C31 meets the needs of a variety of sophisticated 
controller applications. 

Notes: 
All Signals with a preceding front slash, ·r. are active Low, e.g .. 
BINI (WORD is active Low); /B/11'1 (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

GND 

i 
XTAL 

Circuit 

Vee 
GND 

Device 

Machine 
..-----. .------,. llming & Inst. 

Control 

1/0 
(Bit Programmable) 

Figure 1. Z86C30/C31 Functional Block Diagram 
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't'2iUl6 Z86C30/C31 CMOS 1J9 CCP'" 
II-Brr MICROCONTROLLBIS 

PIN DESCRIPTION 

Table 1. 28-Pln DIP* Pin Identification 
P25 28 P24 

P26 2 27 P23 
Pin# Symbol Function Direction 

P27 3 26 P22 1-3 P25-27 Port 2, Pins 5,6,7 In/Output 
4-7 P04-07 Port 0, Pins 4,5,6,7 In/Output 

P04 4 25 P21 8 Vee Power Supply 
P05 5 24 P20 9 XTAL2 Crystal Oscillator Output 

P06 6 Z86C30 23 P03 10 XTAL1 Crystal Oscillator Input 

P07 7 and 22 vss 11-13 P04-07 Port 3, Pins 1,2,3 Fixed Input 
Z86C31 14-15 P34-35 Port 3, Pins 4,5 Fixed Output 

VDD 8 21 P02 16 P37 Port 3, Pin 7 Fixed Output 
XTAL2 9 20 P01 17 P36 Port 3, Pin 6 Fixed Output 

XTAL1 10 19 POO 18 P30 Port 3, Pin 0 Fixed Input 

P31 11 18 P30 19-21 P00-02 Port 0, Pins 0, 1,2 In/Output 
22 GND Ground 

P32 12 17 P36 23 P03 Port 0, Pins 3 In/Output 

P33 13 16 P37 24-28 P20-24 Port 2, Pins 0, 1,2,3,4 In/Output 

P34 14 15 P35 Note: 
• SOIC style package is Identical in pin identification and configuration. 

Figure 2. 28-Pin DIP* Pin Configuration 

~l'-<O in «t C')C\I Table 2. 28-Pln PCB Chip carrier Pin Identification 
Q.~~~~~~ 

Pin# Symbol Function Direction 

1-3 P25-27 Port 2, Pins 5,6,7 In/Output 
P05 P21 4-7 P04-07 Port 0, Pins 4,5,6,7 In/Output 
P06 P20 8 Vee Power Supply 

P07 P03 9 XTAL2 Crystal Oscillator Output 

VDD vss 10 XTAL1 Crystal Oscillator Input 
XTAL2 P02 11-13 P04-07 Port 3, Pins 1,2,3 Fixed Input 
XTAL1 P01 14-15 P34-35 Port 3, Pins 4,5 Fixed Output 

P31 POO 16 P37 Port3, Pin 7 Fixed Output 
17 P36 Port3, Pin 6 Fixed Output 

~~~~~~~ 
18 P30 Port3, Pin 0 Fixed Input 
19-21 P00-02 Port 0, Pins 0, 1,2 In/Output 
22 GND Ground 
23 P03 Port 0, Pins 3 In/Output 

Figure 3. 28-Pln PCB Chip Carrier Pin Configuration 24-28 P20-24 Port 2, Pins 0, 1,2,3,4 In/Output 

fl 
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PIN FUNCTIONS 

XTALt. Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network or external single-phase clock to the on-chip 
oscillator input. 

XTAL2. Crystal 2(time-based output). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network to the on-chip oscillator output. 

Port 0 (P07-POO). Port 0 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be nibble 
programmed as P03-POO input/output and P07-P04 input/ 

Open-Drain 

OEN 

Out 

Z86C30 
and 
Z86C31 

Z86C3111C31 CMOS 'lJ8 CCP .. 
8-Brr MlcROCONTROUERS 

output, separately. The input buffers are Schmitt-Trig
gered and nibbles programmed as outputs can be glo
bally programmed as either push-pull or open-drain. Low 
EMI output buffers can be globally programmed by the 
software. Port 0 can also be used as a handshake 1/0 port. 

In Handshake Mode, Port 3 lines P32 and P35 are used as 
handshake control lines. The handshake direction is deter
mined by the configuration (input or output) assigned to 
Port O's upper nibble. The lower nibble must have the same 
direction as the upper nibble (Figure 4). 

Port 0 (110) 

Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 

PAD 

1.5 ._... 2.3 Hysteresis @ VCC = 5.0V 

In 

Figure 4. Port O Configuration 
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Z86C30IC31 CMOS zae CCP"' 
8-Bll' t.kRocoNTROLLERS 

Port 2 (P27-P20). Port 2 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control as inputs or outputs, indepen
dently. All input buffers are Schmitt-Triggered. Bits pro
grammed as outputs may be globally programmed as 
either push-pull or open-drain. Low EMI output buffers can 

be globally programmed by the software. When used as 
an 1/0 port, Port 2 can be placed under handshake control. 
In Handshake Mode, Port 3 lines P31 and P36 are used as 
handshake control lines. The handshake direction is deter
mined by the configuration (input or output) assigned to bit 
7 of Port 2 (Figure 5) 

0 en-Drain 

OEN 

Out 

In 

Z86C30 
and 
Z86C31 

Port 2 (1/0) 

Handshake Controls 
/OAV2 and RDY2) 
(P31 and P36) 

1.5,..... 2.3 Hysteresis @ VCC = 5.0V 

-------------- -. I 
I I 
I I 
I R=500K'2 I ------------------' 
Figure 5. Port 2 Configuration 

PAD 

Auto Latch 
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PIN FUNCTIONS (Continued) 

Port3 (P37·P30). Port 3 is an 8-bit, CMOS compatible port. 
These eight lines consist of four fixed inputs (P33-P30) and 
four fixed outputs (P37-P34), and can be configured under 
software for interrupt and port handshake functions. Port 3 
pin 0 input is Schmitt-triggered. Pins P31, P32 and P33 are 
standard CMOS inputs (no auto latches) and pins P34, 
P35, P36, P37 are push-pull output lines. Two on-board 
comparators can process analog signals on P31 and P32 
with reference to the voltage on P33. The comparator 
output can be outputted from P34 and P37, respectively, 
by setting PCON register (PCON) bit DO to 1. The analog 

Z86C30 
and 

Z86C31 

Z86C3WC31 CMOS 'r CCP"' 
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function is enabled by programming the Port 3 Mode 
Register (P3M) (bit 01) for interrupt function. P30 and P33 
are falling edge interrupt inputs. P31 and P32 are program
mable as falling, rising, or both edge triggered interrupts 
(IRQ register bits 6 and 7). In Analog Mode, P33 is the 
comparator reference voltage input. 

Access to Counter/Timer 1 is made through P31 (T1N} and 
P36 (T ovrl· Handshake lines for Ports 0 and 2 are available 
on P3 pin 1 through 6 (Figure 6). 

Ports 
(1/0 or Control) 

i-------------------------, I 1 Auto Latch 
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P31 (AN1) 

P32(AN2) 

P33(REF) 

I I I R=500Kn 1 

L-------------------------J 
R247= P3M 

1 =Analog 
O• Digital 

From stop-M!::ode:-------...;._.. ____ IR01, P33 Data Latch 

Recovery Source o , 
Figure 6. Port 3 Configuration 

P30 Data 
Latch IRQ3 
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Table 3. Port 3 Pin Assignments 

Pin 1/0 CTC1 Analog Int. POHS P2HS 

P30 IN IRQ3 
P31 IN T,N AN1 IRQ2 D/R 
P32 IN AN2 IRQO D/R 
P33 IN REF IRQ1 

P34 OUT AN1-0UT 
P35 OUT R/D 
P36 OUT Tour R/D 
P37 OUT AN2-0UT 

Notes: 
HS = Handshake Signals 
D= DAV 
R=RDY 

Comparator Inputs. Port 3 Pin P31 and P32 each have a 
comparator front end. The comparator reference voltage, 
Pin P33, is common to both comparators. In analog mode, 
the P31 and P32 are the positive inputs to the comparators, 
and P33 is the reference voltage supplied to both com
parators. In analog mode, the P31 and P32 are the positive 
inputs to the comparators, and P33 is the reference volt
age supplied to both comparators. In digital mode, pin P33 
can be used as a P33 register input or IRQ1 source. The 
comparator outputs can be programmed out on P34 and 
P37 by setting the PCON register bit DO to a 1 state. 

zs&c30/C31 CMOS zae ccPN 
8-BIT MICROCONTROLLERS 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33, P32, P31) that are not externally 
driven. Whether this is 0 or 1, cannot be determined. A 
valid CMOS level, rather than a floating mode, reduces 
excessive supply current flow is the input buffer. 

Note: Deletion of all port pin auto latches is available as a 
ROM mask option. The auto latch delete option is selected 
by the customer when the ROM code is submitted. P01 M 
reg. bit D4 and D3 must be 'O" with the Auto Latch Delete 
option. 

LowEMI Emission. TheZ86C30/C31 can be programmed 
to operate in a low EMI emission mode in the PCON 
register. The oscillator and all 1/0 ports can be pro
grammed as low EMI emission mode independently. Use 
of this feature results in: 

• The pre-drivers slew rate reduced to 1 O ns typical. 

• Low EMI output drivers have resistance of 200 Ohms 
(typical). 

• Low EMI Oscillator. 

• Internal SCLK/TCLK = XTAL operation limited to a 
maximum of 4 MHz - 250 ns cycle time, when Low EMI 
Oscillator is selected and system clock (SCLK = XTAL, 
SMR Reg. Bit D1 =1). 

7-7 
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FUNCTIONAL DESCRIPTION 

The following special functions have been incorporated 
into the Z86C30/C31 CCPs to enhance the standard Z89 

core architecture to provide the user with increased de
sign flexibility. 

Reset. The device is reset in one of the following condi
tions: 

• Power-On Reset 

• Watch-Dog Timer 

• Stop-Mode Recovery Source 

• Low Voltage Recovery 

Having the auto Power-on Reset circuitry built-in, the 
Z86C30/C31 does not require an external reset circuit. The 
reset time is 5 ms (typical), plus 18 clock cycles. 

The Z86C30/C31 does not re-initialize WDTMR, SMR, 
P2M, PCON and P3M registers to their reset values on a 
Stop-Mode Recovery operation. 

Program Memory. The Z86C30/C31 can address up to 
4K/2K bytes of internal program memory (Figure 7). The 
first 12 bytes of program memory are reserved for the 
interrupt vectors. These locations contain six, 16-bit vec
tors that correspond to the six available interrupts. Ad
dress 12 to 4095/2047 are reserved for the user ROM 
Program. After reset, the program counter points to the 
program start address at OOOCH. 

ROM Protect. The 4K/2K bytes of program memory is 
mask programmable. A ROM protect feature prevents 
"dumping" of the ROM contents by Inhibiting execu· 
tlon of LDC and LOCI Instructions to program memory 
In ALL modes. A ROM look up table cannot be used 
with this feature selected. 

The ROM protect option is mask-programmable and is 
selected by the customer when the ROM code is submit
ted. 
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Expanded Register Fiie (ERF). The register file has been 
expanded to allow for additional system control registers, 
mapping of additional peripheral devices and input/output 
ports into the register address area. The Z8 register 
address space RO through R15 is implemented as 16 
groups of 16 registers per group (Figure 8). These register 
groups are known as the Expanded Register File (ERF). 

Bits 3-0 of the Register Pointer (RP) select the active ERF 
group. Bits 7-4 of register RP select the working register 
group (Figure 9). Three system configuration registers 
reside in the Expanded Register File at bank F (PCON, 
SMR, WDTMR). The rest of the Expanded Register is not 
physically implemented and is open for future expansion. 

7 409&/204 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ 
11 

10 

9 

8 

7 

6 

5 

,,.J.--
3 

2 

1 

0 

On-Chip 
ROM 

~- ----------
IRQ5 

IRQS 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

r-... IRQ2 

~ IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 7. Program Memory Map 
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D8 STANDARD CONTROL REGISTERS 

REGISTER POINTER 

Working Register J 
Grou__D Pointer l Expanded Register 

Gro\!ll_Pointer 

* 
* 

Reserved 

REGISTER 

%FF SPL 

%FE GPR 

%FD RP 

%FC FLAGS 

%FB IMR 

%FA IRQ 

%F9 IPR 

%F8 P01M 

%F7 P3M 

%F6 P2M 

%F5 PREO 

%F4 TO 

%F3 PRE1 

%F2 T1 

%F1 TMR 

%FO Rl88Mld 

EXPANDED REG.GROUP (F) 
REGISTER 

%(F) OF WDTMR 

%j_F)OE Rl88Mld 

%(F)OD Rl88Mld 

%(F)_OC Rl88Mld 

%(F)OS SMR 

%(F)OA R-...1 

%(F)09 Rl88rved 

%(F)08 Rl88rved 

%(F)07 Rl88Mld 

%_l!i08 Rl88Mld 

%(F)05 Rl88Mld 

%(F)04 R-...1 

%ft03 ~ 

%(F)OO POON 

P2 

%(0)00 PO 

Figure 8. Expanded Register Fiie Architecture 

RESET CONDITION 

u u u u u u u u 
u u u u u u u u 
0 0 0 0 0 0 0 0 

u u u u u u u u 
0 u u u u u u u 
0 0 0 0 0 0 0 0 

u u u u u u u u 
0 1 0 0 1 1 0 1 

0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 

u u u u u u u 0 

u u u u u u u u 
u u u u u u 0 0 

u u u u u u u u 
0 0 0 0 0 0 0 0 

RESET CONDITION 

u u u 0 1 , 0 1 

0 0 1 0 0 0 u 0 

1 1 1 1 1 1 1 0 

RESET CONDITION 

1 1 1 1 u u u u 
u u u u u u u u 
u u LIL u ...I!. u u u 
u u u u u u u u 
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FUNCTIONAL DESCRIPTION (Continued) 

R253 RP 

Expanded Register Group 

Worl<lng Register Group 

Default setting after RESET " 00000000 

Figure 9. Register Pointer Register 

Register File. The register file consists of three 1/0 port 
registers, 236/124 general-purpose registers and 15 con
trol and status registers and three system configuration 
registers in the expanded register group (See Figure 8). 
The instructions can access registers directly or indirectly 
through an 8-bit address field. This allows a short 4-bit 
register address using the Register Pointer (Figure 9 and 
10). In the 4-bit mode, the register file is divided into 16 
working register groups, each occupying 16 continuous 
locations. The Register Pointer addresses the starting 
location of the active working register group. The general
purpose registers on device power-up are undefined. 

Note: Register Bank EO-EF can only be accessed through 
working register and indirect addressing modes. (This 
bank is available in Z86C30 only.) 
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General Purpose Register {GPR). The general purpose 
registers are undefined after the device is powered-up. 
The registers keep their last value after any reset, as long 
as the reset occurs in the V cc voltage-specified operating 
range. Note: Register R254 has been designated as a 
general purpose register. 

r7 r6 r5 r4 r3 r2 r1 rO I R253 ..._ ___ __...._ ____ (Register POlnter) 

The upper nibble of the register flle address 
provided by the raglster pOlnter specifies 
the active worklng-raglster group. 

--~::I EF I 

-- I 
80 
7F 

70 
6F 

. I 

~= R1/:°:~~ 80H 
avanfie In the Z86C30 
only. 

80 
5F 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Worl<lng 
Register Group ~ 

The lower nibble 
of the raglster 
file addrass 
provided by the 
Instruction points 
to the specified 
register. 

Register Group 1 

Register Group O 

~-----------------1/0 Ports 

• Exganded Register Group (0) Is selected 
In lhls figure by handling bits 03 to DO as 
•o• In Register R253 (RP). 

~ R15toRO 

R15to R4• 

R3to RO• 

Figure 1 o. Register Pointer 



RAM Protect (Z86C30 Only). The upper portion of the 
RAM's address spaces %80 to %EF (excluding the control 
registers) can be protected from reading and writing. The 
RAM Protect bit option is mask-programmable and is 
selected by the customer when the ROM code is submit
ted. After the mask option is selected, the user can activate 
from the internal ROM code to turn off/on the RAM Protect 
by loading a bit 06 in the IMR register to either a 0 or a 1, 
respectively. A 1 in 06 indicates RAM Protect enabled. 

PREO 

Z86C3Q./C31 CMOS 1.89 CCP"' 
8-BIT MICROCONTROLLERS 

Stack. An 8-bit Stack Pointer (R255) is used for the internal 
stack that resides within the 236/124 general-purpose 
registers. 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 11). 

Internal Data Bus 

TO TO 
Initial ~lue Initial ~lue Current ~lue 

Register Register Register 

6-Bit 8-bit 
Down Down 

Counter Counter IRQ4 

Internal 
Clock 

TOUT 
External Clock P36 

Clock 
Logic 

6-Bit 8-Bit IRQ5 
Down Down 

Counter Counter 

Internal Clock 
Gated Clock PRE1 T1 T1 
Triggered Clock Initial ~lue lnitial~lue Current ~lue 

Register Register Register 

TIN P31 
Read 

Internal Data Bus 

Figure 11. Counter/Timer Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
( 1 to 256) that has been loaded into the counter. When the 
counter reaches the end of count, a timer interrupt request, 
IRQ4 (TO) or IRQ5 (T1), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter-

Z86C30/C31 CMOS zse CCP"' 
B·BIT MICROCONTROUERS 

nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock; a trigger input that can be retriggerable or not
retriggerable; or as a gate input for the internal clock. Port 
3 line P36 serves as a timer output (Tour> through which TO, 
T1 or the internal clock are output. The counter/timers can 
be cascaded by connecting the TO output to the input of 
T1. T1N Mode is enabled by setting R243 PRE1 Bit 01 to 0. 

Interrupts. The Z86C30/C31 has six different interrupts 
from six different sources. The interrupts are maskable and 
prioritized (Figure 12). The six sources are divided as 
follows: four sources are claimed by Port 3 lines P33-P30 
and two in counter/timers. The Interrupt Mask Register 
globally or individually enables or disables the six interrupt 
requests (Table 4). 

IRQO IRQ2 

IRQ1, 3,4, 5 
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Interrupt 
Request 

Global 
Interrupt 
Enable 

Interrupt ._ __ 
Edge 

IPR 

Priority 
Logic 

Select 

Vector Select 

Figure 12. Interrupt Block Diagram 

IRQ (06, 07) 
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Table 4. Interrupt Types, Sources, and Vectors 

Name 

IRQO 
IRQ1, 
IRQ2 

IRQ3 
IRQ4 
IRQ5 

Source 

/OAVO, IRQO 
IRQ1 

/0AV2, IRQ2, TIN 

IRQ3 
TO 
T1 

Vector Location 

0, 1 
2,3 
4,5 

6, 7 
8,9 

10, 11 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. An interrupt ma
chine cycle is activated when an interrupt request is 
granted; it disables all subsequent interrupts, saves the 
Program Counter and Status Flags, and then branches to 
the program memory vector location reserved for that 
interrupt. All Z86C30/C31 interrupts are vectored through 
locations in the program memory. This memory location 
and the next byte contain the 16-bit starting address of the 
interrupt service routine for that particular interrupt re
quest. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests need 
service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 

Comments 

External (P32), Rising/Falling Edge Triggered 
External (P33), Falling Edge Triggered 
External (P31), Rising/Falling Edge Triggered 

External (P30), Falling Edge Triggered 
Internal 
Internal 

IR02 and IRQO may be rising, falling or both edge trig
gered, and are programmable by the user. The software 
can poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select are located 
in the IRQ Register (R250), bits 07 and 06. The configura
tion is shown in Table 5. 

Table 5. IRQ Register 

IRQ 
07 06 

0 
0 
1 
1 

Notes: 
F = Falling Edge 
R = Rising Edge 

0 
1 
0 
1 

Interrupt Edge 
P31 P32 

F 
F 
R 

R/F 

F 
R 
F 

R/F 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86C30/C31 on-chip oscillator has a high
gain, parallel-resonant amplifier for connection to a crys
tal, RC, LC, ceramic resonator, or any suitable external 
clocksource(XTAL 1 = lnput,XTAL2=0utput). The crystal 
should be AT cut, 10 kHz to 12 MHz max., with a series 
resistance (RS) less than, or equal to, 100 Ohms. (Note: 
The Z86C31 is 8 MHz max.) 

~~~1 XTAL1 

C1 C1~ 
i;sJ L 

XTAL2 XTAL2 

C2~ C2 :+: 
Ceramic Resonator or LC 
Crystal C1, C2 = 22 pf 
C1, C2 = 47 pf TYP • 
F:BMHz L=130uH* 

F=3 MHz• 

• Preliminary Value Including Pin Parasitics 

Z86C30/C31 CMOS U- CCP .. 
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The crystal should be connected across XT AL 1 andXTAL2 
using the vendor's recommended capacitors values from 
each pin directly to Ground, pin 22. This is to reduce 
ground noise injection. The RC oscillator option is mask
programmable, to be selected by the customer at the time 
ROM code is submitted. The RC oscillator configuration 
must be an external resistor connected from XT AL 1 to 
XTAL2, with a frequency-setting capacitor from XTAL 1 to 
Ground (Figure 13). 

XTAL1 1XTAL1 C1 

R 

XTAL2 XTAL2 

RC EX1emal Clock 
@ 5V VCC (TYP) 

C1 =33pf• 
R= 1K* 
F=9.5MHz• 

Figure 13. Oscillator Configuration 

Power·On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used forthe Power-On 
Reset (POR) timer function. The POR timer allows Vee and 
the oscillator circuit to stabilize before instruction execu
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power-fail to Power-OK status 
2. Stop-Mode Recovery (if 05 of SMR=1) 
3. WOT time-out 

The POR time is T POR' Bit 5 of the STOP mode register 
determines whether the POR timer is bypassed after Stop
Mode Recovery (typical for external clock, and RC/LC 
oscillators with fast start up time). 

HALT. Turns off the internal CPU clock, but not the XTAL 
oscillation. The counter/timers and external interrupt IRQO, 
IRQ1, IRQ2 and IRQ3, remain active. The device may be 
recovered by interrupts, either external or internal gener
ated. 
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In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP (opcode=FFH) immediately before the appropriate 
sleep instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent. The STOP mode is terminated by a RESET only, either 
by WOT time-out, POR; or SMR recovery. This causes the 
processor to restart the application program at address 
OOOC (HEX). 



Port Configuration Register (PCON). The Port Configu
ration Register (PCON) configures the ports individually: 
Comparator Output on Port 3, Open-Drain on Port 0, Low 
EMI Noise on Ports 0, 2, and 3, and Low EMI Noise 
Oscillator. The PCON Register is located in the Expanded 
Register File at bank F, location 00 (Figure 14). 

Comparator Output Port 3 (DO). Bit 0 controls the com
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P37 and a 0 releases the 
Port to its standard 1/0 configuration. 

Port O Open-Drain (D2). Port 0 is configured as an open
drain by resetting this bit (02=0) and configured as Pull-up 
Active by setting 02 = 1. The default value is 1. 

Low EMI Port 0 (03). Port 0 is configured as a Low EMI Port 
by resetting this bit (03=0) and configured as a Standard 
Port by setting 03= 1. The default value is 1. 

Low EMI Port2 (05). Port 2 is configured as a Low EM I Port 
by resetting this bit (05=0) and configured as a Standard 
Port by setting 05= 1. The default values is 1. 

PCON {F)OO 

lwl~l~l~loolool~lool 

I L ---"""' "'" O P34, P37 Standard Output• 
1 P34, P37 Comparator Output 

Reserved {Must be 1) 

O Port o Open-Drain 
1 Porto Pull-Ups Active• 

.__ ____ 0 Port 0 Low EMI 

1 Port O Standard• 

'-------- Reserved {Must be 1) 

.._ _______ 0 Port 2 Low EMI 

1 Port 2 Standard• 

'----------o Port3 LowEMI 
1 Port 3 Standard• 

...._ __________ 0 LowEMI osc 

• Default setting after RESET 
1 Standard osc· 

Figure 14. Port Configuration Register 
(Write Only) 
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Low EMI Port3 (D6). Port 3 is configured as a Low EM I Port 
by resetting this bit (06=0) and configured as a Standard 
Port by setting 06=1. The default values is 1. 

Low EMI OSC (07). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive, while a 0 configures the 
oscillator with low-noise drive, it does not affect the rela
tionship of SCLK and XTAL. 

SMR {F)OB 

SCLK/TCLK Divide-by· 16 
0 OFF** 
1 ON 

~~~f.Brc~ir~~fo:J. 
1 = SCLK/TCLK = XTAL 

STOP-Mode Recovery Source 
000 POROnly• 
001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

Stop Delay 
0 OFF 
1 ON• 

'---------- Stop Recovery Level 
O Low• 

• Default setting after RESET. 
•• Default setting after RESET 

and STOP-Mode Recovery. 

1 High 

Stop Flag 
0 POR' 
1 Stop Recovery 

Figure 15. Stop-Mode Recovery Register 
(Write Only Except Bit D7 Which Is Read Only) 

7-15 

II 



ftl2JLm 
FUNCTIONAL DESCRIPTION (Continued) 

STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of 
Stop-Mode Recovery (Figure 15). All bits are Write Only, 
except Bit 7 which is a Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP Recovery and reset 
by a power- on cycle. Bit 6 controls whether a low level or 
high level is required from the recovery source. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4 of 
the SMR register specify the source of the STOP-Mode 
Recovery signal. Bits O and 1 determine the time-out 
period of the WDT (Table 7). The SMR is located in bank F 
of the Expanded Register Group at address OBH. 

SCLK/TCLK Dlvlde-by-16 Select (DO). DO of the SMR 
controls a divide-by-16 prescaler of SCLKJTCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 

SMR D4 D3 02 SMR D4 03 D2 SMR 04 03 02 
001 100 101 
0 1 0 
0 1 1 

P33 P27 

Z86C3111C31 CMOS zae CCP,. 
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(SCLK control) and/or HALT mode (TCLKsources, counter/ 
timers, and interrupt logic). The default setting after either 
a Reset or a Stop-Mode Recovery is 0. 

External Clock Dlvlde-by-2 (D1). This bit can eliminate 
the oscillator divide-by-2 circuitry. When this bit is O. SCLK 
(System Clock) and TCLK (Timer Clock) are equal to the 
external clock frequency divided by two. The SCLK/TCLK 
is equal to the external clock frequency when this bit is set 
(D1=1). Using this bit, together with D7 of PCON, further 
helps lower EMI [i.e., D7 (PCON) = 0, D1 (SMR) = 1]. The 
default setting is 0. 

STOP-Mode Recovery Source (D2, D3, and D4). These 
three bits of the SMR specify the wake-up source of the 
STOP-Mode Recovery (Figure 16). 

SMR 04 03 D2 
1 1 0 

SMR 04 03 02 
1 , 1 

ToPOR 

>----------------+-------------------------------------1----------1~ Stop Mode Recovery Edge 
Select (SMR) To P33 Data 

P33 From Pads 

Dlgltel I Analog Mode 
Select (P3M) 
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Latch and IRQ1 

Figure 16. STOP-Mode Recovery Source 



D4 

0 
0 
0 
0 

Table 6. STOP-Mode Recovery Source 

SMR 
D3 D2 

0 
0 
1 
1 

0 
1 
0 
1 

Operation 
Description of action 

POR recovery only 
P30 transition 
P31 transition (Not in Analog Mode.) 
P32 transition (Not in Analog Mode.) 

0 0 P33 transition (Not in Analog Mode.) 
0 1 P27 transition 
1 0 Logical NOR of Port 2, bits 0-3 
1 1 Logical NOR of Port 2, bits 0-7 

STOP·Mode Recovery Delay Select {DS). This bit dis
ables the 5 ms RESET delay after STOP-Mode Recovery. 
The default condition of this bit is 1. If the "fast" wake up is 
selected, the STOP-Mode Recovery source needs to be 
kept active for at least 5 TpC. 

STOP-Mode Recovery Level Select (D6). A 1 in this bit 
position indicates that a high level on any one of the 
recovery sources wakes the Z86C30/C31 from STOP mode. 
A 0 indicates low level recovery. The default is 0 on POR 
(Figure 16). 

Cold or Warm Start {D7). This bit is set by the device upon 
entering STOP mode. A 0 in this bit(cold) indicates thatthe 
device was reset by POR RESET. A 1 in this bit (warm) 
indicates that the device awakens by a SMR source. 

Watch-Dog Timer Mode Register {WDTMR). The WDT is 
a retriggerable one-shot timer that will reset the ZB if it 
reaches its terminal count. The WDT is initially enabled by 
executing the WDT instruction and refreshed on subse
quent executions of the WOT instruction. The WDT cannot 
be disabled after it has been initially enabled. The WOT 
circuit is driven by an on-board RC oscillator or external 
oscillator from XTAL 1 pin. The POR clock source is se
lected with bit 4 of the WOT register. 

Note: Execution of the WDT instruction affects the z (zero), 
S (sign), V (overflow) flags. 

Z86C3Q.IC31 CMOS zse ccp· 
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WDT Time Select (DO, D1). Bits o and 1 control a tap 
circuit that determines the time-out period. Table 6 shows 
the different values that can be obtained. The default value 
of DO and 01 are 1 and 0, respectively. 

Table 7. Time-out Period of the WDT 

Time-out of Time-out of 
D1 DO Internal RC OSC XTALc.lock 

0 0 5ms min 256TpC 
0 1 15 ms min 512TpC 
1 0 25msmin 1024 TpC 
1 1 100 ms min 4096 TpC 

Notes: 
TpC = XTAL clock cycle 
The default on reset is 15 ms. 
The values given are for V cc = 5.0V 

WDT During HALT (D2). This bit determines whether or 
not the WDT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1. 

WDT During STOP (D3). This bit determines whether or 
not the WDT is active during STOP mode. A 1 indicates 
active during STOP. A 0 will disable the WDT during STOP 
mode. Since the on-board OSC is stopped during STOP 
mode, the WOT clock source has to select the on-board RC 
OSC for the WOT to recover from STOP mode. The default 
is 1. 

Clock Source for WDT {D4). This bit determines which 
oscillator source is used to clock the internal POR and WOT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WOT clock source is driven 
from the external pin, XT AL 1. The default configuration of 
this bit is 0, which selects the RC oscillator. 
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FUNCTIONAL DESCRIPTION (Continued) 

WDTMR Register Accesslblllty. The WDTMR register 
(Figure 17) is accessible only during the first 64 system 
clock cycles from the execution of the first instruction after 
Power-On Reset, Watch-Dog Timer reset or a STOP-Mode 
Recovery. After this point, the register cannot be modified 
by any means, intentional or otherwise. The WDTMR can
not be read and is located in Bank F of the Expanded 
Register Group at address location OFH (Figure 18). 

WDTMR (F)OF 

Z86C30/C31 CMOS 7Jf' CCP,. 
8-lllT MlcRocoHnloLLERS 

Note: The WOT can be permanently enabled through a 
mask programming option on the Z86C30/C31. This op
tion is selected by the customer at the time of ROM code 
submittal. In this mode, WOT is always activated when the 
device comes out of reset. Execution of the WOT instruc
tion serves to refresh the WOT time-out period. WOT 
operation in the HALT and STOP modes is controlled by 
WDTMR programming. If this mask option is not selected 
at the time of ROM code submission, the WOT must be 
activated by the user through the WOT instruction and is 
always disabled by any reset to the device. 

l~slD4lo3l02LI~ 
WOT TAP INT RC OSC External Clock 

00 5 ma 256 TpC 
01 • 15 ma 512TpC 
10 26ms 1024TpC 
11 1ooms 4096TpC 

WOT During HALT 
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0 OFF 
1 ON* 

.._ ____ WOT During STOP 

0 OFF 
1 ON* 

,__ _____ XTAL1RNT RC SalactforWDT 

O On-Board RC • 
1 XTAL 

'---------- Reeervad (Must be 0) 

• Defautt sattlng after RESET 

Figure 17. Watch-Dog Timer Mode Register 
(Write Only) 



4Clock 
Filter Clear .._ __ _. ~----1 CLK 

18 Clock RESET 
Generator RESET 

WOT Select 
(WDTMR) 

CK Source 
Select 

(WDTMR) 

XTAL 

RC 
osc. 

2VOperating 
VDD Voltage Det. 

VBO 

From Stop 
Mode 

Recovery 
Source 

12 ns Glitch Filter 

WOT >---------1 
Stop Delay 

Select (SMR) 

M 
u 
x 

WOT TAP SELECT 

256TPC 256TPC 512 1024 4096 
POR TPC TPC TPC 
CK CLR WDT/POR Counter Chain 

Figure 18. Resets and WOT 

Z86C30/C31 CMOS zse CCP"' 
8-BIT MICROCONTROWRS 

Internal 
RESET 
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FUNCTIONAL DESCRIPTION (Continued) 

Low Voltage Protection. An on-board Voltage Compara
tor checks that V cc is at the required level to ensure correct 
operation of the device. Reset is globally driven if V00 is 
below the referenced Low Voltage Protection trip point 
voltage. The minimum operating voltage for functionality 
varies with temperature and operating frequency, while 
the Low Voltage Protection trip point voltage (VLv> varies 
with temperature only. 

The Low Voltage Protection trip voltage (V Lv> is less than 3 
volts and above 1.4 volts under the following conditions. 

Maximum (V vJ Conditions: 

Case 1: TA= -40°C to +105°C, Internal Clock (SCLK) 
Frequency equal or less than 1 MHz 

Z86C30/C31 CMOS zse CCP"' 
8-BIT MICROCONTR()LLERS 

Case 2: TA= -40°C to +85°C, Internal Clock (SCLK) 
Frequency equal to or less than 2 MHz 

Note: The internal clock frequency (SCLK) is determined 
by SMR (F) OB bit 01. 

The Z86C30/C31 functions normally at or above 3.0V 
under all conditions. Below 3.0V, the devices are guaran
teed to function normally until the Low Voltage Protection 
trip point (V Lv> is reached for the temperatures and operat
ing frequencies in Case 1 and Case 2 above. The actual 
Low Voltage Protection trip point is a function of tempera
ture and process parameters (Figure 19). 

Vee 
(Volts) 2.80 -------...--...... ...----------..... --,...-... 
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2.60 _________ __,1----+---+--+---+-----t 

2.40 ~ 

2.20 ~ 

2.00 ~ VLV (Typical) 

1.80 ~ 

1.60 - - - - - - - - - - - - - - - - - - - - - - - - - - -""' - - - -

---- --- ---- --- ---- -------- ~-1.40 __________ __. __________ ...... ____ _. 

-60 -40 -20 0 20 40 60 80 100 120 140 

• Typical minimum operating Vrx voltage at that frequency. Temperature (°C) 

Figure 19. Typical Z86C30/C31 VLv Voltage vs Temperature 

2 MHz* 

1 MHz* 



ABSOLUTE MAXIMUM RATINGS 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V ss [Note 1] 
Voltage on VDD Pin with Respect to Vss 

Min 

-40 
-65 
-0.6 
-0.3 

Z86C30/C31 CMOS zs• CCP'" 
B·BIT MICROCONTROLLERS 

Max Units 

+105 c 
+150 c 

+7 v 
+7 v 

Voltage on XTAL 1 and /RESET Pins with Respect to Vss [Note 2] 
Total Power Dissipation 

-0.6 VDD+1 
770 

v 
mW 

Maximum Current out of V ss 
Maximum Current into V DD 
Maximum Current into an Input Pin [Note 3] 
Maximum Current into an Open-Drain Pin [Note 4] 
Maximum Output Current Sinked by Any 1/0 Pin 
Maximum Output Current Sourced by Any 1/0 Pin 

Notes: 
( 1] This applies to all pins except XT AL pins and where otherwise noted. 
[2] There is no input protection diode from pin to V 00 . 

(3] This excludes XT AL pins. 
[4] Device pin is not at an output Low state. 

Notice: 
Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; functional operation of the 
device at any condition above those indicated in the 
operational sections of these specifications is not implied. 
Exposure to absolute maximum rating conditions for an 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 20). 

CAPACITANCE 

140 mA 
125 mA 

-600 +600 µA 
-600 +600 µA 

25 mA 
25 mA 

extended period may affect device reliability. Total power 
dissipation should not exceed 770 mW for the package. 
Power dissipation is calculated as follows: 

Total Power Dissipation = V00 x [ 100 - (sum of 10 H)] 

+ sum of [ (V DD - V oH) x 10H ] 
+ sum of (V oL x IOL) 

From Output 
Under Test 0---------....,• 

Figure 20. Test Load Diagram 

TA= 25°C, Vee= GND = OV, f = 1.0 MHz, unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Min 

0 
0 
0 

Max 

12 pF 
12 pF 
12 pF 
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~au::a; 
Z86C30/C31 CMOS zse CCP'" 

8-BIT MICROCONTROLLERS 

DC ELECTRICAL CHARACTERISTICS 
Z86C30/C31 

TA ::O"C to +70°C 
Yee TA =-40°C to +105°C Typical 

Sym Parameter Note[3) Min Max @25°C Units Conditions Notes 

veH Clock Input High Voltage 3.0V 0.7 Vee vee+D.3 1.3 v Driven by External Clock Generator 
5.5V 0.7 Vee vce+0.3 2.5 v Driven by External Clock Generator 

Vel Clock Input Low Voltage 3.0V GND-0.3 0.2 Vee 0.7 v Driven by External Clock Generator 
5.5V GND-0.3 0.2 Vee 1.5 v Driven by External Clock Generator 

VIH Input High Voltage 3.3V 0.7 Vee Vee+0.3 1.3 v 
5.0V 0.7 Vee Vee+D.3 2.5 v 

V1L Input Low Voltage 3.0V GN0-0.3 0.2 Vee 0.7 v 
5.5V GND-0.3 0.2 Vee 1.5 v 

VOH Output High Voltage 3.0V Vcc-0.4 3.1 v IOH =-0.5 mA 
(Low EMI Mode) 5.5V Vce-0.4 4.B v l0H=-Q.5 mA 

VOH1 Output High Voltage 3.0V Vcc-0.4 3.1 v 10H=-2.0mA [BJ 
5.5V vee-0.4 4.8 v 10H~2.0mA [8J 

VOL Output Low Voltage 3.0V 0.6 1.3 v IOL = 1.0 mA 
(Low EMI Mode) 5.5V 0.4 2.5 v 10L = 1.0 mA 

VOL! Output Low Voltage 3.0V 0.6 0.2 v IOH=+4.0 mA [BJ 
5.5V 0.4 0.1 v IOL =+4.0mA [BJ 

VOl2 Output Low Voltage 3.0V 1.2 0.3 v 10L = +6 mA, 3 Pin Max [BJ 
5.5V 1.2 0.3 v 10L =+12 mA, 3 Pin Max [BJ 

VRH Reset Input High Voltage 3.0V 0.B Vee Vee 1.5 v 
5.5V 0.8 Vee Vee 2.1 v 

VAi Reset Input Low Voltage 3.3V GND-0.3 0.2 Vee 1.1 
5.0V GND-0.3 0.2 Vee 1.7 

VOFFSET Comparator Input Offset 3.0V 25 10 mV 
Voltage 5.5V 25 10 mV 

vleR Input Common Mode 3.0V 0 Vec-1.5V v [10] 
Voltage Range 5.5V 0 Vcc-1.5V v [10] 

3.0 0 Vce-1.0V v [13) 
5.5 0 Vee-1.0V v [13J 

l1L Input Leakage 3.0V -1 2 <1 J,£4. V1N= OV, Vee 
5.0V -1 2 <1 J,£4. V1N=OV, Vee 

IOL Output Leakage 3.0V -1 2 <1 J,£4. V1N= OV, Vee 
5.5V -1 2 <1 J,£4. VIN= OV, Vee 

llR Reset Input Current 3.0V -130 -60 J,£4. 
5.5V -180 --80 J,£4. 

Ice Supply Current 3.0V 10 4 mA @BMHz [4,5] 
5.5V 15 10 mA @BMHz [4,5,15J 
3.0V 15 5 mA @12 MHz [4,5,15J 
5.5V 20 15 mA @12 MHz [4,5] 
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ftlau::a; Z86Cm'C31 CMOS D" ccp· 
NIT MlcRocoNTRoUERS 

TA ::O"C TA =-40"C 
Vee to+70"C to+105"C Typical 

Sym Parameter Note[3) Min Max Min Max 025"C Unlta Conditions Notes 

lcc1 Standby Current 3.0V 3 3 1 mA HALT mode VIN= OV,Vcc@8 MHz [4,5] 
5.5V 5 5 2.4 mA HALT mode V111 =0V,Vcc@8 MHz [4,5] 
3.0V 4 4 1.5 mA HALT mode VIN=OV,Vee@12 MHz [4,5,15) 
5.5V 6 6 3.2 mA HALT mode V1N=OV,Vcc@12 MHz [4,5,15) 

3.0V 2 2 0.8 mA Clock Divide by 16 @8 MHz [4,5] 
5.5V 4 4 1.8 mA Clock Divide by 16 @8 MHz [4,5] 
3.0V 3 3 1.2 mA Clock Divide by 16 @12 MHz [4,5,15) 
5.5V 5 5 2.5 mA Clock Divide by 16 @12 MHz [4,5,15) 

la:2 Standby Current 3.0V 8 15 µA STOP mode VIN= OV, Vee [6,11] 
WDT is riot Running 

5.5V 10 20 2 µA STOP mode VIN= OV, Vee [6,11] 
WOT Is not Running 

3.0V 500 600 310 µA STOP mode VIN= OV, Vee 
WDT is Running 

[6,11] 

5.5V 800 1000 600 µA STOP mode VIN= OV, Vee [6,11] 
WDT is Running 

IALL Auto Latch Low Current 3.0V 8 25 16 µA 0V<V11 <Vcc [9] 
5.5V 15 42 23 µA 0V<V1N<Vcc [9] 

IALH Auto Latch High Current 3.0V -5 -18 -13 µA OV<VIN<Vcc [9] 
5.5V -8 -26 -17 µA 0V<V1N<Vcc [9] 

TPOR Power-On Reset 3.0V 7 24 7 25 8.5 ms 
5.5V 3 13 3 14 5 ms 

VLV V cc Low Voltage 1.5 2.8 1.5 3.0 2.1 v 2 MHz max Int. CLK Freq. [7] 
Protection Voltage 

Notes: 
[1) Ice, Typ Max Unit Freq 

Clock Driven 0.3mA 5 mA 8MHz 
Crystal or Resonator 24mA 5 mA 8MHz 

[2) GND=OV. 
(3) The V cc voltage specification of 3.0 guarantees 3.3V ±0.3 V and 

the V cc voltage specification of 5.5 V guarantees 5.0 V ±0.5 V. 
[4] All outputs unloaded, 1/0 pins floating, inputs at rail. 
[5) CL1=CL2=100 pF 
[6] Same as note [4] except inputs at V00• 

(7) The V LY increases as the temperature decreases. 
[8] Standard Mode (not Low EMI Mode) 
[9] Auto Latch (mask option) selected 
[10) For analog comparator inputs when analog 

comparators are enabled. 
[11] Clock must be forced Low, when XTAL1 is clock-driven 

and XTAL2 is floating. 
(12] Excludes clock pins. 
[13] Temperature Is 00 to +70°C. 
(14] Auto Latch Delete option Is not selected. 
(15] Z86C30 only. 

II 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Diagram 

Cloek 

TIN 

Z86C30/C31 CMOS zae CCP"' 
8-SIT MICROCONTROLLERS 

Cloek~ Setup 

11 
Stop 

Mode 
Recovery 

Source 
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~21UJG Z86C30/C31 CMOS zae CCP'" 
S·BIT MICROCONlROLLERS 

AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (For SCLK/TCLK = XTAU2) 

TA= 0°C to +70°C TA =-40°C to +105°C 
Vee 8 MHz(C31) 12 MHz(C30) 

No Sym Parameter Note[6] Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 DC 83 DC ns [1,7,8] 
5.5V 125 DC 83 DC ns [1,7,8] 

2 TrC,TfC Clock Input Rise and Fall Times 3.0V 25 15 ns [1,7,8] 
5.5V 25 15 ns [1,7,8] 

3 TwC Input Clock Width 3.0V 62.5 62.5 ns [1,7,8] 
5.5V 62.5 62.5 ns [1,7,8) 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1,7,8] 
5.5V 70 70 ns [1,7,8] 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC [1,7,8) 
5.5V 5TpC 5TpC [1,7,8] 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC [1,7,8] 
5.5V 8TpC 8TpC [1,7,8] 

7 TrTin, Timer Input Rise and Fall Timer 3.0V 100 100 ns [1,7,8] 
T!Tin 5.5V 100 100 ns [1,7,8] 

BA TwlL Int. Request Low Time 3.0V 100 100 ns [1,2,7,8] 
5.5V 70 70 ns [1,2,7,8] 

BB TwlL Int. Request Low Time 3.0V 5TpC 5TpC [1,3,7,8] 
5.SV STpC STpC [1,3,7,8] 

9 TwlH Int. Request Input High Time 3.0V 5TpC 5TpC [1,2,7,8] 
5.5V 5TpC 5TpC [1,2,7,8] 

10 Twsm Stop-Mode Recovery Width Spec 3.0V 12 12 ns [4,8] 
5.5V 12 12 ns [4,8] 

11 Tosi Oscillator Start-up Time 3.0V 5TpC 5TpC [4,9] 
5.5V 5TpC 5TpC [4,9] 

12 Twdt Watch-Dog Timer Delay Time 3.0V 6.0 6.0 ms D0=0[5,11] 
5.5V 3.0 3.0 ms D1=0 [5,111 
3.0V 20 20 ms D0=1 [5,11] 
5.5V 10 10 ms D1=0 [5,11] 
3.0V 33 33 ms DO=O [5,11] 
5.5V 16 16 ms D1=1 [5,11] 
3.0V 132 132 ms D0=1 [5,11] 
5.5V 66 66 ms D1=1[5,11] 

Notes: 
[1] Timing Reference uses 0. 7 V cc for a logic 1 [7) SMR 01=0. 

and 0.2 V cc for a logic 0. [8] Maximum frequency for internal system clock is 4 MHz when using 
[2) Interrupt request through Port 3 (P33-P30) XT AL divide-by-1 mode. 
[3) Interrupt request through Port 3 (P30). [9) For RC and LC oscillator, and for oscillator driven by clock driver. 
[4) SMR-05 = 1, POR STOP mode delay is on. [1 OJ Standard mode (not Low EMI output ports). 
[5] Reg. WOTMR. [11] Using internal RC 
[6] The V cc voltage specification of 3.0 guarantees 3.3V ±0.3V and [12] Z86C31 max. freq.= 8 MHz; Z86C30 max. freq.= 12 MHz. 

the V cc voltage specification of 5.5V guarantees 5.0V ±0.5V. 

II 
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~2H.J:E 
Z86C30IC31 CMOS .. ccp· 

8-BIT MICROCONlROUEAS 

AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Divide-By-One Mode) 

TA=0°Cto+70°C TA =-40°Cto +105°C 
Vee 4MHz 4MHz 

No Symbol Parameter Note [6] Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 250 DC 250 DC ns (1,7,8] 
5.5V 250 DC 250 DC ns (1,7,8] 

2 TrC,TIC Clock Input Rise and Fall Times 3.0V 25 25 ns (1,7,8] 
5.5V 25 25 ns (1,7,8] 

3 TwC Input Clock Width 3.0V 100 100 ns (1,7,8] 
5.5V 100 100 ns (1,7,8] 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns (1,7,8] 
5.5V 70 70 ns (1,7,8] 

5 TwTinH Timer Input High Width 3.0V 3TpC 3TpC (1,7,8] 
5.5V 3TpC 3TpC (1.7,8] 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC (1,7,8] 
5.5V 4TpC 4TpC (1,7,8] 

7 Tr Tin, Timer Input Rise and Fall Timer 3.0V 100 100 ns (1,7,8] 
TfTin 5.5V 100 100 ns (1,7,8] 

BA TwlL Int. Request Low Time 3.0V 100 100 ns (1,2,7,8] 
5.5V 70 70 ns (1,2,7,8] 

BB TwlL Int. Request Low Time 3.0V 3TpC 3TpC (1,3,7,8] 
5.5V 3TpC 3TpC (1,3,7,8] 

9 TwlH Int. Request Input High Time 3.0V 3TpC 3TpC (1,2,7,8) 
5.5V 3TpC 2TpC (1,2,7,8) 

10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 ns (4,8] 
5.5V 12 12 ns (4,8] 

11 Tost Oscillator Startup Time 3.0V 5TpC 5TpC (4,8,9] 
5.5V 5TpC 5TpC [4,8,9] 

Notee: 
[1] Timing Reference uses 0.7 V00 for a logic 1and0.2V00 for a loglcO. 
[2] Interrupt request via Port 3 (P33-P31 ). 
[3] Interrupt request via Port 3 (P30). 
[4] SMR-05 = 1, POR STOP mode delay Is on. 
[5] Reg. WOTMR. 
[6] The V cc voltage specification of 3.0 guarantees 3.3V ±0.3V and the 

V cc voltage specification of 5.5V guarantees 5.0V ±0.5V. 
[7] SMR 01 = 0. 
[8] Maximum frequency for internal system clock is 4 MHz when using 

XTAL dlvide-by-1 mode. 
[9] For RC and LC oscillator, and for oscillator driven by clock driver. 
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ft'21Ul6 Z86C30/C31 CMOS '11J9 CCP'" 
HIT MICROCONTROWRS 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table 

Data In 

/DAV 
(Input) 

ROY 
(Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

-~"'-u""""'""H""'"""""'"'"'"""''"'""'"'"""""'"""'"""'""""'-'""'""'""" 
Data In Valid Next Data In Valid 

-----.~'uuH"""'"'""H""'""""HHHHHH-•••HHHHHO ............................................. "'"" 

Delayed DAV 
,_HHHOHHHHOHH•HOHHHOHH•OHOMOm•o~fHHHHHHO""HHHOHOHHH 

Figure 22. Input Handshake Timing 

-- ·-----------------i.f·······························-
Data Out Valid Next Data Out Valid 

-- l'-----------------i.f································ 

Figure 23. Output Handshake Timing 

7-27 

II 



4'2il.CJ6 
Z86C30/C31 CMOS zae ccp•• 

8-Brr MICROCOHTROLl.ERS 

AC ELECTRICAL CHARACTERISTICS (Continued) 
Handshake Timing Table 

TA =0°C to +70°C TA =-40°C to +105°C 
Vee 8 MHz(C31) 12 MHz(C30} Data 

No Sym Parameter Note[1] Min Max Min Max Direction Notes 

TsDl(DAV) Data In Setup Time 3.0V 0 0 IN (2) 
5.5V 0 0 IN (2) 

2 ThDl(DAV) Data In Hold Time 3.0V 160 160 IN (2) 
5.5V 115 115 IN (2) 

3 TwDAV Data Available Width 3.0V 155 155 IN (2) 
5.5V 110 110 IN (2) 

4 TdDAVl(RDY) DAV Fall to ROY Fall Delay 3.0V 160 160 IN (2) 
5.5V 115 115 IN (2) 

5 TdDAVld(RDY) DAV Rise to ROY Rise Delay 3.0V 120 120 IN (2] 
5.5V 80 80 IN (2) 

6 RDYOd(DAV) RDY Rise to DAV Fall Delay 3.0V 0 0 IN [2] 
5.5V 0 0 IN [2] 

7 TdDO(DAV) Data Out to DAV Fall Delay 3.0V 63 42 OUT [2] 
5.5V 63 42 OUT [2) 

8 TdDAVO(RDY) DAV Fall to ROY Fall Delay 3.0V 0 0 OUT [2) 
5.5V 0 0 OUT [2] 

9 TdRDYO(DAV) ROY Fall to DAV Rise Delay 3.0V 160 160 OUT [2) 
5.5V 115 115 OUT [2) 

10 TwRDY ROY Width 3.0V 110 110 OUT [2) 
5.5V 80 80 OUT [2) 

11 TdRDYOd(DAV) ROY Rise to DAV Fall Delay 3.0V 110 110 OUT [2] 
5.5V 80 80 OUT [2) 

Notea: 
[1] The V cc voltage specification of 3.0 guarantees 3.3V ±0.3V and the 

V00 voltage specification of 5.5V guarantees 5.0V ±0.SV. 
[2] Standard Mode (not Low EMI mode on output ports). 
[3] Z86C31 max. freq.= 8 MHz; Z86C30 max. freq.= 12 MHz. 
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EXPANDED REGISTER FILE CONTROL REGISTERS 

SMR (F)OB WDTMR (F)OF 

loolool~l~loolml~lool loolool~l~loolml~lool 

Z86C3a/C31 CMOS zae CCP'" 
8-BIT MlcRocoNTRoUEIS 

~:~ 
1 • SCLK/TCLK = XTAL 

~ I I ..,,.. M"'""" ""'-""' 00 5 ms 258TpC 
01 * 15 ms 512TpC 
10 25 ms 1024 TpC 
11 100 ms 4098 TpC 

WDT Durlng HALT 
Stop-Moc:le Recovery Source 
000 POROnly" 

0 OFF 
1 ON* 

WOT Durlng STOP 
0 OFF 
1 ON* 

001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2NOR0:3 
111 P2 NOR 0:7 

..._ _____ XTAL 1nNT RC Select for WOT 
0 On-Board RC • 
1 XTAL 

S1llp Delay '--------- Reserved (MuetbeO) 
0 OFF 
1 ON* 

Stop Recovery Level 
0 Low" 
1 High 

1.....--------- Sklp~~ 
0 POR* 
1 S1llp Recovery 

* Default setting after RESET 
t Default setting aflar reset and Stcp-Moc:le Recovery. 

Figure 24. Stop-Mode Recovery Register 
{Write only Except Bit 07 Which Is Read Only) 

PCON (F)OO 

* Default setllng after RESET 

Figure 25. Watch·Dog Timer Mode Register 
{Write Only) 

loof ool~l~loolml~lool 

L Con1>ma1cr Output Port 3 
0 P34, P37 S1andard Oulput" 
1 P34, P37 comparator OUlput 

Raaervad (Must be 1.) 

O Port O Open-Drain 
1 Port O PUll-Upe Al:!Ne* 

'------ 0 Port 0 Low EMI 
1 Port 0 Standard* 

'------- Reserved (Must be 1.) 

"------- 0 Port2 LowEMI 
1 Port 2 Standard* 

'--------- 0 Port 3 LowEMI 
1 Port 3 Standard" 

1.....--------- OLowEMIOSC 
• Default setllng alter RESET 

1 Standard osc· 

Figure 26. Port Configuration Register 
{Write Only) 
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zs• CONTROL REGISTER DIAGRAMS 

R240 

R241 lMR 

R242T1 

7-30 

Figure 27. Reserved 

O NoFuncUon 
1 LoadTo 

o Dlsable !o Count 
1 Enable 'o Count 

o No Function 
1 LoadT 1 

0 Dlsabla T 1 Count 
1 Enable T 1 Count 

T111 Modes 
00 External Clock Input 
01 Galt Input 
1 O Trigger Input 

(Non-relrlggarabla) 
11 Trigger Input 

(Relrlggerable) 

~= 
~J ~og~ 
11 1nle'i:::1 Clock Out 

Figure 28. Timer Mode Register 
(F1 ": Read/Write) 

T1 Initial Value 
(When Written) 
(Renga: 1-256 Decimal 

01-00HEX) 
T1 Current Value 

(When Read) 

Figure 29. Counter Timer 1 Register 
(F2": Read/Write) 

R243PRE1 

R244TO 

Z86C30/C31 CMOS Z89 CCP,. 
8-BIT MlcROCONTROLLERS 

Count Mode 
0 T1 Single Pass 
1 T1 ModuloN 

Clock Source 
1 T1 Internal 
0 TL External Timing Input 

er .. )Mode 

Prescalar Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 30. Prescaler 1 Register 
(F3H: Write Only) 

To lnltlalValue 
(When Written) 
(Range: 1 "256 Decimal 

01-00HEX) 
To Current Value 

(When Read) 

Figure 31. Counter/Timer O Register 
(F4": Read/Write) 

R245PREO 

R246P2M 

CountModa 
O TO Single Pass 
1 TO ModuloN 

Reserved (Must bs 0) 

Prescaler Modulo 
(Rangs: Hl4 Decimal 
01-00 HEX) 

Figure 32. Prescaler O Register 
(F5H: Write Only) 

P2o • P21 VO Deflnltlm 
O Defines Bit as Output 
1 Deftnss Bit as Input 

Figure 33. Port 2 Mode Register 
(F6H: Write Only) 



't'2H.JJ6 Z86C30/C31 CMOS zse CCP"' 
B·BIT MICROCONTROLLERS 

ZS® CONTROL REGISTER DIAGRAMS (Continued) 

R247 P3M 

o Port 2 Pull-Ups Open-Drain 
1 Port 2 Pul~Ups Active 

0 P31, P32 Digital Mode 
1 P31, P32 Analog Mode 

o P32 = Input P3S = Output 
1 P32 • /DAVOJRDYO P3S • RDYO//DAVO 

oo P33 = Input P34=0utput 

0 P31 = Input (TIN) P36 = Output (TOUT) 
1 P31 = /DAV2/RDY2 P36 = RDY2//DAV2 

o P30= Input 

Reserved (Must be O) 

P37= Output 

Figure 34. Port 3 Mode Register 
(F7 ": Write Only) 

R248 P01M 

l±IDslD4ID3IDL2l~I 
L...._. POO - POO Mode 

00 =Output 
01 =Input 
1X = Reserved 

Reserved (Must be 1) 
...._ _____ Reserved (Must be 0) 

"-----------PO+P07Mode 
OO=Output 
01 =Input 
1 X = Reserved 

Figure 35. Port 0 and 1 Mode Register 
(F8": Write Only) 

R2491PR 

~ L. l Interrupt Group Priority 
Reserved = 000 
C >A>B=001 
A>B>C=010 
A>C>B=011 
B>C>A= 100 
C > B>A= 101 
B>A>C= 110 
Reserved = 111 

IRQ1, IRQ4 Priority (Group C) 
0 • IRQ1 > IRQ4 
1 = IRQ4 > IRQ1 

IRQO, IRQ2 PrlOrlty (Group B) 
0 • IRQ2 > IRQO 
1 = IRQO > IRQ2 

IRQ3, IRQS Priority (GroupA) 
O = IRQ5 > IRQ3 
1 • IRQ3 > IRQ5 

Reserved (Must be 0) 

Figure 36. Interrupt Priority Register 
(F9H: Write Only) 
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zae CONTROL REGISTER DIAGRAMS (Continued) 

R2SO IRQ 

R251 IMR 

IRQO = P32 lnpUI 
IRQ1 = P33 lnpUI 
IRQ2 • P31 lnpUI 
IRQ3 = P30 lnpUI 
IR04=TO 
IR05=T1 

Inter Edge 
P31 ! P32! =00 
P31 ! P321 =01 
P31 f P32! = 10 
P31T!P321!:11 

Figure 37. Interrupt Request Register 
(FA": Read/Write) 

lwl~l~l~loolool~lool 

1--1 -
1 Enables IRQ5-IRQO 

(Do=IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

R252 FLAGS 

7·32 

Figure 38. Interrupt Mask Register 
(FB": Read/Write) 

Userflagf1 

User Flag F2 

Hatt Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 39. Flag Register 
(FC": Read/Write) 

R253RP 

R254GPR 

R255SPL 

Z86C30/C31 CMOS zae ccp~ 
&·BIT MICROCONTROLL£RS 

Expanded Register File 

r 4} 
r 5 Register Pointer 
r 6 

r 7 

Figure 40. Register Pointer 
(FD": Read/Write) 

1=1 State 
0 = 0 State 

Figure 41. General-Purpose Register 

Stack Pointer Lower 
Byte (SP7 • SPo) 

Figure 42. Stack Pointer 
(FF": Read/Write) 



INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86C30IC31 CMOS 'tr CCP"' 
8-BIT MICROCOHTROUERS 

Flags. Control register (R252) contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 

7-33 
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'tl21Lm Z86C3111C31 CMOS 1r CCP'" 
II-Brr MlcRocoNnloLLERS 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry c = 1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus S=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (SXORV) = 0 
0001 LT Less than (SXORV) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Great-er Than or Equal C=O 
0111 ULT Unsigned Less Than c = 1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 

7-34 



INSTRUCTION FORMATS 

Z86C30/C31 CMOS 7.r CCP'" 
a.Brr MICROCONTROLLERS 

0PC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

dst OPC 

Ona-Byte Instructions 

OPC I MODE ---.--- CLR, CPL, DA, DEC, 
dsVsrc OR I 1 1 1 o I dst/src I DECW, INC, INCW, 

----- ... --.--... POP, PUSH, RL, RLC, RR, RRC, SRA, SWAP 

OPC --...---. JP, CALL (Indirect) 
___ dst __ .. OR I 111 0 I dst I 

OPC 

VALUE 

OPC I MODE 
dst SIC 

MODE I OPC 
dst/src src/dst 

SRP 

ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 
TM, XOR 

LO, LOE, LDEI, 
LDC,LDCI 

dsilsrc I OPC 
__ .rc.1_c1s1 __ OR I 111 0 I SIC 

LD --...---
dst I OPC 

VALUE 

dsl/CC I OPC 

RA 

FFH 

6fH 7FH 

LD 

DJNZ,JR 

STOPIHALT 

Two-Byte Instruction• 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" +- ". For example: 

dst +- dst + src 

ffi OR 1110 

OR 1110 

ADC, ADD, AND, CP, 

src LD, OR, SBC, SUB, 
TCM,TM,XOR 

dst 

ADC, ADD, AND, CP, 

OR(111ol dst I LD, OR, SBC, SUB, 
TCM,TM,XOR 

E 

LD 

SIC 

dst 
EGOR 1110 

OR 1---f----1 
1110 

MODEI OPC 

dst/src l x 

ADDRESS 

LD 

JP 

CALL 

ThrH-Byte Instructions 

The notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

indicates that the source data is added to the destination refers to bit 7 of the destination operand. 
data and the result is stored in the destination location. 
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4'2il.C6 Z86C30/C31 CMOS ZP CCP"' 
B·BIT MICROCONTROl.1£RS 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) C z S V D H and Operation dst src Byte (Hex) C Z s v D H 

NOP FF - - - - STOP 6F 

OR dst, src t 4[ l * * 0 SUB dst, src t 2[ l * * * * * dst~dst OR src dst~dst-src 

POP dst R 50 - - - - - - SWAPdst R FO x * * x - -
dst~@SP; IR 51 

!1 C25 IR F1 

SP~SP + 1 o I 

PUSH src R 70 - - - - - -
SP~SP-1; IR 71 TCM dst, src t 6[ l * * 0 

- -
@SP~src (NOT dst) AND src 

RCF CF 0 - - - - - TM dst, src t 7[ l - * * 0 
- -

c~o dst AND src 

RET AF - - - - - - XOR dst, src t B[ ] - * * 0 
- -

PC~@SP; dst~dst XOR src 

SP~SP + 2 
WOT SF - x x x - -

RL dst R 90 ****- -

~ 
IR 91 t These instructions have an identical set of addressing modes, which 

are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 

RLC dst R 10 * * * * -
in this table, and its value is found in the following table to the left of the - applicable addressing mode pair. 

IR 11 
lfu==Ejj:l For example, the opcode of an ADC instruction using the addressing 

modes r (destination) and Ir (source) is 13. 

RR dst R EO ****- -
IR E1 

4]l{Ej}J Address Mode Lower 
dst src Opcode Nibble 

RRC dst R co ****- -
L:@HE5}J IR C1 [2] 

Ir [3] 

SBC dst, src t 3[ l * * * * 1 * dstf~dst - src - C R R [4] 

SCF OF 1 - - - - - R IR [5] 

C~1 
R IM [6] 

SRAdst R DO * * * 0 
- -

@ 
IR 01 IR IM [7] 

SRP src Im 31 - - - - - -
RP~src II 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
JRR1 
8.5 

4 DA 
R1 

10.5 
5 POP 

R1 
6.5 

6 COM 
R1 

10/12.1 

'IC 
! 
.!! 7 PUSH 

R2 
10.5 

.a 

~ 
DECW 

RR1 l 8 
Q, = 6.5 

9 RL 
R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 
R1 
6.5 

c ARC 
R1 
6.5 

D SRA 
R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

7-38 
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6.5 6.5 
DEC ADD 
IR1 r1, r2 

6.5 6.5 
RLC ADC 
JR1 r1, r2 

6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP SBC 

JM r1, r2 

8.5 6.5 
DA OR 
IR1 r1, r2 

10.5 6.5 
POP AND 
IR1 r1, r2 

6.5 6.5 
COM TCM 

JR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 

10.5 
DECW 

IR1 

6.5 
RL 
IR1 

10.5 6.5 
INCW CP 

JR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 

6.5 12.0 
RRC LDC 
IR1 r1, lrr2 

6.5 
SRA 
IR1 

6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

.,,. 
2 

Execution 
Cycle 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2. R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, Jr2 R2,R1 

6.5 10.5 
SBC SBC 
r1, Jr2 R2, R1 

6.5 10.5 
OR OR 

r1, Jr2 R2, R1 

6.5 10.5 
AND AND 
r1, lr2 R2,R1 

6.5 10.5 
TCM TCM 
r1, Jr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 

6.5 10.5 
CP CP 

r1, lr2 R2, R1 

6.5 10.5 
XOR XOR 
r1, lr2 R2, R1 

18.0 
LOCI 

lr1, lrr2 

20.0 
CALL" 

IRR1 

6.5 10.5 
LD LD 

r1, IR2 R2,R1 

6.5 
LD 

lr1, r2 

Lower Nlbble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

JR2, R1 R1, JM JR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1,JM JR1, JM 

10.5 10.5 10.5 
SUB SUB SUB 

JR2, R1 R1,JM JR1, JM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1,IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

JR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1,IM 
10.5 
LD 

r1,x,R2 

20.0 10.5 
CALL LD 

DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

IR2, R1 R1, IM IR1,IM 
10.5 
LD 

R2, IR1 

.,,. 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86C30/C31 CMOS za• CCP'" 
8-BIT MICROCONTROLLERS 

A B 

12/10.5 12/10.0 
DJNZ JR 
r1,RA cc, RA 

r ' 
.,,. 
2 

Legend: 

c 
6.5 
LD 

r1 IM 

R = 8-bit address 
r = 4-bit address 

D 

12.10.0 
JP 

cc, DA 

' ..,. 
3 

R1 or r1 = Dst address 
R2 or r2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: The blanks are reserved. 

E 

6.5 
INC 

r1 

' 

• 2-byte instruction appears as a 
3-byte instruction 

F 

1---

1--

1--

1--

'e:o 
WDT 

~ 
STOP 

~ 
HALT 

I----< 
6.1 
DI 

~ 
El 

I----< 
14.0 
RET 

I----< 
16.0 
IRET 

I----< 
6.5 

RCF 

I----< 
6.5 
SCF 

~ 
6.5 

CCF 

f-s.o1 
NOP 

-.,,. 



PACKAGE INFORMATION 

El 

...... ll'T I MILLIMETER 
MIH -Al o.51 0.81 

•2 3.18 194 

• 0.31 0.53 

II 01 1.51! L78 

~ ::7 
Al 

S • I 

02 L27 1.52 

c 023 D.38 

• 01 36¥ 37.34 
02 35.31 35.94 

E 15.e4 15.75 

El 
DI 13.59 14.10 

02 l2Jl3 13.o& 

...I._ l!.54 fl'P 

•• 15.49 16.'1 
L 3.18 3.81 

ll'flllN fAllLE .. DI l.S2 J.91 
D2 1.51! L78 

ll'flllNI PACKAGE 
DI STANDARD s 01 151! U9 

D2 1.02 1.5! 
02 lllf" 

CONTROLLING DIMENSIONS • INCH 

28-Pln DIP Package Diagram 

$l'llllllL 

A 

Al 

~ 

B 
c 
0 

E 

• 
H 

15 h 

L 
QI 

28-Pln SOIC Package Diagram 

Z86C3Q.IC31 CMOS zae CCPm 
8-BrT MlCRocONTRoWRS 

INCH 
MIN .... 
A20 -.in .155 
.1115 -021 - 170 
.no -.11119 .1115 

1.440 L470 

1.390 l.415 - -.535 .es 
.'105 .!115 

JOO TVP 

.610 .650 

.125 .150 - .075 - no - .... .... .D6D 

llWllEIER INCi! - IWC .... UAX 

2.40 "' .Gll4 .104 

0.10 0.30 .G04 .012 

2.24 2.44 .Giii .OH 
0.31 0.48 .014 .018 

0.23 D.30 .GOii .012 

17.78 18.00 .700 .710 

7.40 7.10 .211 .2111 
l.27~ .oeo~ 

10.00 10.15 .JM .411 
0.30 0.71 .012 .02ll 
0.11 I.OU .G24 ,OJI 

11.17 1.07 .oJll .G42 
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PACKAGE INFORMATION (Continued) 

.DISQl:.001 

TOP VIEW 

NOTES: 
1. 0111E-. Till£JW«:E :t.OOI UNl£SS SP£CflED 
2..111.llllEllSIONSlllNClt. 

28-Pln PCB Chip carrier Package Diagram 

7-40 
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ORDERING INFORMATION 

Z86C30 (12 MHz) 
Standard Temperature 

28-Pln DIP 
Z86C3012PSC 

Standard Temperature 
28-Pin PCB Chip Carrier 

Z86C3012TSC 

Z86C31 (8 MHz) 
Standard Temperature 

28-Pln DIP 
Z86C3108PSC 

Standard Temperature 
28-Pln PCB Chip Carrier 

Z86C31 OBTSC 

Extended Temperature 
28-Pln DIP 

Z86C3012PEC 

Extended Temperature 
28·Pln PCB Chip Carrier 

Z86C3012TEC 

Extended Temperature 
28-Pin DIP 

Z86C3108PEC 

Extended Temperature 
28-Pln PCB Chip Carrier 

Z86C3108TEC 

Standard Temperature 
28-PlnSOIC 

Z86C3012SSC 

Standard Temperature 
28-PinSOIC 

zascs1 oassc 

Z8&C30IC31 CMOS ZP CCP .. 
8-Brr MICROCOHTROLLERS 

Extended Temperature 
28-PlnSOIC 

Z86C3012SEC 

Extended Temperature 
28-PlnSOIC 

Z86C3108SEC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

CODES 

Preferred Package 
P = Plastic DIP 

Longer Lead Time 
S=SOIC 
T = PCB Chip Carrier 

Preferred Temperature 
S =0° Cto +70° C 

Longer Lead Time 
E =-40° C to +105° C 

Speeds 
08=8MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
z 86C30 12 p s c 

U§ 
is a Z86C30, 12 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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za&E3D/E31 CMOS za• OTP ccPTN 

Consumer Controller Processor El 





FEATURES 

• The Z86E30 and Z86E31 Have the Following General 
Characteristics: 

Part EPROM RAM Speeds 
Z86E30 4K 236 12MHz 
Z86E31 2K 124 BMHz 

• 28-Pin Packages (DIP, Cerdip Window Lid) 

• 4.5V to 5.5V Operating Range 

• Clock Speeds up to 8 MHz (E31) and 
12 MHz (E30) 

• Software Programmable Low EMI Mode 

• Pull-Up Active/Open-Drain Programmable 
on Ports o and 2 

• EPROM Protect Option 

• RAM Protect Programmable 

• RC Oscillator Programmable 

• Low Power Consumption: 60 mW 

GENERAL DESCRIPTION 

The Z86E30/E31 CCP"' (Consumer Controller Processors) 
are members of Zilog's the zs• single-chip microcontroller 
family with enhanced wake-up circuitry, programmable 
watch-dog timers and low noise/EMI options. These en
hancements result in a more efficient, cost-effective de
sign and provide the user with increased design flexibility 
over the standard ZS microcontroller core. With 4K/2K 
bytes of EPROM and 2361124 bytes of general-purpose 
RAM, respectively, these low cost, low power consump
tion CMOS microcontrollers offer fast execution, efficient 
use of memory, sophisticated interrupts, input/output bit 
manipulation capabilities, and easy hardware/software 
system expansion. 

PRODUCT SPECIFICATION 

Z86E30/E31 
CMOS 8-BIT ZS® OTP CCP™ 
CONSUMER CONTROLLER PROCESSORS 

• Two Standby Modes: STOP and HALT 

• 24 Input/Output Lines (Three with Comparator Inputs) 

• 17 Digital Inputs with CMOS Levels, Schmitt-Triggered 

• Three Digital Inputs with CMOS Levels Only 

• Three Expanded Register File Control Registers 

• Two Programmable 8-Bit Counter{rimers, 
Each with a 6-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Software Enabled Watch-Dog Timer 

• Auto Power-On Reset 

• Auto Latches 

• Two Comparators with Programmable Interrupt Polarity 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, RC, or External Clock Drive 

Manufactured in CMOS technology and offered in 28-pin 
DIP and Cerdip Window Lid package styles, these devices 
allow easy software development and debug, prototyping, 
and small production runs not economically desirable with 
a masked ROM version. 

For applications demanding powerful 1/0 capabilities, the 
Z86E30/E31 provides 24 pins dedicated to input and 
output. These lines are grouped into three ports, eight lines 
per port, and are configurable under software control to 
provide timing, status signals, and parallel 1/0 with or 
without handshake. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86E30IE31 CMOS S·Brr 'ZP CCP"' 
CoNSUllER CONTROIUR PRocEssolls 

Three basic address spaces are available to support this 
wide range of configurations: Program Memory, Register 
File, and Expanded Register File (ERF). The Register File 
is composed of 236/124 bytes of general-purpose regis
ters, three 1/0 port registers and 15 control and status 
registers. The Expanded Register File consists of three 
control resisters. 

All Signals with a preceding front slash, 'f, are active Low, e.g.: 
BINI (WORD is active Low); /BNI (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

To unburden the system from coping with the real-time 
tasks such as counting/timing and input/output data com
munication, the Z86E30/31 offers two on-chip counter/ 
timers with a large number of user-selectable modes, and 
two on-board comparators to process analog signals with 
a common reference voltage (Figures 1 and 2). 

Input vcc 

Connection 

Power 
Ground 

GND 

Circuit 

Vee 
GND 

XTAL 

Machine 
...-----. ------""llmlng& Inst. 

8-2 

Counter/ 
Timers (2) 

Interrupt 
Control 

TWoAnalog 
Comparators 

1/0 
(Bit Programmable) 

ALU 

FLAG 

Register 
Pointer 

Register File 
256/144 
XS-Bit 

VO 

Figure 1. Z86E30IE31 Functional Block Diagram 

Control 

RESET 
WDT,POR 

Device 



MSN 
Port3 

Z8 
Porto 

AD11·ADO 

EPM /PGM 
P32 P30 

/CE 
XT1 

Address 
MUX 

07-00 

4K 
EPROM 

128 Bytes 
TEST ROM 

EPROM&RAM 
PROTECT 

RCOsc 

VPP 
P33 

07-00 
Data 
MUX 

Z88E30IE31 CMOS 8-BIT ZS- CCP .. 
CONsuMER CoNIROUER PROCESSORS 

07-00 
ZB 

..,...,.. _ _,A PORT2 

/OE 
P31 

Figure 2. Z86E30/E31 EPROM Programming Block Diagram 
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ft' 2i1JJ13 Z86E30/E31 CMOS 8-Brr ZS-CCP"' 
CONSUMER CONlROLLER PROCESSORS 

PIN DESCRIPTION 

Table 1. Z86E30IE31 28-Pln DIP Pin Identification* 
P25 28 P24 

Standard Mode 
Pin# Symbol Function Direction P26 2 27 P23 

1-3 P25-P27 Port 2, Pins 5,6, In/Output P27 3 26 P22 

4-7 P04-P07 Port 0, Pins 4,5,6,7 In/Output P04 4 25 P21 
8 Vee Power Supply 

POS 24 9 XTAL2 Crystal Oscillator Output 5 P20 

10 XTAL1 Crystal Oscillator Input P06 6 23 P03 

11-13 P31-P33 Port 3, Pins 1,2,3 Input P07 7 Z86E30 22 vss 
14-15 P34-P35 Port 3, Pins 4,5 Output vcc 8 

/E31 
16 P37 Port3, Pin 7 Output 21 P02 

17 P36 Port3, Pin 6 Output XTAL2 9 20 P01 
18 P30 Port3, Pin 0 Input 

XTAL1 10 19 POO 
19-21 POO-P02 Port 0, Pins 0, 1,2 In/Output P31 11 18 P30 
22 Vss Ground 
23 P03 Porto, Pin 3 In/Output P32 12 17 P36 
24-28 P20-P24 Port 2, Pins 0, 1,2,3,4 In/Output P33 13 16 P37 

Note: P34 14 15 P35 • Pin Identification and Configuration identical on DIP and 
Cerdlp Window Lid style packages. 

Figure 3. Z86E30/31 Standard Mode 
28-Pln DIP Pin Configuration* 

Table 2. Z86E30/E31 28-Pln DIP Pin Identification* 
05 28 04 

EPROM Programming Mode 
Pin# Symbol Function Direction 06 2 27 D3 

1-3 D5-D7 Data 5,6,7 In/Output 07 3 26 D2 

4-7 A4-A7 Address 4,5,6, 7 Input A4 4 25 D1 
8 Vee Power Supply 

AS 5 24 9 NC No connection DO 
10 /CE Chip Select Input A6 6 23 A3 

11 /OE Output Enable Input A7 7 Z86E30 22 vss 
12 EPM EPROM Prog. Mode Input vcc 8 

/E31 
21 A2 13 Vpp Prog. Voltage Input 

14-15 A8-A9 Address 8,9 Input NC 9 20 A1 
16 A11 Address 11 Input 

/CE 10 19 AO 
17 A10 Address 10 Input /OE 11 18 /PGM 
18 /PGM Prog. Mode Input 
19-21 AO-A2 Address O, 1,2 Input EPM 12 17 A10 
22 Vss Ground 

VPP 13 16 A11 
23 A3 Address 3 Input 
24-28 DO-D4 Data 0, 1,2,3,4 In/Output AB 14 15 A9 

Note: 
• Pin Identification and Configuration Identical on DIP and 

Figure 4. Z86E30/31 EPROM Programming Mode Cerdip Window Lid style packages. 
28-Pln DIP Pin Configuration* 
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PIN FUNCTIONS 

Z86E30/31 Standard Mode 

XTAL1 Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, RC 
network or external single-phase clock to the on-chip 
oscillator input. 

XTAL2 Crystal 2(time-based output). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC or RC 
network to the on-chip oscillator output. 

Port O (P07-POO). Port 0 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be nibble 
programmed as P03-POO input/output and P07-P04 input/ 

EPROM Programming Mode 

07-DO Data Bus. The data can be read from or written to 
the EPROM through the data bus. 

A11-AO Address Bus. During programming, the EPROM 
address is written to the address bus. 

V cc Power Supply. This pin must be supply 5V during the 
EPROM Read Mode and 6V during other modes. 

/CE Chip Enable (active Low). This pin is active during 
EPROM Read Mode, Program Mode and Program Verify 
Mode. 

/OE OutputEnable(active Low). This pin drives the direc
tion of the Data Bus. When this pin is Low, the Data Bus is 
output, when High, the Data Bus is input. 

EPM EPROM Program Mode. This pin controls the differ
ent EPROM Program Mode by applying different voltages. 

Vpp Program Voltage. This pin supplies the program volt
age. 

Z86E30/E31 CMOS 8-Brr zae CCP"' 
CoNSUMER CON'!ROLLER PROCESSORS 

output, separately. The input buffers are Schmitt-triggered 
and nibbles programmed as outputs can be globally 
programmed as either push-pull or open-drain. Low EMI 
output buffers can be globally programmed by the soft- 8 ware. Port 0 can also be used as a handshake 1/0 port. 

In Handshake Mode, Port 3 lines P32 and P35 are used as 
handshake control lines. The handshake direction is deter
mined by the configuration (input or output) assigned to 
Port O's upper nibble. The lower nibble must have the same 
direction as the upper nibble (Figure 5). 

/PGM Program Mode (active Low). When this pin is 
Low, the data is programmed to the EPROM through the 
Data Bus. 

Application Precaution 

The production test-mode environment may be enabled 
accidentally during normal operation if excessive noise 
surges above V.,. occur on the XTAL 1 pin. 

In addition, processor operation of Z80TP devices may be 
affected by excessive noise surges on the V PP' /CE, /EPM, 
/OE pins while the microcontroller is in Standard Mode. 

Recommendations for dampening voltage surges in both 
test and OTP mode include the following: 

• Using a clamping diode to V cc 

• Adding a capacitor to the affected pin. 
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PIN FUNCTIONS (Continued) 

Open-Drain 

OEN 

Out 

Z86E30 
and 

Z66E31 

Port 0 (110) 

} 
Handshake Controls 
/DAVO and RDYO t----. (P32 and P35) 

VDD 

1.5~ 2.3V Hysteresis VCC = 5.0V 

In 

Figure 5. Port O Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control as an input or output, indepen
dently. All input buffers are Schmitt-triggered. Bits pro
grammed as outputs can be globally programmed as 
either push-pull or open-drain. Low EMI output buffers can 

be globally programmed by the software. When used as 
an 1/0 port, Port 2 can be placed under handshake control. 
In Handshake Mode, Port 3 lines P31 and P36 are used as 
handshake control lines. The handshake direction is deter
mined by the configuration (input or output) assigned to bit 
7 of Port 2 (Figure 6). 

Open-Drain 

OEN 

Out 

In 

Z86E30 
and 

Z86E31 

Port 2 (1/0) 

} 
Handshake Controls _.J----. /DAV2 and RDY2 
(P31 and P36) 

1.5~ 2.3V Hysteresis VCC = 5.0V 

r --------------------• I 

VDD 

i 
I 
I Auto Latch 
I 
I 
I 

I 
I 
I 
I 
I I R=500Kn I 
~------------------------~ 

Figure 6. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port3 (P37-P30). Port3 is an 8-bit, CMOS compatible port 
with four fixed inputs (P33-P30) and four fixed outputs 
(P37-P34), and can be configured under software for 
interrupt and handshake control functions. Port 3, pin 0 is 
Schmitt-triggered. Pins P31, P32, and P33 are standard 
CMOS inputs (no Auto Latches) and pins P34, P35, P36, 
and P37 are push-pull output lines. Low EMI output buffers 
can be globally programmed by software. Two on-board 
comparators can process analog signals on P31 and P32 
with reference to the voltage on P33. The comparator 
output can be outputted from P34 and P37, respectively, 
by setting PCON register (PCON) bit DO to 1. 

The analog function is enabled by setting the 01 of Port 3 
Mode Register (P3M). For the interrupt function, P30 and 
P33 are falling edge triggered interrupt inputs. P31 and 
P32 can be programmed as falling, rising or both edge 
triggered interrupt inputs (Figure 7). Access to 
Counter/Timer 1 is made through P31 (T1N) and P36 (Tour>· 
Handshake lines for Ports o and 2 are also available on Port 
3 (Table 3). T1N Modes are enabled by setting R243 PRE1 
Bit 01to0. 

Table 3. Port 3 Pin Assignments 

Pin VO CTC1 ANIN Int. POHS P2HS 

P30 IN IRQ3 
P31 IN T,N AN1 IRQ2 D/R 
P32 IN AN2 IRQO D/R 
P33 IN REF IRQ1 

P34 OUT 
P35 OUT R/D 
P36 OUT Tour R/D 
P37 OUT 

8-8 
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Note: P33-P30 inputs differ from the Z86C30/31 in that 
there is no clamping diode to Vee due to the EPROM high
voltage detection circuits. Exceeding the V1H maximum 
specification during standard operating mode may cause 
the device to enter EPROM mode. 

Comparator Inputs. Port 3, pins P31 and P32 each have 
a comparator front end. The comparator reference voltage 
(pin P33) is common to both comparators. In analog mode, 
P31 and P32 are the positive inputs, and P33 is the 
reference voltage of the comparators. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33-P31) that are not externally 
driven. Whether this is 0 or 1, cannot be determined. 

A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. 

Low EMI Emission. The Z86E30/31 can be programmed 
to operate in a low EMI emission mode in the PCON 
register. The oscillator and all 1/0 ports can be pro
grammed as low EMI emission mode independently. Use 
of this feature results in: 

• The pre-drivers slew rate reduced to 10 ns typical. 

• Low EMI output drivers have resistance 
of 200 ohms (typical). 

• Low EMI Oscillator. 

• Internal SCLK/TCLK = XTAL operation limited to a 
maximum of 4 MHz - 250 ns cycle time, when Low EMI 
Oscillator is selected and system clock (SCLK = XTAL, 
SMR Reg. Bit 01 =1). 



P30 
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Z86E30 
and 
Z86E31 

Port 3 
(1/0 or Control) 

,-------------------------, Auto Latch 

I I 
I I 

l I 
1 R~SOOkn l L--------------------------

R247= P3M 

I 1 =Analog ...._ _________ ......, __ 0 =Digital 

P30 Data 
Latch IR03 

IR02, TIN, P31 Data Latch 

From Stop-Mode 
Recovery Source 0 

I 
I 
I 
I 
I 

t 

IROO, P32 Data Latch 

IR01, P33 Data Latch 

Figure 7. Port 3 Configuration 
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FUNCTIONAL DESCRIPTION 

The Z86E30/E31 CCP™'s incorporate the following special 
functions to enhance the standard Z811 architecture to 
provide the user with increased design flexibility. 

RESET. The device is reset in one of the following condi
tions: 

• Power-On Reset 

• Watch-Dog Timer 

• STOP-Mode Recovery Source 

Having the Auto Power-on Reset circuitry built in, the 
Z86E30/E31 does not need to be connected to an external 
power-on reset circuit. The reset time is 5 ms (typical) plus 
18 clock cycles. The Z86E30/31 does not re-initialize 
WDTMR, SMR, P2M, and P3M registers to their reset 
values on a STOP-Mode Recovery operation. 

Program Memory. The Z86E30/E31 can address up to 
4K/2K bytes of internal program memory (Figure 8). The 
first 12 bytes of program memory are reserved for the 
interrupt vectors. These locations contain six 16-bit vec
tors that correspond to the six available interrupts. Ad
dress 12 (COOCH) to address 4095 (OFFFH)/2047(07FFH) 
are reserved for the user program. After reset, the program 
counter points at the address COOCH which is the starting 
address of the user program. 

EPROM Protect. The 4K/2K bytes program memory is a 
One-Time-PROM. An EPROM protect feature prevents 
"dumping" of the ROM contents by inhibiting execution of 
LDC and LDCI instructions (LDE and LDEI instructions are 
not available in Z86E30/E31) to program memory in all 
modes. In EPROM protect mode, the instructions of LDC 
and LOCI are disabled globally. ROM look-up tables 
cannot be used with this option. 

Expanded Register File (ERF). The register file has been 
expanded to allow for additional system control registers, 
mapping of additional peripheral devices, and input/out
put ports into the register address area. The Z8 register 
address space RO through R15 is implemented as 16 
groups of 16 registers per group (Figure 11 ). These regis
ter groups are known as the Expanded Register File (ERF). 
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On-Chip 
ROM 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 
~ ------------

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

12 

11 

10 

9 

8 

7 

6 

5 

~ 
3 

2 

1 

0 

f'-... 
IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

I"-.... IRQ2 

~ IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 8. Program Memory Map 

The low nibble (03-00) of the Register Pointer (RP) selects 
the active ERF group, and the high nibble (D7-D4) of 
register RP selects the working register group (Figure 9). 

R253RP 

IIDlool~l~l 00 l 00 l~l 00 l 

I --- Expanded Register Group 
.....________ Working Register Group 

Default setting after RESET= 00000000 

Figure 9. Register Pointer Register 

Three system configuration registers reside in the Ex
panded Register File at bank FH: PCON, SMR, and WDTMR. 
The rest of the Expanded Register is not physically imple
mented and is reserved for future expansion. 
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Register File. The register file consists of three 1/0 port 
registers, 236/124 general-purpose registers, 15 control 
and status registers, and three system configuration reg
isters in the expanded register group. The instructions can 
access registers directly or indirectly through an 8-bit 
address field. This allows a short 4-bit register address 
using the Register Pointer (Figure 10). In the 4-bit mode, 
the register file is divided into 16 working register groups, 
each occupying 16 continuous locations. The Register 
Pointer addresses the starting location of the active work
ing-register group. 

Note: Register Bank EO-EF can only be accessed through 
working register and indirect addressing modes. (This 
bank is available in Z86C30 only.) 

General Purpose Register (GPR). The general purpose 
registers are undefined after the device is powered-up. 
The registers keep their last value after any reset, as long 
as the reset occurs in the V cc voltage-specified operating l!I 

•• range. Note: Register R254 has been designated as a 
general purpose register. 

FF 

FO 
EF 

80 
7F 

70 
6F 

60 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

r7 r6 r5 r4 r3 r2 r1 ro R253 
(Register Pointer) 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 

Specified Working ~ ~ Register Group 

Note: Registers SOH 
through EFH are 
available in the Z86C30 
only. 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 

Register Group 1 

Register Group O 

~-----------------
1/0 Ports 

~ R15to RO 

R15 to R4' 

R3 to Ro• 

• Expanded Register Group (0) is selected 
in this figure by handling bits 03 to DO as 
"O" in Register R253 (RP). 

Figure 10. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 

REGISTER POINTER 
l1l el sl 4l 3l 2l 1I ol 

Working Register J 1 Expanded Register 
Gro\!11._Pointer Gro\!l!_Polnter 

I . 
• 

Z8Reg. Fiie 
FF 
FO ----ZB6E300nly r-----_ ZB6E300nly 

ZB6E300nly 

ZB6E300nly 

ZB6E300nly 
~ 

ZB6E300nly 
. 

7F 
ZB6E300nly 

.. 

Reserved 

OF 
00 

Notn: 
U=Unknown 
• Will not be reset with a STOP-Mode Recovery. . 
•• Wiii not be reset with a STOP·Mode Recovery, except DO. 

Z86E30/E31 CMOS 8-BIT ZS" CCP"' 
CoNSUMER CONTROLLER PROCESSORS 

zae STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 
j 01loe I os I 04103102101 loo j 

FF SPL u u u u u u u u 
FE GPA u u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 

FC FLAGS u u u u u u u u 
FB IMR 0 u u u u u u u 
FA IRQ 0 0 0 0 0 0 0 0 

F9 IPR u u u u u u u u 
F8 P01M 0 1 0 0 1 1 0 1 

F7 P3M 0 0 0 0 0 0 0 0 

F6 P2M 1 1 1 1 1 1 1 1 

F5 PREO u u u u u u u 0 

F4 TO u u u u u u u u 
F3 PRE1 u u u u u u 0 0 

F2 T1 u u u u u u u u 
F1 TMR 0 0 0 0 0 0 0 0 

FO Reserved 

EXPANDED REG.GROUP (F) 
REGISTER RESET CONDITION 

(F) OF WDTMA u u u 0 1 1 0 1 

(F) OE Reserved 

(F)OO Reserved 

(F)OC Reserved 

(F)OB SMA 0 0 1 0 0 0 0 0 

(F)OA Reserved 

(F) 09 Reserved 

(F)OS Reserved 

(F) 07 Reserved 

J_F) 06 Reserved 

(F) 05 Reserved 

(F) 04 Reserved 

(F) 03 Reserved 

(F) 02 Reserved 

(F) 01 Reserved 

(F) 00 PCON 1 1 1 1 1 1 1 0 

EXPANDED REG.GROUP (0) 
REGISTER RESET CONDITION 

(0)03 P3 •u *u u u u u u u 
(0)02 P2 u u u u u u u u 
(0)01 Reserved u u u u u u u u 

JQLOO PO u u u u u u u u 

Figure 11. Expanded Register File Architecture 
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RAM Protect (Z86E30 Only). The upper portion of the 
RAM's address spaces %7Fto %EF (excluding the control 
registers) can be protected from reading and writing. The 
RAM Protect bit option is EPROM-programmable. After the 
EPROM option is selected, the user can activate from the 
internal ROM code to turn off/on the RAM Protect by 
loading a bit D6 in the IMR register to either a 0 or 1, 
respectively. A 1 in D6 indicates RAM Protect enabled. 
This option is only available in the Z86E30. 

Stack. The Z86E30/E31 has 236/124 general-purpose 
registers. An 8-bit Stack Pointer (A255) is used for the 
internal stack that resides within the general-purpose 
registers. 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO and T1), each driven by its own 6-bit 
programmable prescaler. The T1 prescaler can be driven 
by internal or external clock sources; however, the TO 
prescaler is driven by the internal clock only (Figure 12). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 

TIN P31 

Internal 
Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

Z86E30JE31 CMOS B·BIT zae CCP"" 
C<lNSUMER CONTROLLER PROCESSORS 

prescaler drives its counter, which decrements the value 
(1to256) that has been loaded into the counter. When the 
counter reaches the end of count, a timer interrupt request, 
IRQ4 (TO) or IRQ5 (T1 ), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single II •• pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P30) as an external 
clock, a trigger input that can be retriggerable or not
retriggerable, or as a gate input for the internal clock. Port 
3 line P36 serves as a timer output (Tour) through which TO, 
T1 or the internal clock is output. The counter/timers are 
cascaded by connecting the TO output to the input of T1. 

Internal Data Bus 

i----TOUT 

P36 

Internal Data Bus 

Figure 12. Counter/Timer Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86E30/E31 has six different interrupts 
from six different sources. The interrupts are maskable and 
prioritized (Figure 13). The six sources are divided as 
follows: four sources are claimed by Port 3 lines P33-P30, 

Interrupt 
Request 

Global 
Interrupt 
Enable 

IRQ1, 3, 4, 5 

Z86E30IE31 CMOS 8-SJT zse CCP .. 
CoNSUUER CoNIROLLER PllocEssoRs 

and two in counter/timers. The Interrupt Mask Register 
globally or individually enables or disables the six interrupt 
requests (Table 4). 

IRQO IRQ2 

Interrupt 
Edge 
Select 

IRQ(D6, 07) 

6 

Vector Select 

Figure 13. Interrupt Block Diagram 

Table 4. Interrupt Types, Sources, and Vectors 

Name Source Vector LocaUon Comments 

IRQO /DAVO, IRQO o. 1 External (P32), Rising/Falling Edge Triggered 
IRQ1 IRQ1 2,3 External (P33), Falling Edge Triggered 
IRQ2 /DAV2, IRQ2, T1N 4,5 External {P31 ), Rising/Falling Edge Triggered 

IRQ3 IRQ3 6, 7 External (P30), Falling Edge Triggered 
IRQ4 TO 8,9 Internal 
IRQ5 T1 10, 11 Internal 
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When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is 
controlled by the Interrupt Priority register. An interrupt 
machine cycle is activated when an interrupt request is 
granted. Thus, disabling all subsequent interrupts, saves 
the Program Counter and Status Flags, and then branches 
to the program memory vector location reserved for that 
interrupt. All Z86E30/E31 interrupts are vectored through 
locations in the program memory. This memory location 
and the next byte contain the 16-bit starting address of the 
interrupt service routine for that particular interrupt 
request. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests need 
service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling or both edge trig
gered, and are programmable by the user. The software 
may poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select are located 
in bits 07 and 06 of the IRQ Register (R250). The configu
ration is shown in Table 5. 

XTAL1 

C1I 

'=' ~ 

XTAL2 

C2I 

'=' 

Ceramic Resonator or 
Crystal 
C1, C2=47pFTYP• 
f=BMHz 

C1I 

L '=" 

C2I 

'=" 

LC 
C1,C2=22pF 

L=130uH• 
1=3MHz• 

• Typical value including pin parasitics 

XTAL1 

XTAL2 

Z86E30/E31 CMOS 8-BIT zae CCP'"' 
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Table 5. IRQ Register Configuration 

07 
0 
0 
1 
1 

Notes: 

IRQ 

F = Falling Edge 
R = Rising Edge 

06 
0 
1 
0 
1 

Interrupt Edge 

P31 
F 
F 
R 

R/F 

P32 
F 
R 
F 

R/F 

Clock. The Z86E30/E31 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, RC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 = Input, XT AL2 =Output). The crystal should be AT 
cut, 1 O kHz to 12 MHz max, with a series resistance (RS) 
less than or equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XT AL2 
using the vendor's recommended capacitors from each 
pin directly to device pin 22 to reduce injection of system 
ground noise. The RC oscillator option is selected in the 
programming mode. The RC oscillator configuration must 
be an external resistor connected from XTAL 1 to XTAL2, 
with a frequency-setting capacitor from XT AL 1 to ground 
(Figure 14). 

Note: RC OSC does not support 12 MHz. 

XTAL1 

C1+ 
R 

XTAL2 

RC 
@ 5V VCC (TYP) 

C1 =33 pF* 
R = 1k * 
1=6.6MHz• 

XTAL1 

XTAL2 

External Clock 

Figure 14. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for the Power-On 
Reset (POR) timer function. The POR timer allows V00 and 
the oscillator circuit to stabilize before instruction execu
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power bad to Power OK status 
2. STOP-Mode Recovery (if D5 of SMR=O) 
3. WDT time-out 

The POR time is a nominal 5 ms. Bit 5 of the STOP Mode 
Register (SMR) determines whether the POR timer is 
bypassed after STOP-Mode Recovery (typical for external 
clock, and RC/LC oscillators with fast start up time). 

HALT. This instruction turns off the internal CPU clock, but 
not the XTAL oscillation. The counter/timers and external 
interrupts IRQO, IRQ1, and IRQ2 remain active. The device 
is recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

PCON(F)OO 

Z86E30/E31 CMOS 8-BIT 1Jf' CCP,. 
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In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP instruction (opcode=FFH) immediately before the 
appropriate SLEEP instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 
or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby 
current to 1 O µA or less. STOP mode is terminated by one 
of the following resets: WDTtime-out, POR, or STOP-Mode 
Recovery Source which is defined by SMR register . This 
causes the processor to restart the application program at 
address OOOC (HEX). 

Port Configuration Register (PCON). The PORT Con
figuration Register (PCON) configures the ports ndividually: 
Comparator Output on Port 3, Open-Drain on Port 0, Low 
EMI Noise on Ports O, 2, and 3, and Low EMI Noise 
Oscillator. The PCON Register is located in the Expanded 
Register File at bank F, location 00 (Figure 15). 

Comparator Output Port 3 
0 P34, P37 Standard Output* 
1 P34, P37 Co~or Output 

Must be 1 

0 Port 0 Open-Drain 
1 Port O Pull-lJpa Active' 

0 Port 0 Low EMI 
1 Port 0 Standard* 

Must be 1 

0 Port 2 Low EMI 
1 Port 2 Standard* 

0 Port 3 Low EMI 
1 Port 3 Standard* 

• Default setting after RESET 
Low EMI Oscillator 
0 LowEMI 
1 Standard* 

8-16 
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Comparator Output Port 3 (DO). Bit O controls the 
comparator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P35 and a O releases the 
Port to its standard 1/0 configuration. 

Port 0 Open-Drain (01 ). Port O is configured as an open
drain by resetting this bit (01 = 0) and configured as pull
up active by setting 01 = 1. The default value is 1. 

LowEMI Port0(03). PortOisconfiguredasalowEMI Port 
by resetting this bit (03 =0) and configured as a Standard 
Port by setting 03 =1. The default value is 1. 

LowEMI Port2(D5). Port2isconfigured as a Low EMI Port 
by resetting this bit (05 = 0) and configured as a Standard 
Port by setting 05 = 1. The default value is 1. 

LowEMI Port3(D6). Port3isconfigured as a Low EMI Port 
by resetting this bit (06 = 0) and configured as a Standard 
Port by setting 06 = 1. The default value is 1. 

Low EMI OSC (07). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive. While a O configures the 
oscillator with low noise drive; however, it does not affect 
the relationship of SCLK and XTAL. 

STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of B 
STOP mode recovery (Figure 16). All bits are Write Only 
except Bit 7 which is a Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP Recovery and reset 
by a power-on cycle. Bit 6 controls whether a low or high 
level is required from the recovery source. Bit 5 controls the 
reset delay after recovery. Bits 2, 3, and 4 of the SMR 
register specify the STOP-Mode Recovery Source (Table 
7). The SMR is located in Bank F of the Expanded Register 
Group at address OBH. 

SCLK/TCLK Divide by 18 
0 OFF•• 
1 ON 

Ext Clock Divide by 2 
0 SCLK/TCLK • XTAL/2 • 
1 SCLK/TCLK • XTAL 

----- Stop Mode Recovery Source 
000 POROnly" 
001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR o-3 
111 P2NOR0.7 

Stop Delay 
0 OFF 
1 QN• 

Stop Recovery Level 
0 Law" 
1 High 

Stop Flag 
0 POR• 

• D*ul -.,;-RESET. 1 Slop Recovery 
"Dolaull911t1ni1-RESETondSTOP-Modo Recovery. 

Figure 16. STOP-Mode Recovery Register 
(Write Only Except D7 Which Is Read Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

SCLKITCLKDlvlde-by-16Select(DO). ThisbitoftheSMR 
controls a divide-by-16 prescaler of SCLK/TCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 
(SCLK control) and/or HALT mode (where TCLK sources 
counter/timers and interrupt logic). 

External Clock Divide-By-Two (D1)"This bit can elimi
nate the oscillator divide-by-two circuitry. When this bit is 
O, SCLK (System Clock) and TCLK (Timer Clock) are equal 
to the external clock frequency divided by two. The SCLK/ 
TCLK is equal to the external clock frequency when this bit 

SMR 04 03 02 

~ 
0 0 

VDO 

P30 
P31 
P32 

SMR 04 03 02 SMR 04 03 02 SMR 04 03 02 
001 100 101 
0 1 0 
0 1 1 

P33 P27 

Z86E30/E31 CMOS 8-Brr zee CCP"' 
CONSUMER CONIROUER PROCESSORS 

is set (01 = 1). Using this bit, together with 07 of PCON, 
further helps lower EMI [i.e., 07 (PCON) = 0, 01 (SMR) = 
1]. The default setting is 0. Maximum frequency is 4 MHz 
with 01=1 

STOP-Mode Recovery Source (02, 03, and 04). These 
three bits of the SMR register specify the wake-up source 
of the STOP-Mode Recovery (Figure 17). Table 6 shows 
the SMR source selected with the setting of 02 to 04. P33-
P31 cannot be used to wake up from STOP mode when 
programmed as analog inputs. 

SMR 04 03 02 
1 1 0 

SMR 04 03 02 
1 1 1 

ToPOR 

~~~~~~~~+-~~~~~~~~~~~~~~~~~--+~~~~~~ 
Stop Mode Recovery Edge 
Select (SMR) 

P33 From Pads 

DigitaVAnalog Mode 
Select (P3M) 

Figure 17. STOP-Mode Recovery Source 

To P33Data 
Latch and IRQ1 

Table 6. STOP-Mode Recovery Source STOP-Mode Recovery Delay Select (05). The 5 ms 

D4 03 D2 SMR Source selection 
RESET delay after STOP-Mode Recovery is disabled by 
programming this bit to a zero. A 1 in this bit causes a 5 ms 

0 0 0 POR recovery only RESET delay after STOP-Mode Recovery. The default 

0 0 1 P30 transition condition of this bit is 1. If the fast wake up mode is 

0 1 0 P31 transition (Not in analog mode) selected, the STOP-Mode Recovery source must be kept 

0 1 1 P32 transition (Not in analog mode) active for at least 5 TpC. 

0 0 P33 transition (Not in analog mode) STOP-Mode Recovery Level Select (06). A 1 in this bit 
0 1 P27 transition defines that a high level on any one of the recovery sources 
1 0 Logical NOR of Port 2 bits 0-3 wakes the Z86E30/E31 from STOP Mode. A 0 defines the 
1 1 Logical NOR of Port 2 bits 0-7 low level recovery. The default value is 0. 
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Cold or Warm Start (07). This bit is set by the device upon 
entering STOP Mode. A 0 in this bit indicates that the 
device has been reset by POR (cold). A 1 in this bit 
indicates the device was awakened by a SMR source 
(warm). This bit is read only. 

Watch-Dog Timer Mode Reglster(WDTMR). The WOT is 
a retriggerable one-shot timer that resets the ZS if it 
reaches terminal count (Figure 18). The WOT is disabled 
after Power-On Reset and initially enabled by executing 
the WOT instruction. It is refreshed on subsequent execu
tions of the WOT instruction. The WOT cannot be disabled 
when it has been enabled. The WOT is driven either by an 
on-board RC oscillator or external oscillator from XT AL 1 
pin. The POR clock source is selected with bit 4 of the WOT 
register (Figure 19). 

Note: Execution of the WOT instruction affects the Z (Zero), 
S (Sign), and V (Overflow) flags. 

WDTMR Register Accessibility. The WDTMR register is 
accessible only during the first 64 processor cycles (128 
XTAL clock cycles) from the execution of the first instruc
tion after Power-On Reset, Watch-Dog Reset, or a STOP
Mode Recovery. After this point, the register cannot be 
modified by any means, intentional or otherwise. The 
WDTMR cannot be read and is located in Bank F of the 
Expanded Register Group at address location OFH. 

WDT Time-out Period (DO and 01 ). Bits 0 and 1 control 
a tap circuit that determines the time-out periods that can 
be obtained. Table 7 shows the time-out period. The 
default value of DO and 01 are 1 and 0, respectively. 

WDTMR (F)OF 

lool~l~l~lool~l~!ool 

D1 

0 
0 
1 
1 

Notes: 

Z86Em31 CMOS 8-BIT 'z.ae ccp
CONsullER CoNIROLLER PllocEssoRs 

Table 7. Time-out Period of the WDT 

DO 

0 
1 
0 
1 

Time-Out of Time-Out of 
Internal RC OSC the Crystal Clock 

5ms 
15ms 
25ms 
100ms 

256TpC 
512TpC 
1024TpC 
4096TpC 

TpC = crystal clock cycle 
The default setting is 15 ms. 
Values shown are for Vee= 5.0V. 

WDT During the HALT Mode (02). This bit determines 
whether or not the WOT is active during HALT mode. A1 
indicates that the WOT is active during HALT. A 0 disables 
the WOT in HALT mode. The default value is 1. 

WDT During STOP Mode(D3). This bit determines whether 
or not tlJe WOT is active during STOP. mode. A.1 indicates 
active during STOP Mode. A 0 disables the WOT during 
STOP mode. Since the on-board OSC is stopped during 
STOP mode, the WOT clock source has to select the on
board RC OSC for the WOT to recover from STOP mode. 
The default is 1. 

Clock Source For WDT (04). This bit determines which 
oscillator source is used to clock the internal POR and WOT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WOT clock source is driven 
from the external pin, XTAL 1. The default configuration of 
the bit is 0, which selects the RC oscillator. 

-~ I I ..,,.. '"''"""" --00 5 ms 266 TpC 
01 • 15ms 512TpC 
10 25 ms 1024 TpC 
11 100 ms 4096TpC 

WOT During HALT 
0 OFF 
1 ON* 

----- WOT During STOP 
0 OFF 
1 ON* 

..._ ______ XTAL1ANT RC Select for WOT 

0 On·Board RC • 
1 XTAL 

--------- Reserved (Must Be O) 

• Delautt setting alter RESET 

Figure 18. Watch-Dog Timer Mode Register 
(Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

4 Clock 1------" Clear 
Filter CLK 

18 Clock RESET 
Generator RESET 

Z86E30IE31 CMOS a.arr zae CCP .. 
CONsullER CONTROL!!R PAocEssolls 

Internal 
RESET 

WOT Select 
(WDTMR) >------1-------i---:, ____ w~o_T __ TA.P __ s_EL.E_c_T_. 

CK Source 
Select >------t--

(WDTMR) 

XTAL 

RC 
osc. 

2V Operating 
VDD + Voltage Det. 

2VREF. 

From STOP-Mode 
Recovery Source 

12 ns Glitch Filter 

WOT>---------' 

M 
u 
x 

5msPOR 
CK 

CLR 

Stop Delay >------------' 
Select (SMR) 

5ms 15ms 25ms 100ms 

WDT/POR Counter Chain 

Figure 19. Resets and WDT 
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Auto Reset Voltage. An on-board Voltage Comparator 
checks that Vee is at the required level to ensure correct 
operation of the device. Reset is globally driven if Vee is 
below VRST (Figure 20). 

Vee 2.80 
(Volts) 

2.60 

2.40 

2.20 

N 
~ 

f'... 

1' 

Z86E30A!31 CMOS 8-BIT zae CCP"' 
CONSUllER CONIROLLER PROCESSORS 

If the V cc drops below 4.5V while the device is in operation, 
the device must be powered down and then re-powered 
up again. Note: Vee must be in the allowed operating 
range (4.5V to 5.5V) prior to the minimum Power-On Reset 
time-out (T PoR). 

2.00 

"'l 
~ 1.80 

1.60 ~ 
"' ~ 1.40 

-80 --40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Figure 20. Typical Z86E30/E31 VRST Voltage vs Temperature 
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FUNCTIONAL DESCRIPTION (Continued) 

EPROM Programming Mode 
Table 8 shows the programming voltages of each pro
gramming mode. Table 9, Figures 21, 22, and 23 show the 
programming timing of each programming mode. Figure 
24 shows the flow-chart of an Intelligent Programming 
Algorithm, which is compatible with a 2764A EPROM 
(Z86E30/E31 is 4K/2K EPROM, 2764A is BK EPROM). 

Z86E30JE31 CMOS 8-BIT U- CCP,. 
CONSUMER CONTROLLER PRoceSSORS 

Figure 25 shows the circuit diagram of the Z86E30/E31 
programming adaptor which adapts from 2764A toZ86E30/ 
E31. Since the EPROM size of Z86E30/E31 differs from 
2764A, the programming address range should be set 
from OOOOH to OFFFH. 

Table 8. EPROM Programming Table 

Programming Modes Vpp EPM /CE /OE /PGM ADDR DATA Yee" 

EPROM READ1 x VH VIL VIL V1H ADDA Out 4.5Vt 
EPROM READ2 x VH VIL VIL V1H ADDA Out 5.5Vt 

PROGRAM VH x VIL VIH VIL ADDA In 6.0V 
PROGRAM VERIFY VH x VIL VIL V1H ADDA Out 6.0V 

EPROM PROTECT VH VH VH VIH VIL NU NU 6.0V 
RC OSCILLATOR SELECT VH VIL VH VIH VIL NU NU 6.0V 
RAM PROTECT VH V1H VH VIL VIL NU NU 6.0V 

Notes: 
VH .12.5V 
V1H As per specific ZS DC specification. 
VIL = As per specific ZS DC specification. 
x = Not used, but must be set to VH, V1H, or V1L level. 
NU = Not used, but must be set to either V1H or V1L level. 
lpp during programming = 40 mA maximum. 
Ice during programming, verify, or read= 40·mA maximum. 
•Vee has a tolerance of ±0.25V. 
t Although most progammers do an EPROM read at V00 = 5.0V. Zilog 
recommends an EPROM read at V 00 = 4.5V and 5.0V to ensure proper 
device operations during the V 00 after programming. 

Table 9. EPROM Programming Timing 

Parameters Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VppSetup 2 µs 
4 V cc Setup Time 2 µs 

5 Chip Enable Setup Time 2 µs 
6 Program Pulse Width 0.95 ms 
7 Data Hold Time 2 µs 
8 /OE Setup Time 2 µs 

9 Data Access Time 200 ns 
10 Data Output Float Time 100 ns 
11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 µs 

13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 

VIH 

_v..,iL ______ X Address stable 

VIH r l:o Min 

VIL 
Invalid 

VH 

VIL 

VH 

VIL 

® 
4. v 

Z86E30IE31 CMOS 8-BIT zae CCP'" 
CONsullER CONlRoLLER PRocEssolls 

><~-A_d_d_re_ss_s_ta_b_1e__,){~-----

Invalid 

5.5V 

\lalid 

~ 
~ 

VIH 

VIL "--+--------.sf 
--~s.,_ __ 

VIL 

VIH 

VIL 

® 

Figure 21. EPROM READ Mode Timing Diagram 
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ft'21UJ6 Z86E30/E31 CMOS 8-BIT Z8" CCP"' 
CONSUMER C0NrRouER PROCESSORS 

FUNCTIONAL DESCRIPTION (Continued) 

Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 

8-24 

VIH 

VL 

VIH 

VL 

VH 

VIH 

VH 

VL 

6V 

4.5V 

VIH 

VL 

VIH 

VIL 

VIH 

VL 

...----Program Cycle ___ ....,.....___Verify Cycle 

Figure 22. Timing Diagram of EPROM Program and Verify Modes 



't'2il..C6 

Address 

Data 

VPP 

Vee 

/CE 

/OE 

EPM 

/PGM 

VIH 

VIL 

VIH 

VIL 

VH 

VIH 

VIH 

VIL 

VH 

VIH 

VIL 

VIH 

VIL 

EPROM Protect RC Oscillator 

Z86E30IE31 CMOS B-Brr :ZS- CCP'" 
CONSUMER CONTROU£A PROCESSORS 

VIL 

RAM Protect 

Figure 23. Timing Diagram of EPROM Protect, RAM Protect, and RC OSC Modes 
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FUNCTIONAL DESCRIPTION (Continued) 

Increment 
Address 

Note: •To ensure proper operations during the spec .. 
Zilog recommends verification over the Vee 
range of the device Vee spec. 

Stllrt 

Device Passed 

Figure 24. Z86E30JE31 Programming Algorithm 
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AO 

A1 

A2 

A3 

A4 

A5 

AB 

A7 

U1 

DO 24 
P20 

~ 25 
P21 

_D_2 -26J P22 
03 27 

P23 
04 28 

P24 
05.. ..1 P25 

....t!fi i P26 
07 3 

P27 

19 
POO P30 18 

20 P31 11 
P01 

21 
P02 P32 

12 EPM 

23 P33 13 VPP 
P03 

4 P04 P34 14 AB 

_s_ 
P05 P35 15 A9 

6 P06 P38 17 A10 

7 P07 P37 
16 A11 

XTAL1 
_10_ 

XTAL2 ~ 
Z88E30/31 
28-PlnDIP 

Socket 

U3 

12.5V 16 X1 

EPM 
GND 4 X3 3 

VCC 

02 3 

04 6 

5.0V 

IH5043 

AO 10 

A1 9 

_N._ _.a_ 

A3 7 

A4 8 

.& 5 

..M. 4 

A7 3 

A4 25 

_A5_ 24 

_A6_ _2:! 

A7 23 

~ 27__,. ... 
1 KOhm -1A R2 .2. 

·vvv 2Q,. ... 
1 KOhm 1J\ R1 .2.. 

·vvv- 2~ ... 

U2 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

A9 

A10 

A11 

A12 

/PGM 

/CS 

/OE 

Z86E30IE31 CMOS 8-BIT U8 CCP'" 
CONsullER CONlRoWR PRocEssolls 

00 111 DO 

01 
Lt2_ 01 

02 13 02 

03 1..1§_ ..m.. 
04 

16 04 

05 L1Z. _.I:!§_ 

06 18 06 

07 19 07 

GND 14 GND 

vcc 28 vcc 

VPP 1 VPP 

2784Plna of·~~ 
GND 

12.5 Volt 

P1 
1 R5 2 

Note: The programming address must be set to 
OOOOH - OFFFH (Lower 4K Byte Memory). 

Figure 25. Z86E30IE31 Programming Adaptor Circuitry 
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'tl2HJJ6 
ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage (*) -0.3 +7.0 v 
VIHM ** Max Input Voltage 7 v 
TSTG Storage Temp -65 +150 c 
TA Oper Ambient Temp t c 

Power Dissipation 2.2 w 
Notes: 
* Voltage on all pins with respect to Ground. 
** Applies to all Port pins, except Port 31, 32, 33 and must limit current 

going into and out of Port pin to 250 µA maximum. 
t See Ordering Information. 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 26). 

CAPACITANCE 

Z86E30/E31 CMOS 8-BIT zae CCP,. 
CONSUMER CONTROLLER PROCESSORS 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

From Output n--------Under1'est 

Figure 26. Test Load Configuration 

TA= 25°C; Vee= GND = OV; f = 1.0 MHz; unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Vee SPECIFICATION 
Vee= 5.0V ±0.5V 

8-28 

Min 

0 
0 
0 

Max 

12 pF 
12 pF 
12 pF 



't'2iUJG Z86E30/E31 CMOS B·BIT zs• CCP"' 
CONSUMER CONTROLLER PROCESSORS 

DC ELECTRICAL CHARACTERISTICS 

Vee TA= 0°Cto +70°C Typical 
Symbol Parameter Note[3) Min Max @ 25°C Units Conditions Notes 

Max Input Voltage 5.0V Vee +0.5V v l1N <250 µA [7] 

VeH Clock Input High Voltage 5.0V 0.7 Vee Vce+0.3V 2.5 v Driven by External II Clock Generator 

VcL Clock Input Low Voltage 5.0V Vss --0.3 0.2 Vee 1.5 v Driven by External 
Clock Generator 

V1H Input High Voltage 5.0V 0.7 Vee Vee +0.3 2.5 v [7] 

V1L Input Low Voltage 5.0V Vss--0.3 0.2 Vee 1.5 v 
VoH Output High Voltage 5.0V Vee --0.4 4.8 v loH=-2.0mA (9] 

(Low EMI Mode) 5.0V v cc --0.4 4.8 v 10H = --0.5 mA (8] 

Vou Output Low Voltage 5.0V 0.4 0.1 v loL = +4.0 mA (9] 
(Low EMI Mode) 5.0V 0.4 0.1 v IOL = +1.0 mA [8] 

Vo12 Output Low Voltage 5.0V 1.5 0.3 v l0L =+12 mA, (9] 
3 Pin Max 

v OFFSfJ Comparator Input 5.0V 50 10 mV 
Offset Voltage 

Ill Input Leakage 5.0V -10 +10 <1 µA V1N=OV, Vee 

loL Output Leakage 5.0V -10 +10 <1 µA V1N = OV, Vee 

Ice Supply Current 5.0V 16 15 mA @8MHz (4,5,11] 
(Standard Mode) 20 18 mA @12 MHz (4,5,11] 

Notes: 
[1] lcC1 Typ Max Unit Freq 

Clock-driven XTAL 0.3mA 6.0 mA BMHz 
Crystal or resonator 3.5mA 6.0 mA BMHz 

[2] Vs8=0V=GND. 
[3] V cc must be in the allowed operating range (4.5V to 5.5V) prior to 

the minimum TPOA timeout. Vee specified at 4.5V to 5.5V. 
[4] All outputs unloaded, 1/0 pins floating, inputs at rail. 
[5] CL1=CL2=100 pF. 
[6] Same as note [4] except inputs at Yee· 
[7] Except clock pins and Port 3 input pins in EPROM mode. 
[8] Port Low EMI mode. 
[9] Port STD mode. 
[10] SMR Reg Bit 01=1. 
[11] Z86E30 only. 
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ttl21UJ6 Z86E30/E31 CMOS &-Brr zae CCP .. 
CONsullER COlfTRouER PRocessoRs 

DC ELECTRICAL CHARACTERISTICS (Continued) 

Yee TA = O"C to +70"C Typical 
Symbol Parameter Note[3] Min Max ct 25°C Units Conditions Notes 

lcc1 Standby Current 5.0V 6.0 3.5 mA HALTmodeVIN=OV, Vee [4,5] 
(Standard Mode) Vcc@BMHz 

5.0V 3.0 1.50 mA Clock Oivide-by-16 [4,5] 
@BMHz 

Ice Supply Current 5.0V 7.5 5.0 mA @2MHz [4,5,10] 
(SCLK/TCLK = XTAL) 5.0V 12.0 8.0 mA @4MHz [4,5,10] 

lcc1 Standby Current 5.0V 2.0 1.0 mA @2MHz [4,5,10] 
(SCLK/TCLK = XTAL) 5.0V 3.0 1.5 mA @4MHz [4,5,10] 

lcc1 (Standard Mode) 5.0V 2.0 0.75 mA Clock Oivide-by-16 [4,5] 
@2MHz 

5.0V 2.0 1.0 mA Clock Oivide-by-16 [4,5] 
@4MHz 

lcC2 Standby Current 5.0V 10 2 ~ STOP mode V1N = OV, Vee [6] 
WOT is not Running 

5.0V 800 450 ~ STOP mode V1N =OV, Vee (6] 
WOT is Running 

llLI. Auto Latch Low Current 5.0V -10 -5 ~ 0V<V11<Vr:c 

IAl.H Auto Latch High Current 5.0V 20 10 ~ OV<V1N<Vcc 

TPOR Power-On Reset 5.0V 2.5 4.5 ms [3] 

VAST Auto Reset Voltage 3.0 2.6 v 
Notes: 
[1] lcc1 Typ Max Unit Freq 

Clock-driven XTAL 0.3mA 6.0 mA BMHz 
Crystal or resonator 3.5mA 6.0 mA BMHz 

[2] Vss=OV=GND. 
[3] V 00 must be in the allowed operating range (4.5V to 5.5V) prior to 

the minimum T""" timeout. V00 specWied at 4.5Vto 5.5V. 
[4] All outputs unloaded, 1/0 pins floating, Inputs at rail. 
[5] CL1=Cl2=100 pF. 
[6] same as note [4] except Inputs at Vee· 
[7] Except clock pins and Port 3 Input pins In EPROM mode. 
[8] Port Low EMI mode. 
[9] Port STD mode. 
[10] SMR Reg Bit 01=1. 
(11] Z86E30 only. 
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't'2H.!J6 
AC ELECTRICAL CHARACTERISTICS 
Additional Timing Diagram (Standard Mode for SCLK/TCLK + XT AIJ2) 

Clock 

Clock 
Setup 

Stop 
Mode 

Recovery 
Source 

11 

~~~-~--. .:::~==@-10~---------·~-----
Figure 27. Additional Timing 

Z86E30/E31 CMOS B·Brr ZP CCP'" 
CoNSUMER CONTROl.1£R PllocEssORS 
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4'211..C6 Z86E30IE31 CMOS 8-Brr zae CCP"' 
CONSUMER CoN!RoWR PROCESSORS 

AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Standard Mode) 

TA= 0°C to +70"C 
Yee 8 MHz (11) 12 MHz[11] 

No Symbol Parameter Note[&] Min Mu Min Max Units Notes 

TpC Input Clock Period 5.0V 125 DC 83.3 DC ns (1) 

2 TrC,TIC Clock Input Rise 5.0V 25 15 ns [1] 
and Fall Times 

3 TwC Input Clock Width 5.0V 62.5 41.6 ns (1) 

4 TwTinL Timer Input Low Width 5.0V 70 70 ns [1] 

5 TwTinH Timer Input High Width 5.0V 5TpC 5TpC (1] 

6 TpTin Timer Input Period 5.0V 8TpC 8TpC (1) 

7 TpTin Timer Input Rise 5.0V 100 100 ns (1) 
TITin and Fall Timers 

BA TwlL Int. Request Low Time 5.0V 70 70 ns [1,2] 

88 TwlL Int. Request Low Time 5.0V 5TpC 5TpC [1,3] 

9 TwlH Int. Request Input 5.0V 5TpC 5TpC [1,2] 
High Time 

10 Twsm STOP-Mode Recovery 5.0V 12 12 ns 
Width Spec 

11 Tosi Oscillator Start-up Time 5.0V 5TpC 5TpC [4) 

12 Twdt Watch-Dog Timer 5.0V 5 5 ms D1 =0 [5][7] 
Delay Time 5.0V 15 15 ms D1 =0 [5] [8] 

5.0V 25 25 ms D1=1 [5] [9] 
5.0V 100 100 ms D1 = 1 [5] [10] 

Notee: 
[1] Timing Reference uses 0. 7 Vee for a logic 1 and 0.2 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31 ). 
[3] Interrupt request through Port 3 (P30). 
(4] SMR-D5 = 0. 
[5] Reg. WDTMR. 
[6] 5.0V .±0.SV 
[7] Reg. WDTMR D1 = 0, DO = 0. 
[8] Reg. WDTMR D1 = 0, DO = 1. 
[9] Reg. WDTMR D1=1, DO= 0. 
[10) Reg.WDTMR D1=1, DO= 1. 
(11] Z86E30 max frequency= 12 MHz; Z86E31 max frequency= 8 MHz. 
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Z86E30/E31 CMOS B·BIT zae ccp~ 
CONSUMER CoNTROLLER PROCESSORS 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

ROY 
(Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

-~ ..................................................................................................................... .. 
Data In Valid Next Data In Valid 

-~ ...................................................................................................................... . 

Delayed DAV / ,_ ..................................................... J~ ................................... / 

Delayed ROY / 
, ______ , __ ... , .......................................... ,..i" 

Figure 28. Input Handshake Timing 

- ·---------~································ 
Data Out Valid Next Data Out Valid 

~ ·---------~································ 

Figure 29. Output Handshake Timing 

8·33 

II 



ft'21Lm Z86E30t'E31 CMOSS.BITZPCCP"' 
C0NsullER CON1RoLLER PRocEssolls 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table - Standard Mode 

TA= O°C to +70"C 
Yee 8MHz,12 MHz (2) Data 

No Symbol Parameter Nota[1] Min Max Direction 

1 TsDl(DAV) Data In Setup Time 5.0V 0 IN 

2 ThDl(DAV) Data In Hold Time 5.0V 115 IN 

3 TwDAV Data Available Width 5.0V 110 IN 

4 TdDAVl{RDY) DAV Fall to 
ROY Fall Delay 5.0V 115 IN 

5 TdDAVld(RDY) DAV Rise to 
ROY Rise Delay 5.0V 80 IN 

6 TdRDYO(DAV) ROY Rise to 
DAV Fall Delay 5.0V 0 IN 

7 TdDO(DAV) Data Out to 
DAV Fall Delay 5.0V 63 OUT 

8 TdDAVO(RDY) DAV Fall to 
ROY Fall Delay 5.0V 0 OUT 

9 TdRDYO(DAV) ROY Fall to 
DAV Rise Delay 5.0V 115 OUT 

10 TwRDY ROY Width 5.0V 80 OUT 

11 TdRDYOd(DAV) ROY Rise to 
DAV Fall Delay 5.0V 80 80 OUT 

Note: 
[1] 5.0V :t0.5V Standard operating temperature range OOC to +70"C. 
[2) Z86E30 max frequency= 12 MHz; Z86E31 max frequency= 8 MHz. 
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Z86E30/E31 CMOS 8-BIT zse CCP"' 
CONSUMER CoNlRoLLER PROCESSORS 

EXPANDED REGISTER FILE CONTROL REGISTERS 

PCON (%F) %00 

• Default setting after RESET 

Comparator Ouput Port 3• 
0 P34, P37 Standard Output 
1 P34, P37 Comparator Output 

Must be 1 

O Port O Opan-Drain 
1 Port O Push-pull* 

0 Port 0 Low EMI 
1 Port o Standard* 

Must be 1 

0 Port 2 Low EMI 
1 Port 2 Standard* 

0 Port 3 Low EMI 
1 Port 3 Standard* 

Low EMI Oscillator 
0 LowEMI 
1 Standard" 

SMR (F)OB 

SCLK/TCLK Divide by 16 
0 OFF"" 
1 ON 

Ext Clock Divide by 2 
0 SCLK/TCLK = XTAL/2 * 
1 SCLK/TCLK = XTAL 

Stop Mode Recovery Source 
000 POR Only" 
001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0-3 
111 P2 NOR 0-7 

Stop Delay 
0 OFF 
1 ON" 

Stop Recovery Level 
0 Low" 
1 High 

Figure 30. Port Configuration Register 
(Write Only) 

Stop Flag 
0 POR• 

• Default setting after RESET. 1 Stop Recovery 
- Default setting after RESET and STOP·Mode Recovery. 

Figure 31. STOP·Mode Recovery Register 
(Write Only Except Bit D7, Which Is Read Only) 

WDTMR (F)OF 

l~slo4loaloL2I~ 
WDTTAP INTRCOSC 

00 5ms 
01* 15ms 
10 25ms 
11 100 ms 

WOT During HALT 
0 OFF 
1 ON* 

------ WOT During STOP 
0 OFF 
1 ON* 

Extemal Clock 
256TpC 
512TpC 

1024 TpC 
4096TpC 

------- XTAL1/INT RC Select for WOT 
0 On-Board RC • 
1 XTAL 

,__ _________ Reseived (Must be O) 

* Default setting after RESET 

Figure 32. Watch-Dog Timer Mode Register 
(Write Only) 
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zs• CONTROL REGISTER DIAGRAMS 

R240 

R241TMR 

R242T1 

8-36 

Reserved 

Figure 33. Reserved 

O No FuncUon 
1 LoedT0 

O Disable T 0 Count 
1 Enable T 0 Count 

0 No Function 
1 LoedT 1 

0 Disable T 1 Count 
1 Enable T 1 Count 

TN Modes 
00 ExtBrnal Clock Input 
01 Gate Input 
1 O Trigger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Retrlggerable) 

~~~.!i 
~~ ~og~ 
11 1nlemal Clock Out 

Figure 34. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 

01-00HEX) 
T1 Current Value 

(When Read) 

Figure 35. Counter Timer 1 Register 
(F2H: Read/Write) 

R243PRE1 

R244 TO 

R245 PREO 

R246 P2M 

Z86E30/E31 CMOS 8-BIT zae CCP"' 
CONSUMER CONTROLLER PROCESSORS 

Count Mode 
O T 1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 
O TL External Tlmlng Input 

(TIN) Mode 

Prescaler Modulo 
(Range: 1-64 Decimal 
01--00HEX) 

Figure 36. Prescaler 1 Register 
(F3H: Write Only) 

To Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

To Current Value 
(When Read) 

Figure 37. Counter!Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
0 T 0 Single Pass 
1 To Modulo N 

Reserved (Must Be 0) 

Prescaler Modulo 
(Range: 1-64 Decimal 
01-00HEX) 

Figure 38. Prescaler O Register 
(FSH: Write Only) 

P21 - P2o VO Definition 
O Dellnes Bit as Ou1put 
1 Defines Bit as Input 

Figure 39. Port 2 Mode Register 
(F6H: Write Only) 



R248 P01M 

o Port 2 Open-Drain 
1 Port 2 Push-pull 

O P31, P32 Digital Mode 
1 P31, P32Analog Mode 

o P32=1nput 
P35=0utput 

1 P32 = /D/il/O/RDYO 
P35 = RDYO//DAVO 

Reserved (Must be O) 

0 P31 =Input (TIN) 
P36 = Output (TOUl) 

1 P31 = /D/il/2/RDY2 
P36 = RDY21/DAV2 

0 P30=1nput 
P37 =Output 

Reserved (Must be 0) 

Figure 40. Port 3 Mode Register 
(F7 H: Write Only) 

lmlool~l~l 00 l~l~l 00 I 

~ I ' -~-00 =Output 
01 =Input 
1X = Reserved 

Stael< Selection 
1 =Internal 

'------- Reserved (Must be O) 

L---------- P07 • P04 Mode 
00= Output 
01 =Input 
1 X = Reserved 

Figure 41. Port O and 1 Mode Register 
(Fa.t: Write Only) 

R249 IPR 

--r-

R250 IRQ 

R251 IMR 

T j 

Z86E30/E31 CMOS 8·BIT zae ccp~ 
CoNSUllER CONlROLLER PROCESSORS 

Interrupt Group Priority 
Reserved = ooo 
C>A>B=001 
A>B>C=010 
A> C > 8=011 
B>C >A= 100 
C> B>A= 101 
B>A>C=110 
Reserved = 111 

IRQ1. IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IRQ4>1RQ1 

IRQO, IRQl! Priority (Group B) 
0 IROl!>IRQO 
1 IRQO>IRQl! 

IRQ3, IRQ5 Priority (Group A) 
0 IR05>1RQ3 
1 IRQ3>1RQ5 

Reserved (Must be O) 

Figure 42. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IRQ4•TO 
IRQ5=T1 

ln~1~geP32J. =00 
P31 J. P32t =01 
P31 t P32J. =10 
P31 tJ. P32 t .!.= 11 

Figure 43. Interrupt Request Register 
{F.\i: Read/Write) 

lmlool~l~l 00 l~l~l 00 I 

11 ._____ -

t RAM Protect option 11'J&t be previously selected. 

1 Enables IRQ5-IRQO 
(00 =IRQO) 

1 Enables RAM Protect t 

1 Enables Interrupts 

Figure 44. Interrupt Mask Register 
(FBH: Read/Write) 
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za• CONTROL REGISTER DIAGRAMS (Continued) 

R252 FLAGS 

R253RP 

User Flag F1 

User Flag F2 

Haw carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 45. Flag Register 
(FCH: Read/Write) 

1~1~1~1~1001~1~1001 

8-38 

I I ...___I -

Expanded Register Fiie 

r 4} 
r 5 Register Pointer 
rs 
r 7 

Figure 46. Register Pointer 
(FDtt: Read/Write) 

R254GPR 

R255SPL 

Z86E30/E31 CMOS 8-Brr zse CCP~ 
CoNsuMER CoNTROLLER PROCESSORS 

'------- 0 =0 Slate 
1=1 state 

Figure 47. General-Purpose Register 

,_______ Slack Pointer Lower 

Byte (SP7 - SPO) 

Figure 48. Stack Pointer 
(FFH: Read/Write) 



ftl2HJJ6 
INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRA 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86E30/E31 CMOS B-Brr zae CCP"' 
CONSUMER CONnloWR PAocEssoRS 

Flags. Control register (R252) contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 
* 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 
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ft'2iUJ6 Z86E30JE31 CMOS S·BIT zse CCP'" 
CONSUMER CONTROLLER PROCESSORS 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry c = 1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XORV) = 0 
0001 LT Less than (S XOR V) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=O 
0111 ULT Unsigned Less Than C=1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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INSTRUCTION FORMATS 

Z86E30/E31 CMOS B·BIT zaeccp· 
CONSUMER CONTROLLER PROCESSORS 

OPC CCF, DI, El, IRET, NOP, 
ACF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC I MOOE CLR, CPL, DA, DEC, 
OR I 1 11 0 I dstl I DECW, INC, INCW, dst/src src POP, PUSH, RL, RLC, 

RR, ARC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dst oi:d111ol dst 

OPC SAP 

VALUE 

OPC I MOOE ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 

dst src TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src src.tdst 
LDC,LDCI 

I dst/src I OPC LD 

ORl111ol src srrJdst 

dst OPC LD 

VALUE 

I dst/CC L OPC DJNZ, JR 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" +- ". For example: 

dst +- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

----- ADC, ADD, AND, CP, 
OR 1 1 1 O src LO, OR, SBC, SUB, 

1----+----.1 TCM, TM, XOR 
OR 1110 dst 

OPC l MOOE ----- ADC, ADD, AND, CP, 
clst OR I 1 11 0 I dst LO, OR, SBC, SUB, 

VALUE 

MODE} OPC 

dst/src l x 
ADDRESS 

cc l OPC 

DAU 

DAL 

• , TCM, TM, XOR 

-----OR 1110 

OR 1110 

src 

dst 

LD 

LD 

JP 

CALL 

Three-Byte Instructions 

notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 
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~2il..C6 
Z86E30JE31 CMOS 8-BIT za• CCP'" 

CoNSUMER CONTROLLER PROCESSORS 

INSTRUCTION SUMMARY (Continued) 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) C Z S V D H and Operation dst src (Hex) C Z S V D H 

ADCdst, src t 1 [ J * * * * 0 * INC dst rE - * * * -dst~dst + src + C dst~dst + 1 r = 0-F 
R 20 

ADDdst, src t O[ ) * * * * 0 * IR 21 
dst~dst + src 

INCWdst RR AO - * * * - . 
AND dst, src t 5[ J . * * 0 - . dst~dst + 1 IR A1 
dst~dst AND src 

IRET BF * * * * * * CALLdst DA 06 - . . . . - FLAGS~@SP; 

SP~SP-2 IRR 04 SP~SP + 1 
@SP~PC, PC~@SP; 

PC~dst SP~SP + 2; 
IMR(7)~1 

CCF EF * - . - . . 
C~NOTC JP cc, dst DA co - . . - - . 

if cc is true C=O-F 
CLR dst R BO . . - - - - PC~dst IRR 30 
dst~O IR 81 

JR cc, dst RA cB . . . . - . 
COMdst R 60 . * * 0 -

. if cc is true, c = 0-F 
dst~NOT dst IR 61 PC~PC + dst 

Range:+127,-128 
CP dst, src t A[ ) * * * * . . 
dst- src LO dst, src Im re . - . . . -

dst~src r R r8 
DAdst R 40 * * * x - . R r9 
dst~DAdst IR 41 r=O-F 

r x C7 
DEC dst R 00 . * * * . . x r 07 
dst~dst-1 IR 01 r Ir E3 

Ir r F3 
DECWdst RR 80 . * * * - . R R E4 
dst~dst-1 IR 81 R IA ES 

R IM E6 
DI SF . . . . . . IR IM E7 
IMR(7)~0 IR R F5 

DJNZr, dst RA rA . - . . . . LDC dst, src Irr C2 
r~r-1 r = 0-F 
if r .. o LOCI dst, src Ir Irr C3 
PC~PC + dst dst~src 

Range:+127,-128 r~r +1; 
rr~rr + 1 

El 9F - - . . - . 
IMR(7)~1 

HALT 7F - - . . . . 
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ft'21Ul6 Z86E30/E31 CMOS a.err 1.88 ccp· 
CONSUllER CONiROLLER PROCESSORS 

Address Opcode Address Opcode 

Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 

and Operation dst arc (Hex) C Z S V D H and Operation dst arc (Hex) CZSVDH 

NOP FF - - - - STOP 6F - - - -

OR dst, src t 4[ 1 - * * 0 - - SUBdst, src t 2[ 1 * * * * * El dst~dst OR src dst~dst - src 

POPdst R 50 - - - - - - SWAPdst R FO x * * x - -
dst~@SP; IA 51 ,,25 IR F1 

SP~SP + 1 o! 

PUSH src R 70 - - - - - -
SP~SP-1; IR 71 TCM dst, src t 6[ 1 - * * 0 - -
@SP~src (NOT dst) AND src 

RCF CF 0 - - - - - TMdst, src t 7[ J - * * 0 - -
c~o dstAND src 

RET AF - - - - - - WOT 5F - x x x 
PC~@SP; 

SP~SP+ 2 XOR dst, src t B[] - * * 0 
dst~dst XOR src 

RLdst R 90 ****- -
~ 

IR 91 t These instructions have an identlcal set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 

RLCdst R 10 * * * * - -
in this table, and its value is found In the following table to the left of the 
applicable addressing mode pair. 

~ 
IR 11 

For example, the opcode of an AOC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

RRdst R EO * * * * - -
CfuL:(Cjjl IR E1 

AddreuMode Lower 
dst arc Opcode Nibble 

RRCdst R co * * * * - -
C@Ht5jJ IR C1 

[2] 

Ir [3] 

SBC dst, src t 3[ 1 * * * * 1 * dst~dst -src - C 
R R [4] 

SCF OF 1 - - - - - R IA [5] 

c~1 
R IM [6) 

SRAdst R DO * * * 0 - -

@ IR 01 IR IM [7] 

SRP src Im 31 - - - - - -
RP~src 
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OPCODE MAP 

0 

6.5 
0 DEC 

A1 

6.5 
RLC 
A1 

6.5 
z INC 

R1 

8.0 
3 JP 

IRA1 

8.5 
4 DA 

A1 

10.5 
5 POP 

A1 

6.5 
8 COM 

A1 

10/12.1 l 
PUSH 

A2 :5 7 

:e z 10.5 
DECW 

AA1 ! 8 
Q, 
~ 

6.5 
9 RL 

A1 

10.5 
A INCW 

AA1 

6.5 
B CLR 

R1 

6.5 
c RRC 

A1 

6.5 
D SRA 

A1 

6.5 
E RR 

A1 

8.5 
F SWAP 

A1 

8-44 

z 
6.5 6.5 

DEC ADD 
IA1 r1, r2 

6.5 6.5 
RLC ADC 
IA1 r1, r2 

6.5 6.5 
INC SUB 
IA1 r1, r2 

6.1 6.5 
SRP SBC 

IM r1, r2 

8.5 6.5 
DA OR 
IA1 r1, r2 

10.5 6.5 
POP AND 
IA1 r1, r2 

6.5 6.5 
COM TCM 
IA1 r1, r2 

12/14.1 6.5 
PUSH TM 

IA2 r1,r2 

10.5 
DECW 

IA1 

6.5 
RL 
IA1 

10.5 6.5 
INCW CP 

IA1 r1. r2 

6.5 6.5 
CLR XOR 
IA1 r1. r2 

6.5 12.0 
RRC LDC 
IA1 r1, lrr2 

6.5 12.0 
SRA LDC 
IA1 lrr1, r2 

6.5 
RR 
IA1 

8.5 
SWAP 

IR1 

..,,.. 
2 

Execution 
Cyele 

3 4 

6.5 10.5 
ADD ADO 
r1, lr2 A2, A1 

6.5 10.5 
ADC AOC 
r1, lr2 A2, A1 

6.5 10.5 
SUB SUB 
r1, lr2 A2, A1 

6.5 10.5 
SBC SBC 
r1, lr2 R2, A1 

6.5 10.5 
OR OR 

r1, lr2 A2, A1 

6.5 10.5 
AND AND 
r1, lr2 A2, A1 

6.5 10.5 
TCM TCM 
r1, lr2 A2,A1 

6.5 10.5 
TM TM 

r1, lr2 A2,A1 

6.5 10.5 
CP CP 

r1. lr2 A2,A1 

6.5 10.5 
XOR XOR 
r1, lr2 R2,A1 

18.0 
LOCI 

lr1, lrr2 

18.0 20.0 
LOCI CALL' 

lrr1, lr2 IRA1 

6.5 10.5 
LD LD 

r1, IA2 R2,R1 

6.5 
LD 

lr1, r2 

Lower Nibble (Hex) 

5 8 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IA2,A1 A1,IM IA1,IM r1, A2 r2, A1 

10.5 10.5 10.5 
ADC ADC ADC 

IA2,A1 R1,IM IA1, IM 

10.5 10.5 10.5 
SUB SUB SUB 

IA2,A1 R1.IM IA1,IM 

10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1,IM IA1,IM 

10.5 10.5 10.5 
OR OR OR 

IA2, A1 A1,IM IA1,IM 

10.5 10.5 10.5 
AND AND AND 

IA2, A1 A1,IM IA1,IM 

10.5 10.5 10.5 
TCM TCM TCM 

IA2, A1 A1,IM IA1,IM 

10.5 10.5 10.5 
TM TM TM 

IA2, A1 A1,IM IA1,IM 

10.5 10.5 10.5 
CP CP CP 

IR2,A1 RUM IA1,IM 

10.5 10.5 10.5 
XOR XOR XOR 

IR2, A1 A1,IM IR1, IM 

10.5 
LD 

r1,x,A2 

20.0 10.5 
CALL LD 

DA r2,x,A1 

10.5 10.5 10.5 
LD LD LD 

IA2, A1 A1,IM IA1, IM 

10.5 
LD r A2,IA1 

.,.. 
3 

Bytes per Instruction 

Mnemonic 

Second 
Operand 

Z86E30/E31 CMOS 8-BIT zae CCP"' 
CoNSUMER CoNTROLLER PROCESSORS 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LD 
r1,AA cc, AA r1,IM 

' 
Ir 

.,,. 
2 

Legend: 
R = 8-bit address 
r = 4-bit address 

' 

D 

12.10.0 
JP 

cc, DA 

' ...,. 
3 

R 1 or r 1 = Dst address 
R 2 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: The blanks are reserved. 

• 2-byte instruction appears as a 
3-byte instruction. 

E F 

6.5 
INC 
r1 
~ 

1----1 

1----1 

1----1 

~ 
WDT 

~ 
STOP 

~ 
HAil' 

~ 
6.1 
DI 

~ 
6.1 
El 

~ 
RET 

~ 
IRET 

~ 
RCF 

~ 
SCF 

~ 
CCF 

~ 
6.0 

' NOP 

~ 



PACKAGE INFORMATION 

14 

El 

Bl 

11 B 

OPTION TABLE 

CPTION • I PACKAGE 

DI _lsrANDARD 

02 JID; 

Z86E30/E31 CMOS 8-Brr ZS- CCP"' 
CONSUMER CONTROLLER PROCESSORS 

I , I 

~ 
~YMBOL OPT I MILLIMETER INCH 

HIN HAX HIN MAX 
Al o.s1 0.91 .020 .032 
A2 J.19 3,94 .125 .155 
B 0.39 0.53 .015 .021 

Bl 
01 [.52 [.78 .060 .070 
02 1.21 l.S2 .oso .060 

c 0.23 0.38 .009 .015 

D 01 36.158 37.34 1.440 [.470 

02 35.31 35.94 1.390 1.415 

E 15.24 J:S.75 .600 .6ZO 

El OJ 13.:19 14.JO .53S .:SSS 

oz 12.83 JJ.08 .sos .515 

II 2,54 TYP .100 TYP 

eA 15.49 16.:SI .6JO .650 

L 3.19 3.91 .125 .150 

QI 01 1.52 ).91 .060 .075 
oz 1.s2 1.78 .060 .070 

01 J.52 2.29 .060 .090 s 
02 1.02 1.s2 .040 .060 

CONTROLLING DIMENSIONS • INCH 

28·Pin DIP Package Diagram 
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PACKAGE INFORMATION (Continued) 
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~.620 ~QK,d 

I II ' 
!I 1=- .625 ~ .rn 

8-46 

I ~T p I- .110 y 

28-Pin Window Cerdip Package Diagram 



ORDERING INFORMATION 

Z86E30 (12 MHz) 
28-Pin DIP 28-Pin Cerdip Window Lid 

Z86E3012PSC Z86E3012KSE 

Z86E31 (8 MHz) 
28-Pin DIP 28-Pin Cerdip Window Lid 

Z86E3108PSC Z86E3108KSE 

Z86E30JE31 CMOS B·BIT zs• CCP'" 
CONSUMER CONTROLLER PROCESSORS 

For fast results, contact your local Zilog sales office for assistance in ordering the part(s) desired. 

CODES 

Preferred Package 
P = Plastic DIP 

Longer Lead Time 
K= Cerdip Window Lid 

Temperature 
s = 0°c to + 70°C 

Speeds 
08 = 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 
E = Hermetic Standard 

Example: 
Z 86E30 12 P S C 

~ 
is a Z86E30, 12 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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FEATURES 

• S-Bit, CMOS MCU with 4 Kbytes of ROM and 
256 Bytes of RAM (236 Bytes for General Purpose) 

• Package Styles: 40-Pin DIP, 44-Pin PLCC, 44-Pin QFP 

• Software Programmable Low EMI Modes 

• Programmable Open-Drain Mode on Port 0, 
Port1 , and Port 2 

• Low-Power Consumption: 40 mW (Typical @5.0V) 

• Fast Instruction Pointer: 750 ns@ 16 MHz 

• Two Standby Modes: STOP and HALT 

• 32 lnpuVOutput Lines (Three with Comparator Inputs) 

• 25 Digital CMOS Level, Schmitt-Triggered Inputs 

• Three Digital CMOS Level Inputs 

• Three Expanded Register File Control Registers 

GENERAL DESCRIPTION 

The ZS6C40 CCP"' (Consumer Controller Processor) is a 
member of Zilog's ZS8 single-chip microcontroller family 
with enhanced wake-up circuitry, programmable watch
dog timers and low noise/EM! options. These enhance
ments result in a more efficient, cost-effective design and 
provide the user with increased design flexibility over the 
standard ZS microcontroller core. With 4 Kbytes of ROM 
and 236 bytes of general-purpose RAM, this low cost, low 
power consumption CMOS microcontroller offers fast ex
ecution, efficient use of memory, sophisticated interrupts, 
inpuVoutput bit manipulation capabilities, and easy hard
ware/software system expansion. 

PRODUCTSPECIRCAnON 

Z86C40 
CMOS ZB® 4K ROM CCP™ 
CONSUMER CONTROLLER PROCESSOR 

• Two Programmable S-Bit Counter/Timers, 
Each with a &-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Clock Speeds up to 12 MHz and 16 MHz 

• Low Voltage Protection 

• Watch-Dog/Power-On Reset Timers 

• Permanently Enabled WDT Option 

• Two Comparators with Programmable Interrupt Polarity 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, RC, or External Clock Drive 

• RAM and ROM Protect 

• Programmable Interrupt Polarity 

• Auto Latches 

The ZS6C40 architecture is characterized by Zilog's S-bit 
microcontroller core with an Expanded Register File (ERF) 
to allow access to register mapped peripheral and 1/0 
circuits. The ZS6C40 offers a flexible 1/0 scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many indus
trial, automotive, computer peripherals, and consumer 
applications. 

With ROM/ROMless selectivity, the ZS6C40 provides both 
external memory and pre-programmed ROM, which en
ables this ZS microcontroller to be used in high-volume 
applications, or where code flexibility is required. 
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GENERAL DESCRIPTION (Continued) 

For applications demanding powerful 1/0 capabilities, the 
Z86C40 provides 32 pins dedicated to input and output. 
These lines are grouped into four ports with eight lines 
each, and are configurable under software control to 
provide timing, status signals, parallel 1/0 with or without 
handshake, and address/data bus for interfacing external 
memory (Figure 1 ). 

Four basic address spaces are available to support this 
wide range of configurations: Program Memory, Register 
File, Data Memory, and Expanded Register File (ERF). The 
Register File is composed of 236 bytes of general-purpose 
registers, four 1/0 port registers, and 15 control and status 
registers. The Expanded Register File consists of two 
control registers. 

Output Input 

Counter/ 
Timers (2) 

Voo 

ALU 

Z86C40 CMOS ZS-4K ROM cep• 
CoNsuMER CONnlouER PRocEssoll 

To unburden the system from coping with the real-time 
tasks, such as counting/timing and data communication, 
the Z86C40 offers two on-chip counter/timers with a large 
number of user-selectable modes. Additionally, two on
board comparators allow analog signals to be processed 
using a common reference voltage. 

Note: All Signals with a preceding front slash, •r, are active 
Low, e.g., BINI (WORD is active Low); /B/W (BYTE is 
active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit 

GND XTAL /AS IDS R//W /RESET 

Machine Timlng 
& 

Instruction Control 

RESET 
WOT. POR 

Device 

FLAGS 

9-2 

Interrupt 
Control 

Two Analog 
Comparators 

110 
(Bit Programmable) 

Register 
Pointer 

Register File 
256x8-Blt 

Address or 1/0 
(Nibble Programmable) 

Address/Data or VO 
(Byte Programmable) 

Figure 1. Functional Block Diagram 



PIN DESCRIPTION 

R//W 1 40 IDS 

P25 2 39 P24 

P26 3 38 P23 

P27 4 37 P22 

P04 5 36 P21 

P05 6 35 P20 

P06 7 34 P03 

P14 8 33 P13 

P15 9 32 P12 

P07 10 Z88C40 31 GND 
DIP 

vcc 11 30 P02 

P16 12 29 P11 

P17 13 28 P10 

XTAL2 14 27 P01 

XTAL1 15 26 POO 

P31 16 25 P30 

P32 17 24 P36 

P33 18 23 P37 

P34 19 22 P35 

/AS 20 21 /RESET 

Figure 2. 40-Pin DIP Pin Configuration 

Table 1. 40-Pin DIP Pin Identification 

Pin# Symbol Function Direction Pin# Symbol 

1 RINI ReadN/rite Output 22 P35 
2-4 P25-P27 Port 2, Pins 5,6,7 In/Output 23 P37 
5-7 P04-P06 Port 0, Pins 4,5,6 In/Output 24 P36 

8-9 P14-P15 Port 1, Pins 4,5 In/Output 25 P30 
10 PO? Porto, Pin 7 In/Output 26-27 POO-P01 
11 Vee Power Supply 28-29 P10-P11 

12-13 P16-P17 Port 1, Pins 6, 7 In/Output 30 P02 
14 XTAL2 Crystal Oscillator Output 31 GND 
15 XTAL1 Crystal Oscillator Input 32-33 P12-P13 

16-18 P31-P33 Port 3, Pins 1,2,3 Input 34 P03 
19 P34 Port3, Pin 4 Output 35-39 P20-P24 
20 /AS Address Strobe Output 40 IDS 
21 /RESET Reset Input 

Z86C40 CMOS Z8'4K ROM CCP'" 
CoNsullER CON!ROLLER PROCESSOR 

Function Direction 

Port 3, Pin 5 Output 
Port3, Pin 7 Output 
Port3, Pin 6 Output 

Port3, Pin 0 Input 
Port 0, Pins 0, 1 In/Output 
Port 1, Pins 0, 1 In/Output 

Port 0, Pin 2 In/Output 
Ground 
Port 1, Pins 2,3 In/Output 

Porto, Pin 3 In/Output 
Port 2, Pins 0, 1,2,3,4 In/Output 
Data Strobe Output 
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PIN DESCRIPTION (Continued) 

~ ~ "' r ~ c 
~ f [ f ~ a: z 

Ill 

6 5 4 3 2 1 44 43 42 41 40 

P21 7 39 

P22 8 • 38 

P23 9 37 

P24 10 38 

IDS 11 35 

NC 12 Z86C40 34 PLCC 
RINI 13 33 

P25 14 32 

P26 15 31 

P27 16 30 

P04 17 29 

18 19 20 21 22 23 24 25 28 27 28 

~ ~ • ~ f 0 0 ~ ~ ~ -a:a: gza:a:~~ 

Figure 3. 44-Pln PLCC Pin Configuration 

Table 2. 44-Pln PLCC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol 

1 GND Ground 27 XTAL2 
2 NC Not Connected 28 XTAL1 
3-4 P12-P13 Port 1, Pins 2,3 In/Output 29-31 P31-P33 
5 P03 Porto, Pin 3 In/Output 32 P34 
6-10 P20-P24 Port 2, Pins 0, 1,2,3,4 In/Output 33 /AS 

11 IDS Data Strobe Output 34 RI/AL 
12 NC Not Connected 35 /RESET 
13 A/NJ ReadNJrite Output 36 P35 
14-16 P25-P27 Port 2, Pins 5,6,7 In/Output 37 P37 
17-19 P04-P06 Port 0, Pins 4,5,6 In/Output 38 P36 

20-21 P14-P05 Port 1 , Pins 4,5 In/Output 39 P30 
22 P07 Porto, Pin 7 In/Output 40-41 POO-P01 
23 Vee Power Supply 42-43 P10-P11 
24 NC Not Connected 44 P02 
25-26 P16-P17 Port 1 , Pins 6, 7 In/Output 

9-4 

Z86C40 CMOS Z8'4K ROM CCP• 
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P30 

P36 

P37 

P35 

/RESET 

R//RL 

/AS 

P34 

P33 

P32 

P31 

Function Direction 

Crystal Oscillator Output 
Crystal Oscillator Input 
Port 3, Pins 1,2,3 Input 
Port3, Pin 4 Output 
Address Strobe Output 

ROM/ROMless select Input 
Reset Input 
Port3, Pin 5 Output 
Port3, Pin 7 Output 
Port3, Pin 6 Output 

Port3, Pin O Input 
Port 0, Pins 0, 1 In/Output 
Port 1, Pins 0, 1 In/Output 
Porto, Pin 2 In/Output 



Pin# Symbol 

1-2 P05-P06 
3-4 P14-P05 
5 PO? 
6 Vee 
7 NC 
8-9 P16-P17 
10 XTAL2 
11 XTAL1 

12-14 P31-P33 
15 P34 
16 /AS 
17 R//RL 
18 /RESET 
19 P35 
20 P37 

P21 

P22 

P23 

P24 

IDS 

NC 

..LL 

.l. 

I 

I 

I 

I 

I 

I 

, 
34 

35 

36 

37 

38 

39 

40 

41 

42 

n r r 

~ H 
H 

' 33 32 31 30 29 28 27 26 25 24 23 

22 

21 

20 

19 

Z86E40 
18 

QFP 17 

16 

15 

14 

RJ/W 

P25 

P26 

P27 

P04 

I 

I :o 13 

12 

" 
1 2 3 4 5 6 7 8 9 10 11 ~ 

...... ...... 
m ~ • m ~ O O ~ ~ ~ ~ ~ ~ ~ ~ 0 z ~ ~ ~ 

Q.Q. > Q.Q.~~ 

Figure 4. 44-Pin QFP Pin Configuration 

Table 3. 44-Pln QFP Pin Identification 

Function Direction Pin# Symbol 

Port 0, Pins 5,6 In/Output 21 P36 
Port 1, Pins 4,5 In/Output 22 P30 
Porto. Pin 7 In/Output 23-24 POO-P01 
Power Supply 25-26 P10-P11 
Not Connected 27 P02 
Port 1, Pins 6,7 In/Output 28 GND 
Crystal Oscillator Output 29 NC 
Crystal Oscillator Input 30-31 P12-P13 

Port 3, Pins 1,2,3 Input 32 P03 
Port3, Pin 4 Output 33-37 P20-24 
Address Strobe Output 38 IDS 
ROM/ROMless select Input 39 NC 
Reset Input 40 RINI 
Port3, Pin 5 Output 41-43 P25-P27 
Port3, Pin 7 Output 44 P04 

Z86C40 CMOS Z8'4K ROM CCP'" 
CONSUMER CONTROUER PllOCESSOR 

P30 

P36 

P37 

P35 

/RESET 

:.J Rl/RL 

/AS 

P34 

P33 

P32 

P31 

Function Direction 

Port3, Pin 6 Output 
Port3, Pin O Input 
Port 0, Pin 0, 1 In/Output 
Port 1, Pins 0, 1 In/Output 
Porto, Pin 2 In/Output 
Ground 
Not Connected 
Port 1, Pins 2,3 In/Output 

Porto, Pin 3 In/Output 
Port 2, Pins 0, 1,2,3,4 In/Output 
Data Strobe Output 
Not Connected 
ReadN/rite Output 
Port 2, Pins 5,6,7 In/Output 
Port 0, Pin 4 In/Output 
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PIN FUNCTIONS 

/ROMless (input, active Low). This pin, when connected to 
GND, disables the internal ROM and forces the device to 
function as a Z86C90/CS9 ROM less ZS. (Note th~t. when 
left unconnected or pulled High to V cc the device functions 
normally as a ZS ROM version). · 

Note: When using in ROM Mode in High EMI (noisy) 
environment, the ROMless pins should be connected 
directly to V cc. 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of IDS. For 
WRITE operations, the falling edge of IDS indicates ttiat 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle for external memory 
transfer. Address output is from Port 0/Port 1 for all external 
programs. Memory address transfers are valid at the 
trailing edge of /AS. Under program control, /AS is placed 
in the high-impedance state along with Ports O and 1, Data 
Strobe, and Read/Write. 

XTAL1 Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, or RC 
network, or an external single-phase clock to the on-chip 
oscillator input. 

XTAL2 Crystal 2(time-based output). This pin connects a 
parallel-resonant, crystal, ceramic resonant, LC, or RC 
network to the on-chip oscillator output. 

R//W (output, write Low). Read/Write, the R//W signal is 
Low when the ZS6C40 is writing to the external program or 
data memory. 
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Port O (POO-P07). Port O is an S-bit, bidirectional, CMOS 
compatible port. These eight 1/0 lines are configured 
under software control as a nibble 1/0 port (P03-POO inpuV 
output and P07-P04 inpuVoutput), or as an address port for 
interfacing external memory. The input buffers are Schmitt
triggered and nibble-programmed as outputs and can be 
globally programmed as either push-pull or open-drain. 
Low EMI output buffers can be globally programmed by 
the software. Port O is placed under handshake control. In 
this configuration, Port3, lines P32 and P35 are used as the 
handshake control /DAVO and RDYO. Handshake signal 
direction is dictated by the 1/0 direction (input or output) of 
Port 0 of the upper nibble P04-P07. The lower nibble must 
have the same direction as the upper nibble. 

For external memory references, Port 0 provides address 
bits A11-A8 (lower nibble) or A15-AS (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port O can be programmed independently as 1/0 while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for 1/0 operation, they are configured by 
writing to the Port O mode register. 

In ROM less mode, after a hardware reset, Port O is config
ured as address lines A15-AS, and extended timing is set 
to accommodate slow memory access. The initialization 
routine can include reconfiguration to eliminate this ex
tended timing mode. (In ROM mode, Port 0 is defined as 
input after reset.) 

Port O is set in the high-impedance mode if selected as an 
address output state along with Port 1 and the control 
signals /AS, /DS, and R//W (Figure 5). 



0 en-Drain 

OEN 

Out 

Z86C40 
MCU 

Porto 
(110 orA15-A8) 

Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 

1.5 ..,_. 2.3 Hysteresis @ VCC = 5.0V 

Figure 5. Port 0 Configuration 

Z86C40 CMOS zse 4K ROM CCP" 
CONSUMER CONTROLLER PROCESSOR 

PAD 
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PIN FUNCTIONS (Continued) 

Port 1 (P10-P17). Port 1 is an 8-bit, bidirectional, CMOS 
compatible port (Figure 6), with multiplexed Address 
(A7-AO) and Data (07-00) ports. For the Z86C40 ROM 
device, these eight 1/0 lines are programmed as inputs or 
outputs, or can be configured under software control as an 
Address/Data port for interfacing external memory. The 
input buffers are Schmitt-triggered and byte-programmed 
as outputs and can be globally programmed as either 
push-pull or open-drain. Low EMI output buffers can be 
globally programmed by the software. 

Z86C40 
MCU 

Z86C40 CMOS Z8'4K ROM CCP• 
CoNsUMER CONnloLLER PROCESSOR 

Port 1 may be placed under handshake control. In this 
configuration, Port 3, lines P33 and P34 are used as the 
handshake controls RDY1 and /DAV1 (Ready and Data 
Available). Memory locations greater than 4095 are refer
enced through Port 1. To interface external memory, Port 
1 must be programmed for the multiplexed Address/Data 
mode. If more than 256 external locations are required, 
Port O outputs the additional lines. 

Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, /OS, and R/N/, allowing the Z86C40 to 
share common resources in multiprocessor and DMA 
applications. 

Pon1 
(l/O or AD7 -ADO) 

Handshake Controls 
/DAV1 and RDY1 

to----11~ (P33 and P34) 

OEN-----1 

PAD 

.- -------------- i 
I I Auto Latch 
I I I R-500Kn I 

------------------• 
Figure 6. Port 1 Configuration 
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Port 2 (P20-P27). Port 2 is an 8-bit, bidirectional, CMOS 
compatible 1/0 port. These eight 1/0 lines are configured 
under software control as an input or output, indepen
dently. Port 2 is always available for 1/0 operation. The 
input buffers are Schmitt-triggered. Bits programmed as 
outputs may be globally programmed as either push-pull 
or open-drain. Low EMI output buffers can be globally 
programmed by the software. 

Port 2 may be placed under handshake control. In this 
Handshake Mode, Port 3 lines P31 and P36 are used as the 
handshake controls lines /DAV2 and RDY2. The hand
shake signal assignment for Port 3 lines P31 and P36 is 
dictated by the direction (input or output) assigned to bit 7, 
Port 2 (Figure 7). 

Z86C40 
MCU 

Open Drain --------~ 

OEN------1 

Out----------..----1 

Port 2 (1/0) 

Handshake Controls 

/DAV2 and RDY2 
(P31 and P36) 

1.5...-.. 2.3 Hysteresis @ Vee= 5.0V. 

In -----< . .crt----41-------------+---' 
1- --------------

PAD 

1 Auto Latch 
I I 
I 
I R~500Kn I 
~-----------------' 

Figure 7. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port 3 (P30-P37). Port 3 is an 8-bit, CMOS compatible, four 
fixed inputs (P30-P33) and four fixed outputs (P34-P37), 
and is configured under software control for lnpuVOutput, 
Counter/Timers, interrupt, port handshake, and Data 
Memory functions. Port 3, pin 0 input is Schmitt-triggered, 
and pins P31, P32, and P33 are standard CMOS inputs (no 
Auto Latches). Pins P34, P35, P36, P37 are push-pull 
output lines. Low EMI output buffers can be globally 
programmed by the software. 

Two on-board comparators can process analog signals on 
P31 and P32 with reference to the voltage on P33. The 
analog function is enabled by programming Port 3 Mode 
Register (P3M bit 1). For Interrupt functions, Port 3, pin 0 
and pin 3 are falling edge interrupt inputs. P31 and P32 are 
programmable as rising, falling, or both edge triggered 
interrupts (IRQ register bits 6 and bit 7). P33 is the com-

Z86C40 CMOS Z8'4K ROM cep• 
CONsUllER CoNTROLLER PllOcESSOR 

parator reference voltage input when in Analog Mode. 
Access to Counter/Timers 1 is made through P31 (T1N) and 
P36 (Tour>· Handshake lines for Ports 0, 1, and 2 are 
available on P31 through P36. 

Port 3 also provides the following control functions: hand
shake for Ports 0, 1, and 2 (/DAV and RDY); four external 
interrupt request signals (IRQ3-IRQO); timer input and 
output signals (T,N and Tour>; Data Memory Select 
(IDM, see Table 4, Figure 37). 

P34 output can be software-programmed to function as a 
Data Memory Select (DM). The Port 3 mode register (P3M) 
bit D3, D4 selects this function. When accessing external 
Data Memory, the P34 goes active Low; when accessing 
external program memory, the P34 goes High. 

Table 4. Port 3 Pin Assignments 

Pin 110 CTC1 Analog Int. POHS P1 HS P2HS Ext 

P30 IN IRQ3 
P31 IN AN1 IRQ2 DIR 
P32 IN AN2 IRQO DIR 
P33 IN REF IRQ1 DIR 

P34 OUT 
P35 OUT 
P36 OUT 
P37 OUT 

Notes: 
HS = Handshake Signals 
D=/DAV 
R=RDY 

AN1-0UT 

AN2-0UT 

Auto Latch. The Auto-Latch instruction puts valid CMOS 
levels on all CMOS inputs (except P33-P31) that are not 
externally driven. Whether this level is O or 1, cannot be 
determined. A valid CMOS level, rather than a floating 
node, reduces excessive supply current flow in the input 
buffer. 

Note: Deletion of all Port Auto Latches is available as a 
ROM Mask option. The Auto Latch Delete option is se
lected by the customer when the ROM code is submitted. 
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RID IDM 
RID 

RID 

Comparator Inputs. Port 3, Pins P31 and P32 each have 
a comparator front end. The comparator reference volt
age, pin P33, is common to both comparators. In analog 
mode, the P31 and P32 are the positive inputs to the 
comparators and P33 is the reference voltage supplied to 
both comparators. In digital mode, pin P33 can be used as 
a P33 register input or IRQ1 source. P34 and P37 outputs 
the comparator outputs by software-programming the 
PCON Reg. bit DO to 1. 



Z86C40 CMOS :zat4K ROM CCP" 
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/RESET (input, active Low). Initializes the MCU. Reset is 
accomplished either through Power-On Reset, Watch
Dog Timer reset, STOP-Mode Recovery, or external reset. 
During Power-On Reset and Watch-Dog Reset, the inter
nally generated reset is driving the reset pin Low for the 
POR time. Any devices driving the reset line must be 
open-drain to avoid damage from a possible conflict 
during reset conditions. Pull-up is provided internally. 

duration, no reset occurs. On the fifth clock after the reset 
is detected, an internal RST signal is latched and held for 
an internal register count of 18 external clocks, or for the 
duration of the external reset, whichever is longer. During 
the reset cycle, /OS is held active Low while /AS cycles at 
a rate of TpC/2. Program execution begins at location 
OOOC (HEX), 5-10 TpC cycles after the RST is released. For 
Power-On Reset, the reset output time is TPOR ms. 

After the POR time, /RESET is a Schmitt-triggered input. To 
avoid asynchronous and noisy reset problems, the Z86C40 
is equipped with a reset filter of four external clocks (4 
TpC). If the external reset signal is less than 4 TpC in 

Once program execution begins, /AS and /OS toggles only 
for external memory accesses. The Z86C40 does not reset 
WDTMR, SMR, P2M, PCON, and P3M registers on a STOP
Mode Recovery operation. 

P31 (AN1) 

P32(AN2) 

P33 (REF) 

Mlli----P30 

..... i----P31 

.-i----P32 

.-i----P33 

t----.-P34 

1-----.p35 

t----.. P36 

t-----.P37 

Port3 
(110 or Control) 

i-------------------------, I I 

I I I R~500KO I 

L-------------------------J 
R247=P3M 

1 =Analog 
O=Digital 

From Stop-·~M:ode;:--------...... _____ IRQ1, P33 Data latch 

Recovery Source 0 , 
Figure Sa. Port 3 Configuration 

P30 Data 
Latch IRQ3 
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PIN FUNCTIONS (Continued) 

P34 OUT----. ... 

P31~ 
IV-+ 

REF (P33) 

P370UT----

P32r=O>--
REF (P33) 

PCON 
O P34, P37 Standard Output 

...._ ______ _..D_o_, 1 P34, P37 Comparator Output 

Figure Sb. Port 3 Configuration 
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P34 

PAD 

P37 

PAD 



FUNCTIONAL DESCRIPTION 

The Z86C40 MCU incorporates the following special func
tions to enhance the standard ZS® architecture to provide 
the user with increased design flexibility. 

RESET. The device is reset in one of the following condi
tions: 

• Power-On Reset 
• Watch-Dog Timer 
• Stop-Mode Recovery Source 
• External Reset 
• Low Voltage Recovery 

Auto Power-On Reset circuitry is built into the ZB6C40, 
eliminating the need for an external reset circuit to reset 
upon power-up. The internal pull-up resistor is on the Reset 
pin, so a pull-up resistor is not required; however, in high 
EMI (noisy) environment, it is recommended that a small 
value pull-up resistor be used. 

Z86C40 CMOS ZS' 4K ROM CCPn 
CONSUMER CONTROUER PROCESSOR 

Program Memory. The Z86C40 addresses up to 4 Kbytes 
of internal program memory and 60 Kbytes of external 
memory (Figure 9). The first 12 bytes of program memory 
are reserved for the interrupt vectors. These locations 
contain six 16-bit vectors that correspond to the six avail
able interrupts. For ROM mode, address 12 to address 
4095 consists of on-chip mask-programmed ROM. At 
addresses 4096 and greater, the ZB6C40 executes exter
nal program memory fetches through Port 0 and Port 1 in 
Address/Data mode. 

The 4 Kbyte program memory is mask programmable. A a 
ROM protect feature prevents "dumping" of the ROM 
contents by inhibiting execution of LDC, LDC/, LDE, 1 

and LDEI instructions to Program Memory in all modes. 
ROM look-up tables cannot be used with this feature. 

The ROM Protect option is mask-programmable, to be 
selected by the customer when the ROM code is submit
ted. 

65 535 
External 

096 4 
4 095 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ 
11 

10 

9 

8 

7 

6 

5 

,...i-
3 

2 

1 

0 

ROM and RAM 

On-Chip 
ROM 

~- -------- --
IR05 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

""" 
IRQ2 

~ IRQ2 

IRQ1 

IRQ1 

IRQO 

IROO 

Figure 9. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

Data Memory (/DM). The Z86C40 ROM version can ad
dress up to 60 Kbytes of external data memory beginning 
at location 4096. External data memory may be included 
with, or separated from, the external program memory 
space. /DM, an optional 1/0 function that can be pro
grammed to appear on pin P34, is used to distinguish 
between data and program memory space (Figure 10). 
The state of the /DM signal is controlled by the type of 
instruction being executed. An LDC opcode references 
PROGRAM (IDM inactive) memory, and an LDE instruction 
references data (IDM active Low) memory. The user must 
configure Port 3 Mode Register (P3M) bits 03 and 04 for 
this mode. 

65535 

Z86C40 CMOS ZB' 4K ROM ccp· 
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Expanded Register File (ERF). The Z86C40 register file 
has been expanded to allow for additional system control 
registers, and for mapping of additional peripheral de
vices along with 1/0 ports into the register address area. 
The ZS register address space RO through R15 has now 
been implemented as 16 groups of 16 registers per group 
(Figure 11 ). These register groups are known as the 
Expanded Register File (ERF). Bits 7-4 of register RP select 
the working register group. Bits 3-0 of register RP select 
the expanded register group (Figure 12). Three system 
configuration registers reside in the Expanded Register 
File at Bank F (PCON, SMR, WDTMR). The rest of the 
Expanded Register is not physically implemented, and is 
open for future expansion. 

External 
Data 

Memory 

9-14 

4096 
4095 

0 

Not Addressable 

Figure 10. Data Memory Map 



REGISTER POINTER 

l1! el sl 4l sl 2! 1I ol 
Working Register 

Grou_.2. Pointer J 1 Expanded Register 
Gl'Ol!l!_Pointer 

t 

/ 
. . 

Z8 Reg. File 

%FF 

%FO 

~ r--------_ 

. 
%7F 

.. 

Reserved 

%0F 

%00 

~ 
II-. 
U=Unknown 
t ForZ86C90/C89 (AOMleas) Rasat condlHon: •10110110• 
• WIH not be - wllh a STOP·- Racovary. 
" WAI not be raNt wllh a STOP-Mode Recovery, except btt DO. 

• . 
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ZS- STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

%FF SPL u u u u u u u u 
%FE SPH u u u u u u u u 
%FD RP 0 0 0 0 0 0 0 0 

%FC FLAGS u u u u u u u u 
%FB IMR 0 u u u u u u u 
%FA IRQ 0 0 0 0 0 0 0 0 

%F9 IPR u u u u u u u u 
%F8 P01M 0 1 0 0 1 1 0 1 

%F7 PSM 0 0 0 0 0 0 0 0 

%F8 P2M 1 1 1 1 1 1 1 1 

%F5 PREO u u u u u u u 0 

%F4 TO u u u u u u u u 
%FS PRE1 u u u u u u 0 0 

%F2 T1 u u u u u u u u 
%F1 TMR 0 0 0 0 0 0 0 0 

%FO Reoerved 

EXPANDED REG. GROUP (F) 
REGISTER RESET CONDITION 

%(F)OF WDTIJIR u u u 0 1 1 0 1 

%(F)OE -%(F)OD Reserved 

%J.F)OC Raserved 

%(F)OB SMR 0 0 1 0 0 0 0 D 

%(F)OA -% (F) 09 Reoerved 

%(F)08 Resarved 

%(F)07 Raaarved 

%(F)08 Raaarved 

% (F)OS Raaarved 

% (F) 04 Raserved 

%(F)OS Raserved 

% (F) 02 Reserved 

%(F)01 -%(F)OO PCON 1 1 1 1 1 1 1 D 

EXPANDED REG. GROUP (0) 
REGISTER RESET CONDITION 

%@_03 PS 1 1 1 1 u u u u 

%~)02 P2 u u u u u u u u 
%(0)01 P1 u u u u u u u u 
%(0)00 PO u u u u u u u u 

Figure 11. Expanded Register File Architecture 
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FUNCTIONAL DESCRIPTION (Continued) 

A253 RP 

Default setting after RESET = 00000000 

Expanded Register Group 

Wo11<1ng Register Group 

Figure 12. Register Pointer Register 

Register File. The register file consists of four 1/0 port 
registers, 236 general-purpose registers and 15 control 
and status registers (RO-R3, R4-239 and R240-R255, re
spectively}, plus three system configuration registers in 
the expanded register group. The instructions access 
registers directly or indirectly through an 8-bit address 
field. This allows a short, 4-bit register address using the 
Register Pointer (Figure 13). In the 4-bit mode, the register 
file is divided into 16 working register groups, each occu
pying 16 continuous locations. The Register Pointer ad
dresses the starting location of the active working register 
group. 

9-16 

I r7 r6 r5 r4 I r3 r2 r1 rO I ~igister Pointer) 

The upper nibble of the register file address 
provided by the register pointer specifies 
the active working-register group. 

:: I 
EF 1-, ------.-------t 

I 
I 

80 I 
7F 

70 
6F 

60 
5F 

50 
4F 

40 
3F Specified Working 

Register Group ..... I-
The lower nibble 
of the register 
Ille address 
provided by the 
Instruction points 
to the specified 
register. 

30 
2F 

20 
1F 

10 
OF 

00 

Register Group 1 

Register Group o 

~-----------------1/0 Ports 

• Expanded Register Group (0) is selected 
In this figure by handling bits 03 to DO 
as •o• In Register R253 (RP). 

Figure 13. Register Pointer 

~ R15toRO 

R15 to R4* 

R3to RO* 



General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. It will 
not keep its last state from a V Lv reset if the V cc drops below 
1.BV. 

Note: Register Bank EO-EF is only accessed through 
working register and indirect addressing modes. 

RAM Protect. The upper portion of the RAM's address 
spaces %BOF to %EF (excluding the control registers) are 
protected from reading and writing. The RAM Protect bit 
option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user activates this feature from the 
internal ROM code to turn off/on the RAM Protect by 
loading either a 0 or 1 into the IMR register, bit 06. A 1 in 
06 enables RAM Protect. 

Stack. The Z86C40 external data memory or the internal 
register file is used for the stack. The 16-bit Stack Pointer 
(R254-R255) is used for the external stack which can 
reside anywhere in the data memory for ROMless mode, 
but only from 4096 to 65535 in ROM mode. An 8-bit Stack 
Pointer (R255) is used for the internal stack that resides 
within the 236 general-purpose registers (R4-R239). SPH 
is used as a general-purpose register when using internal 
stack only. 

Z86C40 CMOS Z8' 4K ROM ccp· 
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Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler is driven by inter
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 14). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When the 
counter reaches the end of the count, a timer interrupt 
request, IRQ4 (TO) or IRQ5 (T1 ), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and is either the internal 
microprocessor clock divide-by-four, or an external signal 
input through Port 3. The Timer Mode register configures 
the external timer input (P31) as an external clock, a trigger 
input that can be retriggerable or non-retriggerable, or as 
a gate input for the internal clock. The counter/timers 
can be cascaded by connecting the TO output to the 
input of T1. T1N Mode is enabled by setting R243 PRE1 Bit 
01 too. 
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FUNCTIONAL DESCRIPTION (Continued) 

Internal Data Bus 

Write 

PREO TO 
Initial Value Initial Value 

Register Register 

6-Bit 8-blt 
Down Down 

Counter Counter 

Internal 
Clock 

External Clock 

Clock 
Logic 6-Bit 8-Bit 

Down Down 
Counter Counter 

Internal Clock 
Gated Clock PRE1 T1 
Triggered Clock Initial Value Initial Value 

Register Register 

TIN P31 
Write 

Internal Data Bus 

Figure 14. Counter/Timer Block Diagram 
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TO 
Current Value 

Register 

IRQ4 

TOUT 
P36 

IRQ5 

T1 
Current Value 

Register 



Interrupts. The Z86C40 has six different interrupts from six 
different sources. These interrupts are maskable, priori
tized (Figure 15) and the six sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30, and two 

IRQ1,3,4,5 

Interrupt 
Request 

Global 
Interrupt 
Enable 

IPR 

Z86C40 CMOS Z8'4K ROM cep• 
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in counter/timers (Table 5). The Interrupt Mask Register 
globally or individually enables or disables the six interrupt 
requests. 

IRQO IRQ2 

Interrupt 
Edge 
Select 

IRQ(D6,07) 

6 

Vactor Select 

Figure 15. Interrupt Block Diagram 

Table 5. Interrupt Types, Sources, and Vectors 

Name Source Vector Location Comments 

IRQO /DAVO, IRQO 0, 1 External (P32), Rise Fall Edge Triggered 
IRQ1, IRQ1 2,3 External (P33), Fall Edge Triggered 
IRQ2 /DAV2, IRQ2, TIN 4,5 External (P31), Rise Fall Edge Triggered 

IRQ3 IRQ3 6, 7 External (P30), Fall Edge Triggered 
IRQ4 TO 8,9 Internal 
IRQ5 T1 10, 11 Internal 
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FUNCTIONAL DESCRIPTION (Continued} 

When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority register. An interrupt ma
chine cycle is activated when an interrupt request is 
granted. This action disables all subsequent interrupts, 
saves the Program Counter and Status Flags, and then 
branches to the program memory vector location reserved 
for that interrupt. 

All Z86C40 interrupts are vectored through locations in the 
program memory. This memory location and the next byte 
contain the 16-bit address of the interrupt service routine 
for that particular interrupt request. To accommodate 
polled interrupt systems, interrupt inputs are masked and 
the Interrupt Request register is polled to determine which 
of the interrupt requests need service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling, or both edge trig
gered, and are programmable by the user. The software 
may poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select is located 
in the IRQ Register (R250), bits 07 and 06 . The configu
ration is shown in Table 6. 

XTAL1 

C1 

vss··• Ill 

XTAL2 

C2 

vss•• l: 
Ceramic Resonator or 
Crystal 
C1, C2 = 47 pFTYP * 
f=8MHz 

C1 

vss··~ L 

C2 

vss··~ 

LC 
C1,C2=22pF 

L=130uH* 
f=3MHz* 

• Preliminary value including pin parasitics 
• • Device ground pin 

XTAL1 

XTAL2 

07 
0 
0 
1 
1 

Notes: 

IRQ 

F = Falling Edge 
R = Rising Edge 
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Table 6. IRQ Register 

06 
0 
1 
0 
1 

Interrupt Edge 

P31 
F 
F 
R 

R/F 

P32 
F 
R 
F 

R/F 

Clock. The Z86C40 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
RC, ceramic resonator, or any suitable external clock 
source ()<TAL 1 = Input, XTAL2 = Output). The crystal 
should be AT cut, 16 MHz max., with a series resistance 
(RS) of less than or equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XT AL2 
using the vendor's recommended capacitor values from 
each pin directly to the device Ground pin to reduce 
Ground noise injection into the oscillator. The RC oscillator 
option is mask-programmable on the Z86C40 and is se
lected by the customer at the time when the ROM code is 
submitted. (Note that the RC option is available up to 8 
MHz.) The RC oscillator configuration must be an external 
resistor connected from XT AL 1 to XT AL2, with a fre
quency-setting capacitor from XTAL 1 to Ground (Figure 
16). 

Note: For better noise immunity, the capacitors should be 
tied directly to the device Ground pin (V55). 

XTAL1 XTAL1 

C1 

vss·· ~ R 

XTAL2 XTAL2 

RC External Clock 
@ 5V VCC (TYP) 

C1=33 pF * 
R= 1K* 
I= 6 MHz* 

Figure 16. Oscillator Configuration 
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Power-On-Reset {POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for the Power-On 
Reset (POR) timer function. The POR time allows V cc and 
the oscillator circuit to stabilize before instruction execu
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power fail to Power OK status. 
2. STOP-Mode Recovery (if 05 of SMR=1). 
3. WOT timeout. 

The POR time is a specified as T POR' Bit 5 of the STOP-Mode 
Register determines whether the POR timer is bypassed 
after STOP-Mode Recovery (typical for external clock, RC/ 
LC oscillators). 

HALT. HALT turns off the internal CPU clock, but not the 
XTAL oscillation. The counter/timers and external inter
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
devices are recovered by interrupts, either externally or 
internally generated. An interrupt request must be enabled 
and executed to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode=FFH) immediately before the 
appropriate sleep instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

Z86C40 CMOS Z8'4K ROM CCP'" 
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STOP. This instruction turns off the internal clock and 
external crystal oscillation. It also reduces the standby 
current to 10 µA or less. The STOP mode is terminated by 
a reset only, either by WOT timeout, POR, SMR recovery, 
or external reset. This causes the processor to restart the 
application program at address OOOC (HEX). 

Port Configuration Register (PCON). The PCON register 
configures the ports individually; comparator output on 
Port 3, open-drain on Port O and Port 1, low EMI on Ports 0, 
1, 2, and 3, and low EMI oscillator. The PCON register is 
located in the expanded register file at Bank F, location 00 
(Figure 17). 

PCON (FH) OOH 

Comparator Oulput Port 3 
0 P34, P37 Standard Output" 
1 P34, P37 C0111>&r&tor Oulput 

O Port 1 Open Drain 
1 Port 1 Push-pull Active" 

0 Port 0 Open Drain 
1 Porto Push-puHAcllve• 

0 Port 0 Low EMI 
1 Port 0 Standard* 

0 Port 1 Low EMI 
1 Port 1 Standard" 

0 Port 2 Low EMI 
1 Port 2 Standard* 

0 Port3 Low EMI 
1 Port 3 Standard* 

Low EMI Oscillator 
0 LowEMI 

*Default Setting After R- 1 Standard* 

Figure 17. Port Configuration Register {PCON) 
{Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

Comparator Output Port 3 (DO). Bit 0 controls the com
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P37, and a 0 releases the 
Port to its standard 1/0 configuration. The default value is 
0. 

Port 1 Open-Drain (01). Port 1 can be configured as an 
open-drain by resetting this bit (D1=0) or configured as 
push-pull active by setting this bit (D1=1). The default 
value is 1. 

Port 0 Open-Drain (02). Port 0 can be configured as an 
open-drain by resetting this bit (02=0) or configured as 
push-pull active by setting this bit (D2=1). The default 
value is 1. 

Low EMI Port 0 (03). Port 0 can be configured as a Low 
EMI Port by resetting this bit (D3=0) or configured as a 
Standard Port by setting this bit (03=1). The default value 
is 1. 

Low EMI Port 1 (04). Port 1 can be configured as a Low 
EMI Port by resetting this bit (D4=0) or configured as a 
Standard Port by setting this bit (D4=1). The default value 
is 1. 

Low EMI Port 2 (D5). Port 2 can be configured as a Low 
EMI Port by resetting this bit (D5=0) or configured as a 
Standard Port by setting this bit (D5=1). The default value 
is 1. 

9-22 

Z86C40 CMOS ZS' 4K ROM CCPN 
CONSUMER CONl!IOLLER PROCESSOR 

Low EMI Port 3 (06). Port 3 can be configured as a Low 
EMI Port by resetting this bit (06=0) or configured as a 
Standard Port by setting this bit (06=1). The default value 
is 1. 

LowEMI OSC(D7). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive, while a 0 configures the 
oscillator with low noise drive. The low EMI mode will 
reduce the drive of the oscillator (OSC). The default value 
is 1. Note: Maximum external clock frequency of 4 MHz 
when running in the low EMI oscillator mode. 

Low EMI Emission. The Z86C40 can be programmed to 
operate in a low EMI emission mode in the PCON register. 
The oscillator and all 1/0 ports can be programmed as low 
EMI emission mode independently. Use of this feature 
results in: 

• The pre-drivers slew rate reduced to 10 ns typical. 

• Low EMI output drivers have resistance of 200 Ohms 
(typical). 

• Low EMI Oscillator 

• Internal SCLK/TCLK= XTAL operation limited to a 
maximum of 4 MHz -250 ns cycle time, when Low EMI 
Oscillator is selected and system clock (SCLK = XT AL, 
SMR Reg. Bit 01 =1). 



STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of 
STOP-Mode Recovery (Figure 18). All bits are Write Only, 
except bit 7 which is Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP recovery and reset 
by a power-on cycle. Bit 6 controls whether a low level or 

SMR (FH) OB 

* Default setting after RESET. 

Z86C40 CMOS ZS' 4K ROM CCP" 
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a high level is required from the recovery source. Bit 5 
controls the reset delay after recovery. Bits 2, 3, and 4, or 
the SMR register, specify the source of the STOP-Mode 
Recovery signal. BitsOand 1 determine the timeout period 
of the WOT. The SMR is located in BankFofthe Expanded 
Register Group at address OBH. 

SCLKfTCLK Divide-by-16 
0 OFF** 
1 ON 

External Clock Divide by 2 
0 SCLKfTCLK =XTAU2* 
1 SCLK/TCLK =XTAL 

STOP-Mode Recovery Source 
000 POR Only and/or External Reset* 
001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0-3 
111 P2 NOR 0-7 

Stop Delay 
0 OFF 
1 ON' 

Stop Recovery Level 
O Low* 
1 High 

Stop Flag (Read only) 
0 POR* 
1 Stop Recovery 

* * Default setting after RESET and STOP-Mode Recovery. 

Figure 18. STOP-Mode Recovery Register 
(Write Only Except Bit 07, Which Is Read Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

SCLKITCLK Divide-by·16 Select (DO). DO of the SMR 
controls a divide-by-16 prescaler of SCLK/TCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 
(SCLK control) and/or HALT mode (where TCLK sources 
counter/timers and interrupt logic). This bit is reset to DO= 
0 after a Stop-Mode Recovery. 

External Clock Divide-by-Two (D1). This bit can elimi
nate the oscillator divide-by-two circuitry. When this bit is 
0, the System Clock (SCLK) and Timer Clock (TCLK) are 

SMR 04 03 02 SMR 04 03 02 
1 0 0 1 0 1 
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equal to the external clock frequency divided by two. The 
SCLK/TCLK is equal to the external clock frequency when 
this bit is set (D1=1). Using this bit together with D7 of 
PCON further helps lower EMI (i.e., D7 (PCON) = O. D1 
(SMR) = 1 ). The default setting is zero. Maximum external 
clock frequency is 4 MHz when SMR Bit D1 = 1 where 
SCLK/TCLK = XTAL. 

STOP-Mode Recovery Source (D2, D3, and D4). These 
three bits of the SMR specify the wake-up source of the 
STOP recovery (Figure 19 and Table 7). 

SMR 04 03 02 
1 1 0 

SMR 04 03 02 
1 1 1 

ToPOR 

-----------------+---------------------------------------1--------__,D~ Stop Mode Recovery Edge 
Select (SMR) 

To P33 Data 
Latch and IRQ1 

~P-33-F~r-om~Pa_d_s ________ .,_ ______________________________________ --IMUX ....... ~------....... 

DlgltaVAnalog Mode 
Select (P3M) 
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Table 7. STOP-Mode Recovery Source 

SMR:432 Operation 
D4 D3 D2 Description of Action 

0 0 0 POR and/or external reset recovery 
0 0 1 P30 transition 
0 1 0 P31 transition (not in Analog Mode) 
0 1 1 P32 transition (not in Analog Mode) 

0 0 P33 transition (not in Analog Mode) 
0 1 P27 transition 
1 0 Logical NOR of P20 through P23 
1 1 Logical NOR of P20 through P27 

STOP-Mode Recovery Delay Select (D5). This bit, if High, 
enables the T POR /RESET delay after Stop-Mode Recovery. 
The default configuration of this bit is 1. If the "fast" wake 
up is selected, the Stop-Mode Recovery source is kept 
active for at least 5 TpC. 

STOP-Mode Recovery Edge Select (D6). A 1 in this bit 
position indicates that a high level on any one of the 

WDTMR (F)OF 

1~1~1~1~1001~1~1 00 1 
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recovery sources wakes the Z86C40 from STOP mode. A 
O indicates low-level recovery. The default is O on POR 
(Figure 19). 

Cold or Warm Start(D7). This bit is set by the device upon 
entering STOP mode. A 0 in this bit (cold) indicates that the 
device resets by POR/WDT RESET. A 1 in this bit (warm) 
indicates that the device awakens by a SMR source. 

Watch-Dog Timer Mode Register (WDTMR). The WDT is 
a retriggerable one-shot timer that resets the ZS if it 
reaches its terminal count. The WOT is initially enabled by 
executing the WDT instruction and refreshed on subse
quent executions of the WDT instruction. The WDT circuit 
is driven by an on-board RC oscillator or external oscillator a 
from the XT AL 1 pin. The POR clock source is selected with 
bit 4 of the WDT register (Figure 20). 

WDT instruction affects the Z (Zero), S (Sign), and V 
(Overflow) flags. The WDTMR must be written to within 64 
internal system clocks. After that, the WDTMR is write 
protected. 

I I WDTW' '"'RC osc - -00 5 ms 256 TpC 
01 • 15ms 512TpC 
10 25 ms 1024 TpC 
11 100 ms 4096 TpC 

WOT During HALT 
0 OFF 
1 ON* 

'------ WOT During STOP 
0 OFF 
1 ON* 

'-------- XTAL1/INT RC Select for WOT 
0 On-Board RC • 
1 XTAL 

--------- Reserved (MustbeO) 

* Default setting after RESET 

Figure 20. Watch-Dog Timer Mode Register 
(Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 
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/RESEl 4 Clock I ----.fr.i=--;:-;:;;::::::;~--, Fitter I- Clear 18 Clock RESET 
-------tcLK Generator RESET 

WOT Select -----l-----~1--r--v;w:OoT'TilirAi\PPSSiEELILErc:c:TT1 
(WDTMR) 

CK Source 
Select ------t---. 

(WDTMR) 

XTAL --------

RC 
osc. 

2.6V Operating 
VDD Voltage Del. 

2.6V REF. 

From Stop 
Mode 

Recovery 
Source 12 ns Glitch Filter 

woT------• 

256TpC 
POR 

CK CLR 

Stop Delay------------' 
Select (SMR) 

. 256 512 1024 4096 
TpC TpC TpC TpC 
WDT/POR Counter Chain 

Figure 21. Resets and WOT 
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WDT Time Select. (DO,D1 ). Selects the WDT time period 
and is configured as shown in Table 8. 

Table 8. WDT Time Select 

Timeout of 
D1 DO Internal RC OSC 

0 0 5 ms min 
0 1 15 ms min 
1 0 25 ms min 
1 1 100ms min 

Notes: 
TpC = XTAL clock cycle 
The default on reset is 15 ms. 
Values given are for Vee= 5.0V. 

Timeout of 
XTALClock 

256TpC 
512TpC 
1024 TpC 
4096TpC 

WDTMR During HALT (02). This bit determines whether 
or not the WDT is active during HALT mode. A 1 indicates 
active during HALT. The default is 1. 

WDTMR During STOP (03). This bit determines whether 
or not the WDT is active during STOP mode. Since XTAL 
clock is stopped during STOP mode, the on-board RC 
must be selected as the clock source to the POR counter. 
A 1 indicates active during STOP. The default is 1. 
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Clock Source for WOT (04). This bit determines which 
oscillator source is used to clock the internal POR and WDT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WDT clock source is driven 
from the external pin, XT AL 1. The default configuration of 
this bit is 0 which selects the Internal RC oscillator. 

WDTMR Register Accessibility. The WDTMR register is 
accessible only during the first 64 internal system clock 
cycles from the execution of the first instruction after 
Power-On Reset, watch dog reset or a Stop-Mode Recov
ery. After this point, the register cannot be modified by any 
means, intentional or otherwise. The WDTMR cannot be 
read and is located in bank F of the Expanded Register 
Group at address location OFH (Figure 20). 

Note: The WDT can be permanently enabled through a 
mask programming option. The option is selected by the 
customer at the time of ROM code submittal. In this mode, 
WDT is always activated when the device comes out of 
reset. Execution of the WDT instruction serves to refresh 
the WDT time-out period. WOT operation in the HALT and 
STOP modes is controlled byWDTMR programming. If this 
mask option is not selected at the time of ROM code 
submission, the WOT must be activated by the user through 
the WOT instruction and is always disabled by any reset to 
the device. 
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FUNCTIONAL DESCRIPTION (Continued) 

Low Voltage Protection. An on-board Voltage Compara
tor checks that V cc is at the required level to ensure correct 
operation of the device. Reset is globally driven if Vee is 
below the specified voltage (Low Voltage Protection volt
age). The minimum operating voltage is varying with the 
temperature and operating frequency, while the Low Volt
age Protection voltage (VLv) varies with temperature only. 

The Low Voltage Protection trip voltage (V Lv) is less than 3V 
and above 1.4V under the following conditions. 

Maximum (V Lv) Conditions: 

Case 1: TA =-40°C, +105°C, Internal Clock 
Frequency equal or less than 1 MHz 

Ve~ 2.80 
(\A:Jlta 

2.60 

2.40 

2.20 

2.00 

"' N ~ 
~ 

~ 

Z86C40 CMOS ZS' 4K ROM CCP"' 
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Case 2: TA= -40°C, +85°C, Internal Clock 
Frequency equal or less than 2 MHz 

Note: The internal clock frequency is one-half the external 
clock frequency (SMR 01 = 0). 

The device functions normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Low Voltage Protection trip point (VLv) is reached, for 
the temperatures and operating frequencies in Case 1 and 
Case 2, above. The device is guaranteed to function 
normally at supply voltages above the Low Voltage Protec
tion trip point. The actual Low Voltage Protection trip point 
is a function of temperature and process parameters 
(Figure 22). 

Device Functionality 
($CLK Frequency} 

2 MHz 1 MHz 

1.80 

~ 
~ 

V LV (Typical) 

1.60 

1.40 
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ABSOLUTE MAXIMUM RATINGS 

Parameter 

Ambient Temperature under Bias 
Storage Temperature 
Voltage on any Pin with Respect to V ss [Note 1) 
Voltage on V DD Pin with Respect to V ss 

Min 

-40 
-65 
-0.6 
-0.3 

Z86C40 CMOS zae 4K ROM CCP" 
CONSUMER CoNmOLLER PROCESSOR 

Max Units 

+105 c 
+150 c 

+7 v 
+7 v 

Voltage on XTAL 1 and /RESET Pins with Respect to Vss [Note 2) 
Total Power Dissipation 

-0.6 VDD+1 
770 

v 
mW 

Maximum Current out of Vss 
Maximum Current into V00 
Maximum Current into an Input Pin [Note 3] 
Maximum Current into an Open-Drain Pin [Note 4] 
Maximum Output Current Sinked by Any 1/0 Pin 
Maximum Output Current Sourced by Any 1/0 Pin 

Notes: 
[1] This applies to all pins except XT AL pins and where otherwise noted. 
[2] There is no input protection diode from pin to V w 
[3] This excludes XT AL pins. 
[4] Device pin is not at an output Low state. 

Notice: 
Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; functional operation of the 
device at any condition above those indicated in the 
operational sections of these specifications is not implied. 
Exposure to absolute maximum rating conditions for an 
extended period may affect device reliability. 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 23). 

CAPACITANCE 

140 mA 
125 mA 

-600 +600 µA 
-600 +600 µA 

25 mA 
25 mA 

Total power dissipation should not exceed 770 mW for the 
package. Power dissipation is calculated as follows: 

Total Power Dissipation = V00 x [ l0D - (sum of 10H}] 

+ sum of [ (V DD - V DH) x 10H ] 
+ sum of (V0L x 10L) 

From Output n----<---
UnderTest 

r~ 

Figure 23. Test Load Diagram 

TA= 25°C, Vee= GND = OV, f = 1.0 MHz; unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Min 

0 
0 
0 

Max 

12 pF 
i2 pF 
12 pF 
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DC ELECTRICAL CHARACTERISTICS 

TA=0°C TA=-4Doc 
Vee to+70°C to +105°C Typical [13] 

Sym Parameter Note[3] Min MIX Min MIX 0 25°C Units Conditions Notes 

veH Clock Input High Voltage 3JN 0.7Vee Vcc+0.3 0.7 Vee Vcc+0.3 1.3 v Driven by External Clock Generator 
5.5V 0.7Vec Vcc+0.3 0.7 Vee VC:t+0.3 2.5 v Driven by External Clock Generator 

VCL Clock Input Low Voltage 3.0V GND-0.3 0.2 V cc GND-0.3 0.2 Vee 0.7 v Driven by External Clock Generator 
5.5V GND-0.3 0.2Vce GND-0.3 0.2 Vee 1.5 v Driven by External Clock Generator 

vllf Input High Voltage 3.0V 0.7Vee Vcc+0.3 0.7 Vee Vee+0.3 1.3 v 
5.5V 0.7Vcc Vcc+0.3 0.7 Vee Vcc+0.3 2.5 v 

VIL Input Low Voltage 3.0V GND-0.3 0.2Vcc GND-0.3 0.2 V cc 0.7 v 
5.5V GND-0.3 0.2 Vee GND-0.3 0.2 Vee 1.5 v 

VOH1 Output High Voltage 3.0V vee-0.4 Vcc-0.4 3.1 v IOH = -2.0 rnA [8) 
5.5V Vec-0.4 Vcc-0.4 4.8 v IOH = -2.0 rnA [8) 

VOL1 Output Low Voltage 3.0V 0.6 0.6 0.2 v 10L = +4.0 rnA [8) 
5.5V 0.4 0.4 0.1 v 10L = +4.0 rnA (8) 

Vou Output Low Voltage 3.0V 1.2 1.2 0.3 v IOL =+6 rnA [8) 
5.5V 1.2 1.2 0.3 v IOL = +12 rnA (8) 

VRH Reset Input High Voltage 3.0V .8Vee Vee .. 8Vee Vee 1.5 v 
5.5V .BVcc Vee .8Vee Vee 2.1 v 

Vm Reset Input Low Voltage 3.0V GND-0.3 0.2 Vee GND-0.3 0.2Vee 1.1 v 
5.5V GND-0.3 0.2 Vee GND-0.3 0.2 Vee 1.7 v 

V OffSEI Comparator Input Offset 3.0V 25 25 10 mV [10) 
Voltage 5.5V 25 25 10 mV (10) 

l1L Input Leakage 3.0V -1 1 -1 2 <1 "' VIN= OV, Vee 
5.5V -1 1 -1 2 <1 "' V1N=OV, Vee 

IOL Output Leakage 3.0V -1 1 -1 2 <1 "' V1N= OV, Vee 
5.5V -1 1 -1 2 <1 "' v .. =OV, Vee 

llR Reset Input Current 3.0V -130 -130 -25 "' 5.5V -180 -180 -40 "' Ice Supply Current 3.0V 20 20 7 rnA @16MHz [4,5) 
5.5V 25 25 12 rnA @16MHz [4,5) 
3.0V 15 15 5 rnA @12MHz [4,5) 
5.5V 20 20 15 rnA @12 MHz [4,5) 

lcc1 Standby Current 3.0V 4.5 4.5 2.0 rnA HALT Mode VIN=OV, Vcc@16 MHz (4,5) 
5.5V 8 8 3.7 rnA HALT Mode V1N= OV, Vcc@16 MHz [4,5) 
3.0V 3.4 3.4 1.5 rnA Clock Divide-by-16@ 16 MHz [4,5) 
5.5V 7.0 7.0 2.9 rnA Clock Divide-by-16@16 MHz (4,5) 

ICC2 Standby Current 3.0V 8 15 "' STOP Mode VIN= OV, [6,11) 
Vee WOT is not Running 

5.5V 10 20 2 "' STOP Mode V1N = OV, [6,11) 

3.0V 500 600 310 
Vee WOT is not Running 

"' STOP Mode VIN= OV, (6,11,14) 

5.5V 800 1000 600 
Vee WOT is Running 

"' STOP Mode v .. =OV, (6,11,14) 
V cc WOT is Running 
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TA=0°C TA=-40oc 
Vee to+70°C to +105°C 

Sym Parameter Note[3) 

yieR lnpul Common Mode 3.0 
Voltage Range 5.5 

IALL Auto Latch Low Current 3.0V 
5.5V 

IALH Auto Latch High Current 3.0V 

TPOll Power On Reset 

VLV V cc Low Voltage 
Protection Voltage 

vrJH Output High Voltage 
(Low EMI Mode) 

VOL Output Low Voltage 
(Low EMI Mode) 

Notes: 
[1] 1001 

Clock-Driven 
Resonator or Crystal 

[2] GND=OV. 

5.5V 

3.0V 
5.5V 

3.3V 
5.0V 

3.3V 
5.0V 

Typ 
0.3mA 
3.0mA 

Min 

0 
0 

7 
3 

1.7 

vee-0.4 
vee-0.4 

Max 
5 
5 

Max Min 

Vee-1.0V 0 
Vce-1.0V 0 

8 
15 
-5 
-8 

24 
13 

2.95 

Unit 
mA 
mA 

0.6 
0.4 

7 
3 

1.7 

Vcc-0.4 
Vce-0.4 

Freq 
8MHz 
8MHz 

[3] The V00 voltage specification of 3.0V guarantees 3.3V ±0.3V, and 
1he V00 voltage specification of 5.5V guarantees 5.0V ±0.5V. 

[4] All outputs unloaded, 110 pins floating, inputs at rail. 
[5] CL 1 = CL2 = 100 pF. 
[6] Same as note [4] except inputs at V00• 

[7] The VLv increases as the temperature decreases. 
[8] Standard Mode (not Low EMI). 
[9] Auto Latch (Mask Option) selected. 
[10] For analog comparator, inputs when 

analog comparators are enabled. 
[11] Clock must be forced Low, when XTAL 1 

is clock-driven and XTAL2 is floating. 
[12] Excludes clock pins. 
[13] Typicals are at V00 = 5.0V and 3.3V. 
[14] Internal RC selected. 

Max 

Vcc-1.5V 
Vcc-1.5V 

10 
20 
-7 
-10 

25 
14 
3.3 

0.6 
0.4 

Typical [13) 
@25°C Units 

v 
v 

5 µA 
11 µA 
-3 µA 
-6 µA 

8.5 mS 
5.0 mS 
2.6 v 

3.1 v 
4.8 v 

0.2 v 
0.1 v 

Z86C40 CMOS ZS'4K ROM ccp• 
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Conditions Notes 

[10] 
[10] 

OV <V1N< Vee (9) 
OV <V1N <Vee [9] 
av <V1N <Vee [9] 
av <VIN< Vee [9] 

2 MHz max Int. CLK Freq. [n 

lrJH=-0.5mA 
lrJH=-0.5mA 

IOL = 1.0mA 
IOL = 1.0mA 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing Diagram 

R//W 

PortO,/DM 

Port 1 

/AS 

IDS 
(Read) 

Port1 

IDS 
(Write) 

A7-AO 07-DO OUT 

Figure 24. External 110 or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing Table 
(SCLK/TCLK = XT AL/2) 

TA= O"C to +70"C TA= -40"C to +105"C 
Note [3] 12 MHz 16MHz 12MHz 16MHz 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

TdA(AS) Address Valid to /AS Rise Delay 3.0 35 25 35 25 ns [2] 
5.5 35 25 35 25 

2 TdAS(A) /AS Rise to Address Float Delay 3.0 45 35 45 35 ns (2) 
5.5 45 35 45 35 ns 

3 TdAS(DR) /AS Rise to Read Data Req'd Valid 3.0 250 180 250 180 ns (1,2] 

D 5.5 250 180 250 180 ns 
4 TwAS /AS Low Width 3.0 55 40 55 40 ns [2] 

5.5 55 40 55 40 ns 

5 Td Address Float to /DS Fall 3.0 0 0 0 0 ns 
5.5 0 0 0 0 ns 

6 TwDSR IDS (Read) Low Width 3.0 200 135 200 135 ns (1,21 
5.5 200 135 200 135 ns 

7 TwDSW IDS (Write) Low Width 3.0 110 80 110 80 ns [1,2) 
5.5 110 80 110 80 ns 

8 TdDSR(DR) IDS Fall to Read Data Req'd Valid 3.0 150 75 150 75 ns (1,21 
5.5 150 75 150 75 ns 

9 ThDR(DS) Read Data to IDS Rise Hold Time 3.0 0 0 0 0 ns [2] 
5.5 0 0 0 0 ns 

10 TdDS(A) IDS Rise to Address Active Delay 3.0 45 50 45 50 ns [2] 
5.5 55 50 55 50 ns 

11 TdDS(AS) IDS Rise to /AS Fall Delay 3.0 30 35 30 35 ns [2] 
5.5 45 35 45 55 ns 

12 TdR/W(AS) R//W Valid to /AS Rise Delay 3.0 45 25 45 25 ns [2] 
5.5 45 25 45 25 ns 

13 TdDS(R/W) IDS Rise to R//W Not Valid 3.0 45 35 45 35 ns [2] 
5.5 45 35 45 35 ns 

14 TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 3.0 55 25 55 25 ns [2] 
5.5 55 25 55 25 ns 

15 TdDS(DW) IDS Rise to Write Data Not Valid Delay 3.0 45 35 45 35 ns [2] 
5.5 55 35 55 35 ns 

16 TdA(DR) Address Valid to Read Data Req'd Valid 3.0 310 230 310 230 ns [1,2] 
5.5 310 230 310 230 ns 

17 TdAS(DS) /AS Rise to IDS Fall Delay 3.0 65 45 65 45 ns [2] 
5.5 65 45 65 45 ns 

18 TdDl(DS) Data Input Setup to /DS Rise 0.0 115 60 115 60 ns [1,2] 
5.5 75 60 75 60 ns 

19 TdDM(AS) /DM Valid to /AS Fall Delay 3.0 35 30 35 30 ns [2] 
5.5 35 30 35 30 ns 

Notes: 
[1] When using extended memory timing add 2 TpC. Standard Test Load 
[2] Timing numbers given are for minimum TpC. All timing references use 0.7 Vee for a logic 1 and 0.2 Vee for a logic 0. 
[3] The V00 voltage specification of 3.0V guarantees 3.3V ±0.3V, and 

the V00 voltage specification of 5.5V guarantees 5.0V±0.5V. 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Diagram · 

Z86C40 CMOS 'lJ' 4K ROM CCP"' 
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Clock~ Setup 

11 

Stop-Mode 
Recovery 

Source 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (SCLK/TCLK = XTAL/2) 

TA = O°C to +70°C TA =-40°Cto+105°C 
Vee 12MHz 16MHz 12MHz 16MHz 

No Symbol Parameter Note[&] Min Max Min Max Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 83 DC 62.5 DC 83 DC 62.5 DC ns [1] 
5.5V 83 DC 62.5 DC 83 DC 62.5 DC ns [1] 

2 TrC,TIC Clock Input Rise & Fall Times 3.0V 15 15 15 15 ns [1) 
5.5V 15 15 15 15 ns [1) 

3 TwC Input Clock Width 3.0V 41 31 41 31 ns [1] 
5.5V 41 31 41 31 ns [1] a 4 TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns [1) 
5.5V 70 70 70 70 ns [1] 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC [1] 
5.5V 5TpC 5TpC 5TpC 5TpC [1) 

6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC [1] 
5.5V 8TpC 8TpC 8TpC 8TpC [1] 

7 TrTin, Timer Input Rise & Fall Timer 3.0V 100 100 100 100 ns [1] 
TITin 5.5V 100 100 100 100 ns [1] 

BA TwlL Int. Request Low Time 3.0V 100 100 100 100 ns [1,2] 
5.5V 70 70 70 70 ns [1,2] 

BB Twll Int. Request Low Time 3.0V 5TpC 5TpC 5TpC 5TpC (1,3) 
5.5V 5TpC 5TpC 5TpC 5TpC [1,3) 

9 TwlH Int. Request Input High Time 3.0V 5TpC 5TpC 5TpC 5TpC [1,2] 
5.5V 5TpC 5TpC 5TpC 5TpC [1,2) 

10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 12 12 ns 
5.5V 12 12 12 12 ns 

11 Tosi Oscillator Startup Time 3.0V 5TpC 5TpC 5TpC 5TpC [4] 
5.5V 5TpC 5TpC 5TpC 5TpC [4] 

12 Twdt Watch-Dog Timer Delay Time 3.0V 10 10 10 10 ms D0=0[5] 
5.5V 5 5 5 5 ms D1 =0[5] 
3.0V 30 30 30 30 ms D0=1 [5] 
5.5V 15 15 15 15 ms D1 =0 [5] 
3.0V 50 50 50 50 ms D0=0[5) 
5.5V 25 25 25 25 ms D1=1[5] 
3.0V 200 200 200 200 ms D0=1 [5] 
5.5V 100 100 100 100 ms D1=1 [5] 

Notes: 
[1] Timing Reference uses 0.7Vcx; for a logic 1 and 0.2Vcx; for alogicO. 
[2] Interrupt request via Port 3 (P31-P33). 
[3] Interrupt request via Port 3 (P30). 
[4] SMR-05 = 0. 
[5] Reg. WDTMR. 
[6] The V00 voltage specification of 3.0V guarantees 3.3V ±0.3V, and 

the V00 voltage specification of 5.5V guarantees 5.0V ±0.5V. 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = XTAL) 

TA = O"C to +70"C T1 =-40"C to +105"C 
v.., 4MHz 4MHz 

No Symbol Parameter Nota[6) Min Max Min Max Units Notaa 

TpC Input Clock Period 3.0V 250 DC 250 DC ns [1,7,8] 
5.5V 250 DC 250 DC ns [1,7,8] 

2 TrC,TfC Clock Input Rise & Fall Times 3.0V 25 25 ns [1,7,8] 
5.5V 25 25 ns [1,7,8] 

3 TwC Input Clock Width 3.0V 125 125 ns [1,7,8] 
5.5V 125 125 ns [1,7,8] 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1,7,8] 
5.5V 70 70 ns [1,7,8] 

5 TwTinH Timer Input High Width 3.0V 3TpC 3TpC [1,7,8] 
5.5V 3TpC 3TpC [1,7,8] 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC [1,7,8] 
5.5V 4TpC 4TpC [1,7,8] 

7 Tr Tin, Timer Input Rise & Fall Timer 3.0V 100 100 ns [1,7,8] 
TfTin 5.5V 100 100 ns [1,7,8] 

BA TwlL Int. Request Low Tirne 3.0V 100 100 ns [1,2,7,8) 
5.5V 70 70 ns [1,2,7,8) 

88 TwlL Int. Request Low Time 3.0V 3TpC 3TpC [1,3,7,8] 
5.5V 3TpC 3TpC [1,3,7,8] 

9 TwlH Int. Request Input High Time 3.0V 3TpC 3TpC [1,2,7,8] 
5.5V 3TpC 2TpC [1,2,7,8] 

10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 ns [4,8) 
5.5V 12 12 ns [4,8] 

11 Tosi Oscillator Startup Time 3.0V 5TpC 5TpC [4,8,9] 
5.5V 5TpC 5TpC [4,8,9] 

Notes: 
[1] Timing Reference uses 0. 7 V""' for a logic 1 and 0.2 V cc for a logic 0. 
[2] Interrupt request via Port 3 (P33-P31 ). 
[3] Interrupt request via Port 3 (P30). 
(4] SMR-05 = 1, POR STOP mode delay is on. 
[5] Reg. WDTMR. 
[6] The V00 voltage specification of3.0V guarantees 3.3V ±0.3V, and 

the V 00 voltage specification of 5.SV guarantees 5.5V ±0.5V. 
[7] SMR 01 =0. 
[8] Maximum frequency for internal system clock is 4 MHz when 

using XTAL divide-by-one mode. 
[9] For RC and LC oscillator, and for oscillator driven by clock driver. 
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AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

ROY 
(Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

---.. 11---------i --~J••HH-HHm-HHHH-•-HoamnnH-'"""'"""'---""""'""""""'_"_ 
Data In Valid Next Data In Valid i--------"'I __ _,,~ ........ , _____ ,,,_,,_,., ............. , __ , __ .., __ , ............... _ .... _ 

Delayed DAV .-............................................... ~r-···--u-......... . 

Figure 26. Input Handshake Timing 

-- 11--------------"'lf·······························-
Data Out Valid Next Data Out Valid 

-- l'-------------...!if································ 

Figure 27. Output Handshake Timing 
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AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table 

TA= O°C to +70°C TA =-40°Cto+105°C 
Yee 12MHz 18MHz 12MHz 18MHz Data 

No Symbol Parameter Note[1,2) Min Max Min Max Min Max Min Max Direction 

TsDl(DAV) Data In Setup Time 3.0V 0 0 0 0 IN 
5.5V 0 0 0 0 IN 

2 ThDl(DAV) Data In Hold Time 3.0V 160 160 160 160 IN 
5.5V 115 115 115 115 IN 

3 TwDAV Data Available Width 3.0V 155 155 155 155 IN 
S.5V 110 110 110 110 IN 

4 TdDAVl(RDY) DAV Fall to ROY Fall Delay 3.0V 160 160 160 160 IN 
5.5V 115 115 115 115 IN 

5 TdDAVld(RDY) DAV Rise to ROY Rise Delay 3.0V 120 120 120 120 IN 
5.5V 80 80 80 80 IN 

6 TdRDYO(DAV) ROY Rise to DAV Fall Delay 3.0V 0 0 0 0 IN 
5.5V 0 0 0 0 IN 

7 TdDO(DAV) Data Out to DAV Fall Delay 3.0V 42 31 42 31 OUT 
5.5V 42 31 42 31 OUT 

8 TdDAVO(RDY) DAV Fall to ROY Fall Delay 3.0V 0 0 0 0 OUT 
5.5V 0 0 0 0 OUT 

9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 3.0V 160 160 160 160 OUT 
5.5V 115 115 115 115 OUT 

10 TwRDY ROY Width 3.0V 110 110 110 110 OUT 
5.5V 80 80 80 80 OUT 

11 TdRDYOd(DAV) ROY Rise to DAV Fall Delay 3.0V 110 110 110 110 OUT 
5.5V 80 80 80 80 OUT 

Notes: 
[1) Timing Reference uses 0.7V00 for a logic 1and0.2V00 for a logic O. 
[2) The V00 voltage specification of 3.0V guarantees 3.3V ±0.3V and the 

V00 voltage specification of 5.5V guarantees 5.0V ±0.5V. 
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EXPANDED REGISTER FILE CONTROL REGISTERS 

SMR (FH) OB 

SCLK/TCLK Divide-by-16 
0 OFF .. 
1 ON 

External Clock Divide by 2 
0 SCLK/TCLK =XTAL.12" 
1 SCLK/TCLK =XTAL 

STOP-Mode Recovery Source 
000 POR Only and/or External Reset• 
001 P30 

• Defautt setting after RESET. 

010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0-3 
111 P2 NOR 0-7 

Stop Delay 
0 OFF 
1 ON" 
Stop Recovery Level 
0 Low" 
1 High 

Stop Flag (Read only) 
0 POR" 
1 Stop Recovery 

• • Default setting after RESET and STOP-Mode Recovery. 

Figure 28. Stop-Mode Recovery Register 
(Write Only Except Bit 07, Which Is Read Only) 

WDTMR (F)OF 

1~5lD4lD310L2I~ 
WOT TAP INT RC OSC 

00 5ms 
01 • 15 ms 
10 25 ms 
11 100 ms 

WOT During HALT 
0 OFF 
1 ON* 

------ WOT During STOP 
0 OFF 
1 ON• 

External Clock 
256TpC 
512TpC 

1024TpC 
4096TpC 

------- XTAL 1/INT RC Select for WOT 
0 On-Board RC • 
1 XTAL 

..._ _________ Reseived (Must be 0) 

• Default setting after RESET 

Figure 29. Watch-Dog Timer Mode Register 
(Write Only) 
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za• CONTROL REGISTERS 

PCON (FH) OOH 

Comparator Output Port 3 
0 P34, P37 Standard Output" 
1 P34, P37 Co1T9arator Output 

o Port 1 Open Drain 
1 Port 1 Push-pull Active" 

0 Port 0 Open Drain 
1 Port O Push-puH Active" 

0 Port 0 Low EMI 
1 Port 0 Standard" 

0 Port 1 Low EMI 
1 Port 1 Standard" 

0 Port 2 Low EMI 
1 Port 2 Standard" 

0 Port 3 Low EMI 
1 Port 3 Standard" 

Low EMI Oscillator 
0 LowEMI 

• Dafautt Setting After Reset 1 Standard" 

Figure 30. Port Configuration Register (PCON) 
(Write Only) 

R241TMR 

9-40 

O No Function 
1 LoadTO 

O Disable TO Count 
1 Enable TO Count 

o No Function 
1 Load T1 

O Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retrlggerable) 
11 Trlgger Input 

(Retrlggerable) 

TOUT Modes 
00 NotUsed 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 31. Timer Mode Register 
(F1": Read/Write) 

R242T1 

R243PRE1 

R244TO 

R245 PREO 

Z86C40 CMOS Z8' 4K ROM CCP'" 
CONSUMER CONTROLLER PROCESSOR 

T1 Initial Value 
(WhenWrltten) 
(Range: 1 ·256 Decimal 

01-00HEX) 
T1 Current Value 

(When Read) 

Figure 32. Counter/Timer 1 Register 
(F2": Read/Write) 

Count Mode 
o T1 Single Pass 
1 T1 ModuloN 

Clock Source 
1 T11ntemal 
o T1 External Timing Input 

(TIN) Mode 

Prescaler Modulo 
(Renge: 1-64 Decimal 
01-00HEX) 

Figure 33. Prescaler 1 Register 
(F3H: Write Only) 

TO lnltlal Value 
(When Written) 
(Renge: 1-256 Decimal 
01-00HEX) 

TO Current Value 
(When Read) 

Figure 34. Counter/Timer 0 Register 
(F4": Read/Write) 

Count Mode 
o TO Single Pass 
1 TOModuloN 

ReSlllVed (Must be 0) 

Prescaler Modulo 
(Range: 1 ·64 Decimal 
01·00 HEX) 

Figure 35. Prescaler o Register 
(F5": Write Only) 



R246P2M 

R247 P3M 

P20 - P27 l/O Deftnltlon 
o Defines Bit as OU1put 
1 Defines Bit as Input 

Figure 36. Port 2 Mode Register 
(F6": Write Only) 

o Port 2 Pull-Ups Open Drain 
1 Port 2 Pull·UpsActlve 

O P31, P32 Digital Mode 
1 P31, P32 Analog Mode 

0 P32 =Input 
P35 =Output 

1 P32 = /DIWO/RDYO 
P35 = RDYO//D/WO 

'------- 00 P33 =Input 
P34=0utput 

01 P33 = Input 
10 P34=1DM 
11 P33 = /DAVO/RDYO 

P34 = RDY1 //DAV1 

0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 = /D/W2/RDY2 
P36 • RDY2//DAV2 

0 P30 =Input 
P37 =Output 

Reserved (Must be 0) 

Figure 37. Port 3 Mode Register 
(F7": Write Only) 

Z86C40 CMOS Z8' 4K ROM CCP'" 
CoNSUMER CONTROLLER PROCESSOR 

R248 P01M 

R2491PR 

--r-

POO - P03 Mode 
00 Output 
01 Input 
1X A11-A8 

Stack Selection 
o External 
1 Internal 

P10- P17 Mode 
00 Byte OU1put 
01 Byte Input 
10 AD7-ADO 
11 High-Impedance AD7 - ADO, 

/AS, /OS, /RINI, A11 - A8, 
A15 -A12, K Selected 

External Memory Timlng 
0 Normal 
1 Extended 

P04 - P07 Mode 
00 Output 
01 Input 
1X A15-A12 

Figure 38. Port 0 and 1 Mode Register 
(FSH: Write Only) 

L l Interrupt Group Priority 
ooo Reserved 
001 C>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IR04>1RQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>1RQO 
1 IRQO>IRQ2 

IRQ3, IRQS Priority (Group A) 
0 IR05>1RQ3 
1 IRQ3>1RQS 

Reserved (Must be O) 

Figure 39. Interrupt Priority Register 
(F9H: Write Only) 
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ZS CONTROL REGISTERS (Continued) 

R2501RQ 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IR04·TO 
IRQ5•T1 

Inter E!lge 
P31 l P32 l =00 
P31 l P321' =01 
P311' P32l =10 
P311'J.P321'J.-11 

Figure 40. Interrupt Request Register 
(FA": Read/Write) 

R251 IMR 

lwlool~l~!ooloo!~!ool 

I ....___I -

•Thia option """' bo Mlectod when ROM code la 
llUbmltted for ROM Mu~ng. othlrwlH this control bit 
le disabled pennanentty. 

1 Enables IRQO.IRQ5 
(DO=IRQO) 

1 Enables RAM PrOlllCI' 

1 Enables Interrupts 

Figure 41. Interrupt Mask Register 
(FB": Read/Write) 

R252FLAGS 

9-42 

User Flag F1 

User Flag F2 

HaW carry Flag 

Decimal Adjust Flag 

OVerflow Flag 

Sign Flag 

Zero Flag 

carry Flag 

Figure 42. Flag Register 
(FC": Read/Write) 

R253RP 

R254SPH 

R255SPL 

Z86C40 CMOS Z8' 4K ROM CCP'" 
CONSUMER CONTIKlLLER PROCESSOR 

Expended Register Fiia 

Working Register Poln1er 

Figure 43. Register Pointer 
(FD": Read/Write) 

Stack Pointer Upper 
Byte (SP8 - SP15) 

Figure 44. Stack Pointer High 
(FE": Read/Write) 

S1ack Pointer Lower 
Byte (SPO - SP7) 

Figure 45. Stack Pointer Low 
(FF": Read/Write) 



INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253) 
Interrupt mask register (R251) 

Z86C40 CMOS 'lr4K ROM CCP'" 
CONSUMER C0N1ROLLER PRocessoR 

Flags. Control register (R252) contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 
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tt'21LJ:6 Z88C40 CMOS U'4K ROM cep• 
CONsuMER CONnloLLER PRocessoR 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry c = 1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (SXORV) = 0 
0001 LT Less than (SXORV) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=O 
0111 ULT Unsigned Less Than C=1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = O) = 1 
0011 ULE Unsigned Less Than or Equal (C ORZ) = 1 
0000 F Never True (Always False) 
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•211 . .cn; 
INSTRUCTION FORMATS 

Z86C40 CMOS 7Jf 4K ROM ccp· 
C0NsUMER CoNTROLLER PROCESSOR 

OPC CCF, DI, El, IRET, NOP, 
ACF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src OR I 111 o I dsl/src I DECW, INC, INCW, 
POP, PUSH, AL, RLC, 
RR, RRC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dst OR I 1110 I dst 

OPC SRP 

VALUE 

OPC I MODE ADC, ADD, AND, CP, 
OR, SBC, SUB, TCM, 

dst src TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src srCl'dst 
LDC, LOCI 

dst/src I OPC LO 

src/dst OR I 1110 I src 

dst I OPC lD 

VALUE 

dsl/CC I OPC DJNZ, JR 

RA 

FFH STOP/HALT 

eFH I 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" +- ". For example: 

dst +- dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

ADC, ADD, AND, CP, 
dst I LO, OR, SBC, SUB, 

_ TCM, TM, XOR 

~OR1110 t:±=j OR ,___1110 dst 

LO 

MODE l OPC 

dsl/src l x 

ADDRESS 

LO 

JP 

CALL 

Three-Byte Instructions 

notation "addr (n)" is used to refer to bit (n} of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 
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~au::a; Z86C40 CMOS ZB'4K ROM CCP'" 
CoNSUMER CONTROLLER PROCESSOR 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operation dst arc Byte (Hex) C Z s v D H and Operation dst src Byte (Hex) C Z S V D H 

NOP FF STOP 6F 

OR dst, src t 4[ 1 - * * 0 SUB dst, src t 2[ 1 * * * * * dst+-dst OR src dst+-dst-src 

POPdst R 50 - - - - - - SWAPdst R FO x * * x - -
dst+-@SP; IR 51 

p 55 IR F1 

SP+-SP + 1 •I 

PUSH src R 70 - - - - - - a SP+-SP-1; IR 71 TCM dst, src t 6[ l - * * 0 
- -

@SP+-src (NOT dst) 

ANDsrc 

RCF CF 0 - - - - -
C+-0 TMdst,src t 7[ l - * * 0 

- -
dstAND src 

RET AF - - - - - -
PC+-@SP; WOT 5F x x x 
SP+-SP + 2 

XOR dst, src t B[] - * * 0 -
RLdst R 90 * * * * - - dst+-dst XOR src 

~ IR 91 
t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 

RLCdst R 10 ****- - set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

lful=tt5P 
IR 11 applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 

RRdst R EO * * * * - - modes r (destination) and Ir (source) is 13. 

Lffi C£Ej}l IR E1 

Address Mode Lower 

RRCdst R co * * * * - - dst src Opcode Nibble 

~ 
IR C1 

[2] 

SBCdst, src t 3[ l * * * * 1 * 
Ir [3] 

dst+-dst-src-C 
R R [4] 

SCF DF 1 - - - - -
C+-1 R IR [5] 

SRAdst R DO * * * 0 
- - R IM [6] 

@ IR 01 
IR IM [7] 

SRPsrc Im 31 - - - - - -
RP+-src 
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OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADD ADD 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

RLC RLC ADC ADC ADC 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

2 INC INC SUB SUB SUB 

R1 IR1 r1, r2 r1, lr2 R2, A1 
8.0 6.1 6.5 6.5 10.5 

3 JP SRP SBC SBC SBC 

IRR1 IM r1, r2 r1, lr2 A2, R1 
8.5 8.5 6.5 6.5 10.5 

4 DA DA OR OR OR 

R1 IR1 r1, r2 r1, lr2 R2, R1 
10.5 10.5 6.5 6.5 10.5 

6 POP POP AND AND AND 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

6 COM COM TCM TCM TCM 

R1 IR1 r1, r2 r1, lr2 R2, R1 

10/12.1 12/14.1 6.5 6.5 10.5 
PUSH PUSH TM TM TM 

l 
.! 7 

R2 IR2 r1, r2 r1, lr2 R2, R1 
10.5 10.5 12.0 18.0 

I 
z 

DE_CW DECW LOE LOEI 
RR1 IR1 r1 lrr2 lr1 lrr2 

l 8 

D. 
::> 6.5 6.5 12.0 18.0 

RL RL LOE LDEI 
R1 IR1 r2 lrr1 lr2 lrr1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 

RR1 IR1 r1, r2 r1, lr2 R2, R1 

6.5 6.5 6.5 6.5 10.5 
B CLR CLR XOR XOR XOR 

R1 IR1 r1, r2 r1, lr2 R2, R1 

6.5 6.5 12.0 18.0 
c RRC RRC LDC LOCI 

R1 IR1 r1, lrr2 lr1, lrr2 
6.5 6.5 12.0 18.0 20.0 

D SRA SRA LDC LOCI CALL* 

R1 IR1 lrr1, r2 lrr1, lr2 IRR1 
6.5 6.5 6.5 10.5 

E RR RR LD LD 

R1 IR1 r1, IR2 R2, R1 
8.5 8.5 6.5 

F SWAP SWAP LD 
R1 IR1 lr1 r2 

v 
2 

Execution 
Cycles 

First 
Operand 

9-48 

Lower Nibble (Hex) 

5 8 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2,R1 R1,IM IR1, IM r1, R2 r2,R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2,R1 R1,IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, A1 A1,IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1.IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
AND AND AND 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 ffi.5 
TM TM TM 

IR2. R1 R1,IM IR1,IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1,IM IR1,IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LO 

DA r2,x,R1 
10.5 10.5 10.5 
LD o LD LO 

IR2, R1 R1,IM IR1,IM 
10.5 
LD 

R2 IR1 • ~ 

y 

3 
Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86C40 CMOS Z8' 4K ROM ccp· 
CoNSUMER CoNlROLLER PROCESSOR 

A B c D E F 

12/10.5 12/10.0 6.5 12.10.0 6.5 
DJNZ JR LD JP INC 
r1,RA cc, RA r1,IM cc, DA r1 I---

1--

1---

1---

'e:o 
WOT 

'e:o 
STOP 

7o-
HALT 

~ 
DI 

1---
6.1 
El 

1---
14.0 
RET 

~ 
IRET 

ls:5"" 
RCF 

ls:5' 
SCF 

~ 
CCF 

1-s.o' 
• • • NOP 

y v v 
2 3 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Dst Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: Blanks are reserved. 

*2-byte instruction appears as 
a 3-byte instruction 



PACKAGE INFORMATION 

ti 

s 

40·Pin DIP Package Diagram 

.020 x 45 DEG 
REF 

EDGE METALLIZED 

.075 
]'15 

.040 x 45 DE:G 
REF <3 PLCS> 

~:~-j 
1[10 MA~ll 

+ .500 MAX 

44·Pln PLCC Package Diagram 

Z86C40 CMOS zat 4K ROM CCP'" 
CONSUMER CONlROLLER PROcESSOR 

SYMBOL MILLIMETER INCH 
HIN MAX HIN MAX 

Al 0.51 0.81 .o20 .032 
A2 3.25 3.43 .128 .135 
I 0.38 0.53 .015 .021 
Bl 1.02 1.52 .040 .060 
c o.t!3 D.38 .009 .015 
D 52.07 52.58 i!.950 2.070 
[ 15.24 15.75 .600 .620 
El 13.59 14.22 .535 .S60 

_IL 2.54 TYP .100 TYP 

•• 15.49 16.51 .610 .650 

L 3.18 3.81 .125 .150 

•GI 1.52 1.91 .060 .075 
s 1.52 2.29 .060 .090 

CONTRCLLING DIHE:NSUlNS 1 INCH 

.008 R TYP 
<44 PLCS> 
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ft'2H.m 
PACKAGE INFORMATION (Continued) 

-----HD-----
----11----

i 
i 
i 
i 
i ·-·-·-·-·-i-·-·-·-·-· 
j 
j 
i 

E HE 

.......... ~===;::i:;:' ===;:;!t:==..::ll!_j 

b .. 

NCTE:S. 
~ CDNTRIJLl.lNG DIMENSUlNS 1 HILLD£TE:R 
2. LE:All CllPLANARITY 1 MAX .JJl mm 

.004" 

SYMllJL 

Al 

A2 
b 

c 
HD 

D 
HE 
E 

...II. 
L • 

MILLIMETER 

HIN MAX 

o.os 025 
2.00· 2.25 
025. 0.45 

0.13 0.20 

13.70 14.30 

9.90 10.10 

13.70 14.30 

9.90 10.10 

0.80 TYP 

0.60 L20 

44·Pln QFP Package Diagram 
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A2 

Al 

c 

o•-1e• 

INCH 
HIN 
.G02 
.078 

.010 

.GOS 

.:139 

.390 

.539 

.390 

Z86C40 CMOS Z8'4K ROM ccp· 
CONSUMER CoNTROLLER PROCESSOR 

L 

MAX 
.010 

.089 

.018 

.G08 

.:163 

.398 

.563 

.398 

.031 TYP 

.oe• .047 



ORDERING INFORMATION 

Z86C40 (12 MHz) 
Standard Temperature 

40-Pin DIP 40-Pln PLCC 44-Pin QFP 
Z86C4012PSC Z86C4012VSC Z86C4012FSC 

Z86C40 (16 MHz) 
Standard Temperature 

40-Pln DIP 40-Pln PLCC 44-Pin QFP 
Z86C4016PSC Z86C4016VSC Z86C4016FSC 

Z86C40 CMOS ZS' 4K ROM CCP'" 
CoNSUMER CONTAOLLER PROCESSOR 

Extended Temperature 
40-Pin DIP 40-Pin PLCC 44-Pin QFP 

Z86C4012PEC Z86C4012VEC Z86C4012FEC 

Extended Temperature 
40-Pln DIP 40-Pin PLCC 44-Pin QFP 

Z86C4016PEC Z86C4016VEC Z86C4016FEC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

CODES 

Preferred Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 

Preferred Temperature 
S = 0°C to +70°C 

Longer Lead Time 
E = -40°C to + 105°C 

Speeds 
08 = 8 MHz 
16 = 16 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86C40 16 P S C 

~ 
is a Z86C40, 16 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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Z86E40 CMOS ZB® B·Bit OTP CCP™ 11!111 
Consumer Controller Processor lli:I 





FEATURES 

• Low Cost, 8-Bit CMOS OTP Microcontroller, with 
4 Kbytes of One-Time PROM and 236 Bytes of RAM 

• Package Styles: 40-Pin DIP, 44-Pin PLCC, 
44-Pin QFP, 40-Pin Cerdip Window Lid 

• 4.5V to 5.5V Operating Range 

• Clock Speeds up to 12 MHz 

• Software Programmable Low EMI Mode . 

• Software Enabled Watch-Dog Timer 

• Pull-Up Active/Open-Drain Programmable on 
Port 0, Port 1 and Port 2 

• Programmable RC Oscillator, EPROM Protect, 
and RAM Protect 

• Low Power Consumption: 60mW 

• Fast Instruction Pointer: 0.6 µs 

GENERAL DESCRIPTION 

The Z86E40 OTP (One-Time-Programmable) CCP™ (Con
sumer Controller Processors) is a member of Zilog's ZSllD 
single-chip microcontroller family with enhanced wake-up 
circuitry, programmable watch-dog timers and low noise/ 
EMI options. These enhancements result in a more effi
cient, cost-effective design and provide the user with 
increased design flexibility over the standard ZS micro
controller core. With 4 Kbytes of One-Time-PROM and 236 
bytes of general-purpose RAM, this low cost, low power 
consumption CMOS microcontroller offers fast execution, 
efficient use of memory, sophisticated interrupts, input/ 
output bit manipulation capabilities, and easy hardware/ 
software system expansion. 

PRODUCT SPECIFICATION 

Z86E40 
CMOS ZS® 8-BIT OTP CCP™ 
CONSUMER CONTROLLER PROCESSOR 

• Two Standby Modes: STOP and HALT 

• 32 Input/Output Lines 

• Digital Inputs CMOS Levels, Schmitt-Triggered 

• Three Expanded Register File Control Registers 

• Two Programmable 8-Bit Counter/Timers Each 
with a 6-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Auto Latches 

• Auto Power-On Reset 

• Two Comparators 

• On-Chip Oscillator that Accepts a Crystal, Ceramic 
Resonator, LC, RC, or External Clock Drive. 

The Z86E40 architecture is characterized by Zilog's 8-bit 
microcontroller core with an expanded register file to allow 
easy access to register mapped peripheral and 1/0 cir
cuits. 

The Z86E40 has 32 pins dedicated to input and output for 
applications demanding powerful 1/0 capabilities. These 
lines are grouped into four ports, eight lines per port, and 
are configurable under software control to provide timing, 
status signals, and parallel 1/0 with or without handshake, 
and address/data bus for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 

Four basic address spaces are available to support this 
wide range of configurations: Program Memory, Data 
Memory, Register File, and Expanded Register File (ERF). 
The Register File is composed of 236 bytes of general
purpose registers, four 1/0 port registers, and 15 control 
and status registers. The Expanded Register File consists 
of three control resisters. 

To unburden the system from coping with the real-time 
tasks such as counting/timing and input/output data com
munication, the Z86E40 offers two on-chip counter/timers 
with a large number of user selectable modes, and two on
board comparators to process analog signals with a com
mon reference voltage (Figures 1 and 2). 

Z86E40 CMOS Z8" OTP, 8-BIT ccp• 
CONsUMEA CONlRoLLER PROCESSOR 

Offered in a variety of package styles, such as 40-pin DIP, 
44-pin PLCC, 44-pin QFP and 40-pin Cerdip Window Lid, 
the Z86E40 is well-suited for a wide range of applications. 

Notes: 
All Signals with a preceding front slash, 'f, are active Low, e.g., 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit 

Vex; 
GND 

Device 

Output Input vcc GND XTAL /AS /OS R//W /RESET 

10-2 

Counter/ 
Timers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

! 

ALU 

FLAGS 

Register 
Pointer 

! 

Address or 1/0 
(Nibble Programmable) 

Machine Timing 
& 

Instruction Control 

RESET 
WDT,POR 

Address/Data or l/O 
(Byte Programmable) 

Figure 1. Z86E40 Functional Block Diagram 



MSN 
Port3 

ZS 
Porto 

AD 11· 0 

EPM /PGM 
P32 P30 

/CE 
XT1 

Address 
MUX 

D7·0 

AD 11·0 

4K 
EPROM 

12S Bytes 
TEST ROM 

ROM PROT 
RAM PROT 

RCOsc 

VPP 
P33 

D7·0 
Data 
MUX 

Figure 2. Z86E40 EPROM Programming Block Diagram 
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ZS 
Port2 

/OE 
P31 
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'P21Lm Z86E40 CMOS Z8' OTP, 8-Brr CCP'" 
CONSUIER CONTROLLER PROCESSOR 

PIN IDENTIFICATION 

Table 1. 40-Pln DIP Pin Identification• 
R//W 40 IDS 

Standard Mode 
P25 2 39 P24 Pin# Symbol Function Direction 

P26 3 38 P23 
1 RINI ReadN/rite Output 

P27 4 37 P22 2-4 P25-P27 Port 2, Pins 5,6,7 In/Output 

P04 5 36 P21 5-7 P04-P06 Port 0, Pins 4,5,6 In/Output 
8-9 P14-P15 Port 1, Pins 4,5 In/Output 

P05 6 35 P20 10 P07 Porto, Pin 7 In/Output 

P06 7 34 P03 
11 Vee Power Supply 

P14 8 33 P13 12-13 P16-P17 Port 1, Pins 6,7 In/Output 
14 XTAL2 Crystal Oscillator Output 

P15 9 32 P12 15 XTAL1 Crystal Oscillator Input 

P07 10 Z86E40 31 GND 16-18 P31-P33 Port 3, Pins 1,2,3 Input 
DIP 19 P34 Port3, Pin 4 Output 

vcc 11 30 P02 20 /AS Address Strobe Output 

P16 12 29 P11 21 /RESET Reset Input 

P17 13 28 P10 22 P35 Port3, Pin 5 Output 
23 P37 Port3, Pin 7 Output 

XTAL.2 14 27 P01 24 P36 Port3, Pin 6 Output 

XTAL1 15 26 POO 25 P30 Port3, Pin 0 Input 
26-27 POO-P01 Port 0, Pins 0, 1 In/Output 

P31 16 25 P30 

17 24 P36 
28-29 P10-P11 Port 1, Pins O, 1 In/Output 

P32 30 P02 Porto, Pin 2 In/Output 
P33 18 23 P37 31 GND Ground 

P34 19 22 P35 
32-33 P12-P13 Port 1 , Pins 2,3 In/Output 

34 P03 Porto, Pin 3 In/Output 
/AS 20 21 /RESET 35-39 P20-P24 Port 2, Pins 0, 1,2,3.4 In/Output 

40 IDS Data Strobe Output 

Figure 3. 40-Pln DIP Pin Configuration* Note: 

(Standard Mode) * Pin Configuration and Identification identical on DIP 
and Cerdip Window Lid style packages. 
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<t'2il.Cl6 Z86E40 CMOS zat OTP, 8-Bn' ccp· 
CONSUllER CONTROLLER PRocEssoR 

~ g .., C\I c c ~ .... 0 .... 8 a: .... z z ........ 0 
II.. II.. II.. CJ CJ II.. II.. II.. II.. II.. 

6 5 4 3 2 1 44 43 42 41 40 

P21 7 39 P30 

P22 8 • 38 P36 

P23 9 37 P37 

P24 10 36 P35 

IDS 11 35 /RESET 

NC 12 
Z86E40 

R//RL PLCC 34 

R//W 13 33 /AS 

P25 14 32 P34 

P26 15 31 P33 

P27 16 30 P32 

P04 17 29 P31 

18 19 20 21 22 23 24 25 26 27 28 Im :g 8 :;!: ~ ~ 8 8 ~ ~ ~ ~ 
II.. II.. II.. II.. 

II.. > > II.. II.. ~ ~ 

Figure 4. 44·Pln PLCC Pin Configuration 
(Standard Mode) 

Table 2. 44·Pln PLCC Pin Identification 

Standard Mode Standard Mode 
Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-2 GND Ground 28 XTAL1 Crystal Oscillator Input 
3-4 P12-P13 Port 1, Pins 2,3 In/Output 29-31 P31-P33 Port 3, Pins 1,2,3 Input 
5 P03 Porto, Pin 3 In/Output 32 P34 Port 3, Pin 4 Output 

6-10 P20-P24 Port2, Pins0,1,2,3,4 In/Output 33 /AS Address Strobe Output 
11 IDS Data Strobe Output 34 R//RL ROM/ROMless select Input 
12 NC No Connection 35 /RESET Reset Input 

13 R/{W Read{Write Output 36 P35 Port 3, Pin 5 Output 
14-16 P25-P27 Port 2, Pins 5,6,7 In/Output 37 P37 Port 3, Pin 7 Output 
17-19 P04-P06 Port 0, Pins 4,5,6 In/Output 38 P36 Port3, Pin 6 Output 
20-21 P14-P05 Port 1, Pins 4,5 In/Output 39 P30 Port3, Pin O Input 

22 P07 Porto, Pin 7 In/Output 40-41 POO-P01 Port 0, Pins 0, 1 In/Output 
23-24 Vee Power Supply 42-43 P10-P11 Port 1 , Pins 0, 1 In/Output 
25-26 P16-P17 Port 1, Pins 6,7 In/Output 44 P02 Port 0, Pin 2 In/Output 

27 XTAL2 Crystal Oscillator Output 
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PIN IDENTIFICATION (Continued) 

Standard Mode 
Pin# Symbol 

1-2 P05-P06 
3-4 P14-P05 
5 PO? 

6-7 Vee 
8-9 P16-P17 
10 XTAL2 
11 XTAL1 

12-14 P31-P13 
15 P34 
16 /AS 
17 R//RL 
18 /RESET 
19 P35 
20 P37 

10-6 

,...., ,...., ,...., ,...., ,...., ,...., 

H H H H H H 
H H H I- H H I- H 

~ 33 32 31 30 29 28 27 26 25 24 23 
~ 

P21 

P22 

P23 

P24 

IDS 

NC 

[ 

[ 

[ 

[ 

[ 

[ 

II 

II 
II 

II 

34 

35 

36 

37 

38 

39 

40 

41 

42 

22 

21 

20 

19 

Z86E40 18 

QFP 17 

16 

15 

14 

R//W 

P25 

P26 

P27 

P04 

[ II 430 13 
44 12 

' 
1 2 3 4 5 6 7 8 9 10 11 / 

H HH H H I- t- H 
H HH H H t- H 

L..J ...... L..J L..J L..J ...... L..J 
ll) 

~ 
'<I" ll) !:; () () co ,.. 

~ ::; a Ci: Ci: §? §? Ci: Ci: a. a. ~ ~ 
Figure 5. 44-Pin QFP Pin Configuration 

(Standard Mode) 

Table 3. 44-Pin QFP Pin Identification 

Standard Mode 
Function Direction Pin# Symbol 

Port 0, Pins 5,6 In/Output 21 P36 
Port 1, Pins 4,5 In/Output 22 P30 
Port 0, Pin 7 Jn/Output 23-24 POO-P01 
Power Supply 25-26 P1 O-P11 
Port 1, Pins 6, 7 In/Output 27 P02 
Crystal Oscillator Output 28-29 GND 
Crystal Oscillator Input 30-31 P12-P13 

Port 3, Pins 1,2,3 Input 32 P03 
Port 3, Pin 4 Output 33-37 P20-4 
Address Strobe Output 38 /DS 
ROM/ROMless select Input 39 NC 
Reset Input 40 R//l/V 
Port 3, Pin 5 Output 41-43 P25-P27 
Port 3, Pin 7 Output 44 P04 

Z86E40 CMOS zae OTP, 8-BIT CCP" 
CONSUMER CONTROLLER PROCESSOR 

I 

II J 

II J 

II J 

:II J 

Function 

P30 

P36 

P37 

P35 

/RESET 

R//RL 

/AS 

P34 

P33 

P32 

P31 

Port 3, Pin 6 
Port 3, Pin 0 
Port 0, Pin 0, 1 
Port 1, Pins 0, 1 
Port 0, Pin 2 
Ground 
Port 1, Pins 2,3 

Port O, Pin 3 
Port 2, Pins O, 1,2,3,4 
Data Strobe 
No Connection 
Read/l/Vrite 
Port 2, Pins 5,6,7 
Port 0, Pin 4 

Direction 

Output 
Input 
In/Output 
In/Output 
In/Output 

In/Output 

In/Output 
In/Output 
Output 

Output 
In/Output 
In/Output 



<t)2il.CIG Z86E40 CMOS U' OTP, S·BIT ccp• 
CONSUMER CONlROLLER PROCESSOR 

Table 4. 40·Pin DIP Package Pin Identification* 
NC 40 NC 

EPROMMode 
05 2 39 04 Pin# Symbol Function Direction 

06 3 38 03 1 NC No Connection 

07 4 37 02 2-4 D5-D7 Data 5,6,7 In/Output 
5-7 A4-A6 Address 4,5,6 Input 

A4 5 36 01 8-9 NC No Connection 

AS 6 35 DO 
10 A7 Address 7 Input 
11 Vee Power Supply 

A6 7 34 A3 
NC No Connection 12-14 

NC 8 33 NC 15 /CE Chip Select Input 

9 32 NC 
16 /OE Output Enable Input 

NC 17 EPM EPROM Prog. Mode Input 

A7 10 Z86E40 31 GND 18 vpp Prog. Voltage Input 
DIP 19 AB Address 8 Input 

NC 11 30 A2 
20-21 NC No Connection 

NC 12 29 NC 22 A9 Address 9 Input 

NC 13 28 NC 23 A11 Address 11 Input Im 24 A10 Address 10 Input 
NC 14 27 A1 25 /PGM Prog. Mode Input 

/CE 15 26 AO 
26-27 AO-A1 Address 0,1 Input 
28-29 NC No Connection 

/OE 16 25 /PGM 
30 A2 Address 2 Input 

EPM 17 24 A10 31 GND Ground 

23 
32-33 NC No Connection 

VPP 18 A11 34 A3 Address 3 Input 

AB 19 22 A9 35-39 D0-04 Data 0, 1,2,3,4 In/Output 
40 NC No Connection 

NC 20 21 NC 
Note: 
• Pin Configuration and Description identical on DIP and Cerdin Window 

Figure 6. 40-Pin DIP Pin Configuration* 
Lid style packages. 

(EPROM Mode) 
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PIN IDENTIFICATION (Continued) 

01 

02 

03 

04 
NC 

NC 
NC 
05 

06 

07 

A4 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

6 5 4 3 2 1 44 43 42 41 40 

• 

Z86E40 
PLCC 

18 19 20 21 22 23 24 25 26 27 28 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

Figure 7. 44-Pln PLCC Pin Configuration 
(EPROM Programming Mode) 

Table 5. 44-Pln PLCC Pin Identification 

/PGM 

A10 

A11 

A9 

NC 
NC 
NC 
AB 

VPP 

EPM 

/OE 

Z86E40 CMOS z~ OTP, B·BIT ccp· 
CONSUMER CONTROLLER PROCESSOR 

EPROM Programming Mode EPROM Programming Mode 
Pin # Symbol Function Direction 

1-2 GND Ground 
3-4 NC No Connection 
5 A3 Address 3 Input 

6-10 DO-D4 Data 0, 1,2,3,4 In/Output 
11-13 NC No Connection 
14-16 D5-D7 Data5,6,7 In/Output 

17-19 A4-A6 Address 4,5,6 Input 
20-21 NC No Connection 

22 A? Address 7 Input 
23-24 Vee Power Supply 
25-27 NC No Connection 

28 /CE Chip Select Input 

10-8 

Pin # Symbol Function 

29 /OE Output Enable 
30 EPM EPROM Prag. Mode 
31 VPP Prag. Voltage 
32 A8 Address 8 

33-35 NC No Connection 
36 A9 Address 9 

37 A11 Address 11 
38 A10 Address 10 
39 /PGM Prag. Mode 

40-41 AO,A1 Address 0,1 
42-43 NC No Connection 

44 A2 Address 2 

Direction 

Input 
Input 
Input 
Input 

Input 

Input 
Input 
Input 
Input 

Input 



01 

02 

03 

04 

NC 

NC 
NC 

05 

06 

07 

A4 

[ 

II 

[ 

[ II 

[ II 

..., ..., l""1 ..., r ..., 
H H H t- H t- H 

H H H 

r 
33 32 31 30 29 28 27 26 25 24 23 

~ 

34 22 
35 21 
36 20 
37 19 
38 

Z86E40 18 
39 17 QFP 
40 16 
41 15 
42 14 
43 13 

0 44 12 

' 
1 2 3 4 5 6 7 8 9 10 11 

...I 

H H H H I- H H H 
H H H H H H H H 

....... L...J ....... ....... ....... ....... ....... 

"' ~ (.) (.) ~ (.) 

~ 
(.) (.) (.) w 

<C z z ~ z z z Q 

Figure 8. 44-Pin QFP Pin Configuration 
(EPROM Programming Mode) 

Table 6. 44-pin QFP Pin Identification 

II 

II 

II 

II 

I 

Z86E40 CMOS ZS' OTP' B·BIT ccp· 
CoNSUMER CoNl!IOLLER PROCESSOR 

] /PGM 

] A10 

A11 

] A9 

] NC 
NC 

] NC 
AS 

VPP 

] EPM 

/OE 

EPROM Programming Mode EPROM Programming Mode 
Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-2 A5-A6 Address 5,6 Input 21 A10 Address 10 Input 
3-4 NC No Connection 22 /PGM Prog. Mode Input 
5 A7 Address 7 Input 23-24 AO,A1 Address0,1 Input 

6-7 Vee Power Supply 25-26 NC No Connection 
8-10 NC No Connection 27 A2 Address 2 Input 

11 /CE Chip Select Input 28-29 GND Ground 
12 /OE Output Enable Input 30-31 NC No Connection 
13 EPM EPROM Prog. Mode Input 32 A3 Address 3 Input 
14 vpp Prog. Voltage Input 33-37 00-04 Data 0, 1,2,3,4 In/Output 
15 AB Address 8 Input 38-40 NC No Connection 

16-18 NC No Connection 41-43 05-07 Data 5,6,7 In/Output 
19 A9 Address 9 Input 44 A4 Address 4 Input 
20 A11 Address 11 Input 
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PIN FUNCTIONS 

EPROM Programming Mode 

D7·DO Data Bus. The data can be read from or written to 
external memory through the data bus. 

A11·AO Address Bus. During programming, the EPROM 
address is written to the address bus. 

V cc Power Supply. This pin must supply 5V during the 
EPROM read mode and 6V during other modes. 

/CE Chip Enable (active Low). This pin is active during 
EPROM Read Mode, Program Mode and Program Verify 
Mode. 

/OE Output Enable (active Low). This pin drives the direc
tion of the Data Bus. When this pin is Low, the Data Bus is 
output, when High, the Data Bus is input. 

EPM EPROM Program Mode. This pin controls the differ
ent EPROM Program Mode by applying different voltages. 

V PP Program Voltage. This pin supplies the program volt
age. 

Z86E40 Standard Mode 

XTAL Crystal 1 (time-based input). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, RC net
work, or external single-phase clock to the on-chip oscilla
tor input. 

XTAL2 Crystal 2 (time-based output). This pin connects a 
parallel-resonant crystal, ceramic resonator, LC, or RC 
network to the on-chip oscillator output. 

R//W Read/Write (output, write Low). The R//W signal is 
Low when the CCP is writing to the external program or 
data memory. 

/RESET Reset (input, active Low). Reset will initialize the 
MCU. Reset is accomplished either through Power-On, 
Watch-Dog Timer reset, STOP-Mode Recovery, or exter
nal reset. During Power-On Reset and Watch-Dog Timer 
Reset, the internally generated reset drives the reset pin 
low for the POR time. Any devices driving the reset line 
must br open-drain in order to avoid damage from a 
possible conflict during reset conditions. Pull-up is pro
vided internally. After the POR time, /RESET is a Schmitt
triggered input. 
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Z86E40 CMOS 7J' OTP, S·Brr CCP'" 
CoNSUllER CONTROLLER PROCESSOR 

/PGM Program Mode (active Low). When this pin is Low, 
the data is programmed to the EPROM through the Data 
Bus. 

Application Precaution 

The production test-mode environment may be enabled 
accidentally during normal operation if excessive noise 
surges above V00 occur on pins XTAL 1 and /RESET. 

In addition, processor operation of ZB OTP devices may be 
affected by excessive noise surges on the VP , /CE, /EPM, 
/OE pins while the microcontroller is in stantl'ard mode. 

Recommendations for dampening voltage surges in both 
test and OTP mode include the following: 

• Using a clamping diode to V 00; 

• Adding a capacitor to the affected pin. 

To avoid asynchronous and noisy reset problems, the 
Z86E40 is equipped with a reset filter of four external 
clocks (4TpC). If the external reset signal is less than 4TpC 
in duration, no reset occurs. On the fifth clock after the 
reset is detected, an internal RST signal is latched and held 
for an internal register count of 18 external clocks, or for the 
duration of the external reset, whichever is longer. During 
the reset cycle, IDS is held active Low while /AS cycles at 
a rate of TpC/2. Program execution begins at location 
OOOCH, 5-10 TpC cycles after /RESET is released. For 
Power-On Reset, the reset outputtime is 5 ms. The Z86E40 
does not reset WDTMR, SMR, P2M, and P3M registers on 
a STOP-Mode Recovery operation. 

/ROMless (input, active Low). This pin, when connected to 
GND, disables the internal ROM and forces the device to 
function as a Z86C90/C89 ROMless ZB. (Note that, when 
left unconnected or pulled High to V cc. the device functions 
normally as a ZB ROM version). 

Note: When using in ROM Mode in High EMI (noisy) 
environment, the ROMless pins should be connected 
directly to Vee. 



Port O (P07-POO). Port 0 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control as a nibble 1/0 port, or as an 
address port for interfacing external memory. The input 
buffers are Schmitt-triggered and nibble programmed. 
Either nibble output that can be globally programmed as 
push-pull or open-drain. Low EMI output buffers can be 
globally programmed by the software. Port 0 can be 
placed under handshake control. In Handshake mode, 
Port 3 lines P32 and P35 are used as handshake control 
lines. The handshake direction is determined by the con
figuration (input or output) assigned to Port O's upper 
nibble. The lower nibble must have the same direction as 
the upper nibble. 

... 

Open-Drain 

OEN 

Out 

1.5 .- 2.3V Hysteresis 

Z86E40 CMOS 'Z8' OTP, S·BIT CCP'" 
CoNSUMER CONTROLLER PROCESSOR 

For external memory references, Port 0 provides address 
bits A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port 0 can be programmed independently as 1/0 while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for 1/0 operation, they must be configured by 
writing to the Port 0 mode register. In ROM less mode, after 
a hardware reset, Port 0 is configured as address lines 
A 15-AB, and extended timing is set to accommodate slow 
memory access. The initialization routine can include 
reconfiguration to eliminate this extended timing mode. In 
ROM mode, Port 0 is defined as input after reset. 

Port 0 can be set in the high-impedance mode if selected 
as an address output state, along with Port 1 and the 
control signals /AS, /DS, and R//V'I (Figure 9). 

Port 0 (1/0) 

Handshake Controls 
/DAVO and RDYO 
(P32 and P35) 

PAD 

r ----------- -, 
I I 
I I Auto Latch 

I I 
I R~ 500kn I L _____________ .J 

Figure 9. Port O Configuration 
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PIN FUNCTIONS (Continued) 

Port 1 (P17-P10). Port 1 is an 8-bit, bi-directional, CMOS 
compatible port with multiplexed Address (A7-AO} and 
Data (07-DO) ports. These eight 1/0 lines can be pro
grammed as inputs or outputs or can be configured under 
software control as an Address/Data port for interfacing 
external memory. The input buffers are Schmitt-triggered 
and the output buffers can be globally programmed as 
either push-pull or open-drain. Low EMI output buffers can 
be globally programmed by the software. Port 1 can be 
placed under handshake control. In this configuration, 
Port 3, lines P33 and P34 are used as the handshake 

Open-Drain 

OEN 

Out 

In 

Z86E40 
MCU 

1.5 ____.. 2.3V Hysteresis 

Z86E40 CMOS Z8' OTP, 8-Brr CCP'" 
CONSUMER CONTROLLER PROCESSOR 

controls RDY1 and /DAV1 (Ready and Data Available). To 
interface external memory, Port 1 must be programmed for 
the multiplexed Address/Data mode. If more than 256 
external locations are required, Port 0 outputs the addi
tional lines (Figure 10). 

Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, /DS, and R/N/, allowing the Z86E40 to 
share common resources in multiprocessor and DMA 
applications. 

Port2 (1/0) 

Handshake Controls 
/DAV1 and RDY1 
(P33 and P34} 

PAD 

r ----------- I 
: : Auto Latch 

I I 
I R~500k.Cl I L _____________ J 

Figure 10. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bi-directional, CMOS 
compatible 1/0 port. These eight 1/0 lines can be config
ured under software control as an input or output, indepen
dently. All input buffers are Schmitt-triggered. Bits pro
grammed as outputs can be globally programmed as 
either push-pull or open-drain. Low EMI output buffers can 

be globally programmed by the software. When used as 
an 1/0 port, Port 2 can be placed under handshake control. 

In Handshake Mode, Port 3 lines P31 and P36 are used as 
handshake control lines. The handshake direction is deter
mined by the configuration (input or output) assigned to bit 
7 of Port 2 (Figure 11 ). 

Open-Drain 

OEN 

Out 

In 

Z86E40 
MCU 

Port2 (VO) 

} 
Handshake Controls 

1-----il~ /DAV2 and RDY2 
(P31 and P36) 

TTL Level Shifter 

r ---------------------
' I 

PAD 

I I 

: : Auto Latch 
I I 
I I 
I I 

: R=500Kn : 
~------------------------J 

Figure 11. Port 2 ConflguraUon 
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PIN FUNCTIONS (Continued) 

Port 3 (P37-P30). Port 3 is an 8-bit, CMOS compatible port 
with our fixed inputs (P33-P30) and four fixed outputs (P37-
P34 ). These eight lines can be configured by software for 
interrupt and handshake control functions. Port 3, Pin O is 
Schmitt-triggered. P31, P32 and P33 are standard CMOS 
inputs (no Auto Latches) and P34, P35, P36 and P37 are 
push-pull output lines. Low EMI output buffers can be 
globally programmed by the software. Two on-board com
parators can process analog signals on P31 and P32 with 
reference to the voltage on P33. The analog function is 
enabled by setting the D1 of Port 3 Mode Register (P3M). 
The comparator output can be outputted from P34 and 
P37, respectively, by setting PCON register Bit DO to 1 

Z86E40 
MCU 

Z86E40 CMOS Zfl OTP, 8-Brr CCP'" 
CONSUMER CONTROLLER PAocEssoll 

state. For the interrupt function, P30 and P33 are falling 
edge triggered interrupt inputs. P31 and P32 can be 
programmed as falling, rising or both edges triggered 
interrupt inputs (Figure 12). Access to Counter{Timer 1 is 
made through P31 (T1N) and P36 <Tour>· Handshake lines 
tor Port 0, Port 1, and Port 2 are also available on Port 3 
(Table 7). 

Note: P33-P30 differs from the Z86C40 in that there is no 
clamping diode to Vee due to the EPROM high-voltage 
circuits. Exceeding the V1H maximum specification during 
standard operating mode may cause the device to enter 
EPROMmode. 

Port3 
(VO or Control) 

.-------------------------: 
l I 
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I I 

l R~500kn l 
~--------------------------

P30 

R247=P3M 

11 =Analog 

---------- O=Dlgltal 

P30Data 
l..att:h IRQ3 

~-----o IRQ2, lln, P31 Data Latch 

'.':""°~------....:_ _____ IRQ1, P33 Data Latch 
From Stop Mode 
Recovery Source 

u 

Figure 12. Port 3 Configuration 
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Table7. Port 3 Pin Assignments 

Pin VO CTC1 Analog Interrupt POHS P1 HS P2HS Ext 

P30 IN IRQ3 
P31 IN T,N AN1 IRQ2 
P32 IN AN2 IRQO 
P33 IN REF IRQ1 

P34 OUT AN1-0ut 
P35 OUT 
P36 OUT TOUT 
P37 OUT An2-0ut 

Comparator Inputs. Port 3, P31 and P32, each have a 
comparator front end. The comparator reference voltage 
P33 is common to both comparators. In analog mode, P31 
and P32 are the positive input of the comparators and P33 
is the reference voltage of the comparators. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs (except P33-P31) that are not externally 
driven. Whether this level is 0 or 1, cannot be determined. 
A valid CMOS level, rather than a floating node, reduces 
excessive supply current flow in the input buffer. Auto 
Latches are available on Port 0, Port 2 and P30. There are 
no Auto Latches on P31, P32, and P33. 

Low EMI Emission. The Z86E40 can be programmed to 
operate in a low EMI emission mode in the PCON register. 

D/R 
D/R 

D/R 

R/D /OM 
R/D 

R/D 

The oscillator and all 1/0 ports can be programmed as low 
EMI emission mode independently. Use of this feature 
results in: 

• The pre-drivers slew rate reduced to 10 ns typical. 

• Low EMI output drivers have resistance of 200 Ohms PP.II 
(typical). l&:I 

• Low EMI Oscillator. 

• Internal SCLK/TCLK= XTAL operation limited to a 
maximum of 4 MHz- 250 ns cycle time, when Low EMI 
Oscillator is selected and system clock (SCLK = XTAL, 
SMR Reg. Bit 01 =1) 
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FUNCTIONAL DESCRIPTION 

The Z86E40 MCU incorporates the following special func
tions to enhance the standard za• architecture to provide 
the user with increased design flexibility. 

RESET. The device is reset in one of three ways: 

1. Power-On Reset 

2. Watch-Dog Timer 

3. STOP-Mode Recovery Source 

Having the Auto Power-on Reset circuitry built-in, the 
Z86E40 does not need to be connected to an external 
power-on reset circuit. The reset time is 5 ms (typical) plus 
18 clock cycles. The Z86E40 does not re-initialize WDTMR, 
SMR, P2M, and P3M registers to their reset values on a 

65535 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

4096 
4095 

12 .....i 

11 

10 

9 

8 

7 

6 

5 

>1 
3 

2 

1 

0 

EPROM 

External 
ROM and RAM 

On-Chip One Time PROM 

" ------------
~ 

IRQS 

IRQS 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

~ IRQ2 

~ IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Z8&E40 CMOS 11' OTP, 8-BtT CCP'" 
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STOP-Mode Recovery operation. Note: The device Vee 
must rise up to the operating V cc specification before the 
TPORexpires. 

Program Memory. The Z86E40 can address up to 4 
Kbytes of internal program memory (Figure 13). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For EPROM 
mode, byte 12 (OOOCH) to address 4095 (OFFFH) consists 
of programmable EPROM. After reset, the program counter 
points at the address OOOCH which is the starting address 
of the user program. In ROMless mode, the Z86E40 can 
address up to 64 Kbytes of external program memory. The 
ROM/ROMless option is only available on the 44-pin 
devices. 

ROM less 

External 
ROM and RAM 

IRQS 

IRQS 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 13. Program Memory Map 
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EPROM Protect. The 4 Kbytes of program memory is a 
one-time PROM. An EPROM protect feature prevents 
dumping of the ROM contents by inhibiting execution 
of LDC, LDC/, LDE, and LDEI instructions to program 
memory in all modes. ROM look-up tables cannot be 
used with this feature. 

Data Memory (/DM). In EPROM mode, the Z86E40 can 
address up to 60 Kbytes of external data memory begin
ning at location 4096. In ROMless mode, the Z86E40 can 

65535 

4096 

4095 

0 

EPROM 

Extemal 
Data 

Memory 

Not Addressable 

Z86E40 CMOS ~ OTP, 8-BIT CCP" 
CONsullER CONTI!Ou.ER PROCESSOR 

address up to 64 Kbytes of data memory. External data 
memory may be included with, or separated from, the 
external program memory space. /DM, an optional 1/0 
function that can be programmed to appear on pin P34, is 
used to distinguish between data and program memory 
space (Figure 14 ). The state of the /DM signal is controlled 
by the type of instruction being executed. An LDC opcode 
references PROGRAM (/DM inactive) memory, and an 
LOE instruction references data(/DM active Low) memory. 

ROMless 

External 
Data 

Memory 

Figure 14. Data Memory Map 

Expanded Register Fiie (ERF). The register file has been 
expanded to allow for additional system control registers, 
mapping of additional peripheral devices and inpuVoutput 
ports into the register address area. The ZB register 
address space RO through R15 is implemented as 16 
groups of 16 registers per group (Figure 15). These regis
ter groups are known as the Expanded Register File (ERF). 

The low nibble (03-DO) of the Register Pointer (RP) select 
the active ERF group, and the high nibble (07-04) of 
register RP select the working register group (Figure 16). 
Three system configuration registers reside in the Ex
panded Register File at bankFH: PCON, SMR, and WDTMR. 
The rest of the Expanded Register is not physically imple
mented and is reserved for future expansion. 
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FUNCTIONAL DESCRIPTION (Continued) 

REGISTER POINTER 

l1 l sl sl 4l sl 2l 1I 0 1 
Working Register 

Gro\!l!_Pointer J 1 Expanded Register 
Grou_llPolnter 

/1 
t 

* 

* 
Z8Reg. Fiie 

%FF 

%FO 

~ !'----_ 

* 

%7F 

** 

Reaerved 

%OF 

%00 

_, 
U=Unknown 
t For Z88E40 (ROMleas) reset condition: '10110110' 

* wtll not be !IHI with a STOP Mode Racoveiy 

** Wiii not be !IHI with a STOP Mode Racoveiy, except Btt DO. 

Z86E40 CMOS Z8' OTP, 8-BIT CCP'" 
C0NsuMER CONIROLLSI PROCESSOR 

Zl9 mNDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 
I 01joej osj 041osj02! 01 joo I 

%FF SPL u u u u u u u u 
%FE Re8elved u u u u u u u u 
%FD RP 0 0 0 0 0 0 0 0 

%FC FLAGS u u u u u u u u 
%FB IMR 0 u u u u u u u 
%FA IRQ 0 0 0 0 0 0 0 0 

%F9 IPR u u u u u u u u 
%F8 P01M 0 1 0 0 1 1 0 1 

%F7 P3M 0 0 0 0 0 0 0 0 

%F6 P2M 1 1 1 1 1 1 1 1 

%FS PREO u u u u u u u 0 

%F4 TO u u u u u u u u 
%F3 PRE1 u u u u u u 0 0 

%F2 T1 u u u u u u u u 
%F1 TMR 0 0 0 0 0 0 0 0 

%FO RaMrved 

EXPANDED REG. GROUP ( F) 
REGISTER RESET CONDITION 

%(F)OF WDTMR u u u 0 1 1 0 1 

%(F)OE Re8elved 

%(F)OD Re8elved 

%(F)OC Reserved 

%(F)OB SMR 0 0 1 0 0 0 0 0 

%(F)OA Reaerved 

%(F)09 Re8elved 

%(F)06 Re8elved 

%(F)07 Re8elved 

%jB_06 Re8elved 

%(F)OS Re8elved 

%(F)04 Rasarved 

%(F)03 Raaerved 

%(F)02 Rasarved 

%(F)01 Rasarved 

%(F)OO PCON 1 1 1 1 1 1 1 0 

EXPANDED REG.GROUP (0 
REGISTER RESET CONDITION 

%_fil03 P3 •1 •1 1 1 u u u u 

%J!!l..02 P2 u u u u u u u u 
%(0)01 P1 u u u u u u u u 
%(0)00 PO u u u u u u u u 

Figure 15. Expanded Register Fiie Architecture 
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Register Fiie. The 256 byte register file consists of four 
1/0 port registers, 236 general-purpose registers and 15 
control and status registers (R240 is reserved). The in
structions can access registers directly or indirectly through 
an 8-bit address field. This allows short, 4-bit register 
addresses using the Register Pointer (Figures 16 and 17). 
In the 4-bit mode, the register file is divided into 16 working 
register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. 

R253 RP 

Default setting after RESET• 00000000 

Expanded Register Group 

Working Register Group 

Note: Register Bank EOH-EFH can only be accessed 
through working registers and indirect addressing modes. 

Figure 16. Register Pointer Register 

FF 
r7 r6 rs r4 r3 r2 r1 rO R253 

FO I I I (Register Pointer) 

• The upper nibble of the register file address 
.,_ ___ ...._provided by the register pointer specifies 

7F 

70 

the active working-register group. 

Register Group 7 

Specified Working 
Register Group 

2F ------------

20 
1F 

10 
OF 

00 

Register Group 1 

Register Group O 

1/0 Ports 
....._ __________ ...... 

The lower nibble 
of the register 
file address 
provided by the 
instruction points 
to the specified 
register. 

} :::::. 
~ R3toRO* 

* Expanded Register Group (0) is selected in this figure 
by handling bits 03 to DO as 'O' In Register R253 (RP). 

Figure 17. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 

General-Purpose Registers (GPR). These registers are 
undefined after the device is powered up. The registers 
keep their last value after any reset, as long as the reset 
occurs in the V cc voltage-specified operating range. 

RAM Protect. The upper portion of the RAM's address 
spaces SOH to EFH (excluding the control registers) can 
be protected from reading and writing. This option can be 
selected during the EPROM Programming Mode. After this 
option is selected, the user can activate this feature from 
the internal EPROM. D6 of the IMR control register (R251) 
is used to turn off/on the RAM protect by loading a O or 1, 
respectively. A 1 in D6 indicates RAM Protect enabled. 

Stack. The Z86E40 external data memory or the internal 
register file can be used for the stack. The 16-bit Stack 
Pointer (R254-R255) is used for the external stack which 
can reside anywhere in the data memory for ROMless 
mode. but only from 4096 to 65535 in ROM mode. An 8-bit 
Stack Pointer (R255) is used for the internal stack that 
resides within the 236 general-purpose registers (R4-
R239). SPH can be used as a general-purpose register 
when using internal stack only. 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO and T1 ), each driven by its own 6-bit 
programmable prescaler. The T1 prescaler is driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 18). 
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The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1to256) that has been loaded into the counter. When the 
counter reaches the end of count, a timer interrupt request, 
IRQ4 (TO) or IRQS (T1), is generated. 

The counters can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 
also be programmed to stop upon reaching zero (single 
pass mode} or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counters, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31} as an external 
clock, a trigger input that can be retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3 line P36 serves as a timer output (Tour> through which TO, 
T1 or the internal clock can be output. The counter/timers 
can be cascaded by connecting the TO output to the input 
ofT1. 



lntemal Data Bus 

Write 

PREO TO 
Initial Value Initial Value 

Register Register 

6-Bit 8·bil 
Down Down 

Counter Counter 

lntemal 
Clock 

External Clock 

Clock 
Logic 6-Bit 8-Bit 

Down Down 
Counter Counter 

lntemal Clock 
Gated Clock PRE1 T1 
Triggered Clock lnitlal Value Initial Value 

Register Register 

TIN P31 
Write 

lntemal Data Bus 

Figure 18. Counter!Tlmer Block Diagram 

Read 

Read 
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TO 
Current Value 

Register 

IRQ4 

TOUT 
P36 

IRQ5 

T1 
Current Value 

Register 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86E40 has six different interrupts from six 
different sources. The interrupts are maskable and priori
tized (Figure 19). The six sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30) and two 

Interrupt 
Request 

Global 
Interrupt 
Enable 

IRQ1, 3,4,5 

Z86E40 CMOS '11' OTP, HT CCP'" 
CONSUMER CONTROLLER PllocEssOR 

in counter/timers. The Interrupt Mask Register globally or 
individually enables or disables the six interrupt requests 
(Table 8). 

IRQO IRQ2 

Interrupt 
Edge 
Select 

IRQ(D6, 07) 

6 

Vector Select 

Name 

IRQO 
IRQ1 
IRQ2 
IRQ3 
IRQ4 
IRQ5 
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Figure 19. Interrupt Block Diagram 

Table 8. Interrupt Types, Sources, and Vectors 

Source 

/DAVO, IRQO 
IRQ1 
/DAV2, IRQ2, TIN 
IRQ3 
TO 
Tl 

Vector Location 

o. 1 
2,3 
4,5 
6,7 
8,9 

10, 11 

Comments 

External (P32), Rising/Falling Edge Triggered 
External (P33), Falling Edge Triggered 
External (P31), Rising/Falling Edge Triggered 
External (P30), Falling Edge Triggered 
Internal 
Internal 



When more than one interrupt is pending, priorities are 
resolved by a programmable priority encoder that is con
trolled by the Interrupt Priority Register (IPR). An interrupt 
machine cycle is activated when an interrupt request is 
granted. Thus, disabling all subsequent interrupts, saves 
the Program Counter and Status Flags, and then branches 
to the program memory vector location reserved for that 
interrupt. All Z86E40 interrupts are vectored through loca
tions in the program memory. This memory location and 
the next byte contain the 16-bit starting address of the 
interrupt service routine for that particular interrupt re
quest. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests need 
service. 

An interrupt resulting from AN1 is mapped into IRQ2, and 
an interrupt from AN2 is mapped into IRQO. Interrupts 
IRQ2 and IRQO may be rising, falling or both edge trig
gered, and are programmable by the user. The software 
may poll to identify the state of the pin. 

Programming bits for the Interrupt Edge Select are loc~ted 
in bits 07 and 06 of the IRQ Register (R250). The configu
ration is shown in Table 9. 

XTAL1 

C1I 

-= IS.l 
C1~ 

L 

XTAL2 

C2~ C2~ 

Ceramic Resonator or LC 
Crystal C1, C2 = 22 pF 
C1, C2 = 47 pF TYP * 
F = 8 MHz L = 130 µH * 

F=3 MHz* 

• Typical value including pin parasitics 

XTAL1 

XTAL2 
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Table 9. IRQ Register Configuration 

IRQ Interrupt Edge 
07 06 P31 P32 

0 0 F F 
0 1 F R 
1 0 R F 
1 1 R/F R/F 

Notes: 
F = Falling Edge 
R = Rising Edge 

Clock. The Z86E40 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, RC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 = Input, XTAL2 =Output). The crystal should be AT 
cut, 10 kHz to 12 MHz max, with a series resistance (RS) 
less than or equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XT AL2 
using the vendor's recommended capacitor values from m 
each pin directly to device pin Ground. The RC oscillator I 
option can be selected in the programming mode. The RC 
oscillator configuration must be an external resistor con-
nected from XTAL 1 to XTAL2, with a frequency-setting 
capacitor from XTAL 1 to Ground (Figure 20). 

Note: RC OSC does not support 12 MHz. 

XTAL1 

C1~ 
R 

XTAL2 

RC 
@ SV Vee (TYP) 

C1=33 pF* 
R= 1K* 
F=6.6 MHz* 

XTAL1 

XTAL2 

External Clock 

Figure 20. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

Power-On Reset (POR). A timer circuit clocked by a 
dedicated on-board RC oscillator is used for the Power-On 
Reset (POR) timer function. The POR timer allows V cc and 
the oscillator circuit to stabilize before instruction execu
tion begins. 

The POR timer circuit is a one-shot timer triggered by one 
of three conditions: 

1. Power fail to Power OK status 
2. STOP-Mode Recovery (if 05 of SMR=O) 
3. WOT time-out 

The POR time is a nominal 5 ms. Bit 5 of the STOP mode 
Register (SMR) determines whether the POR timer is 
bypassed after STOP-Mode Recovery (typical for an exter
nal clock and RC/LC oscillators with fast start up times). 

HALT. Turns off the internal CPU clock, but not the XT AL 
oscillation. The counter/timers and external interrupt IRQO, 
IRQ1, and IRQ2 remain active. The device is recovered by 
interrupts, either externally or internally generated. An 
interrupt request must be executed (enabled) to exit HALT 
mode. After the interrupt service routine, the program 
continues from the instruction after the HALT. 

PCON (FH) OOH 

• Default Setting Alter R-t 

Z86E40 CMOS U- OTP, 8-BIT CCP'" 
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In order to enter STOP or HALT mode, it is necessary to first 
flush the instruction pipeline to avoid suspending execu
tion in mid-instruction. To do this, the user must execute a 
NOP (opcode=FFH) immediately before the appropriate 
sleep instruction, i.e.: 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
7F HALT ; enter HALT mode 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 1 O microamperes or less. STOP mode is terminated 
by one of the following resets: either by WOT time-out, 
POR, a STOP-Mode Recovery Source which is defined by 
the SMR register or external reset. This causes the proces
sor to restart the application program at address OOOCH. 

Port Configuration Register(PCON). The PCON register 
configures the ports individually; comparator output on 
Port 3, open-drain on Port O and Port 1, low EMI on Ports 0, 
1, 2 and 3, and low EMI oscillator. The PCON register is 
located in the expanded register file at Bank F, location 00 
(Figure 21 ). 

Comparator Output Port 3 
O P34, P37 Standard Output" 
1 P34, P37 Comparator Output 

O Port 1 Open Drain 
1 Port 1 Push-pull Active' 

o Port o Open Drain 
1 Port 0 Push-pull Active' 

0 Port 0 Low EMI 
1 Port O Standard' 

0 Port 1 Low EMI 
1 Port 1 Standard' 

0 Port 2 Low EMI 
1 Port 2 Standard' 

0 Port 3 Low EMI 
1 Port 3 Standard' 

Low EMI Oscillator 
0 LowEMI 
1 Standard' 

Figure 21. Port Configuration Register (PCON) 
(Write Only} 
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Comparator Output Port 3 (DO). Bit 0 controls the com
parator use in Port 3. A 1 in this location brings the 
comparator outputs to P34 and P37, and a 0 releases the 
Port to its standard 1/0 configuration. 

Port 1 Open-Drain (01). Port 1 can be configured as an 
open-drain by resetting this bit (01 =0) or configured as 
push-pull active by setting this bit (01=1). The default 
value is 1. 

Port O Open-Drain (02). Port O can be configured as an 
open-drain by resetting this bit (02=0) or configured as 
push-pull active by setting this bit (02=1). The default 
value is 1. 

Low EMI Port 0 (03). Port 0 can be configured as a Low 
EMI Port by resetting this bit (03=0) or configured as a 
Standard Port by setting this bit (03= 1 ). The default value 
is 1. 

Low EMI Port 1 (04). Port 1 can be configured as a Low 
EMI Port by resetting this bit (04=0) or configured as a 
Standard Port by setting this bit (04=1 ). The default value 
is 1. 

Low EMI Port 2 (05). Port 2 can be configured as a Low 
EMI Port by resetting this bit (05=0) or configured as a 
Standard Port by setting this bit (05=1 ). The default value 
is 1. 

SMR (F)OB 

Z86E40 CMOS 1" OTP, B·BIT ccp• 
CONsullER CONlROUER PROCESSOR 

Low EMI Port 3 (06). Port 3 can be configured as a Low 
EMI Port by resetting this bit (06=0) or configured as a 
Standard Port by setting this bit (06=1 ). The default value 
is 1. 

Low EMI OSC (07). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive. While a O configures the 
oscillator with low noise drive, however, it does not affect 
the relationship of SCLK and XT AL. The low EMI mode will 
reduce the drive of the oscillator (OSC). The default value 
is 1. Note: 4 MHz is the maximum external clock frequency 
when running in the low EMI oscillator mode. 

STOP-Mode Recovery Register (SMR). This register 
selects the clock divide value and determines the mode of 
STOP-Mode Recovery (Figure 22). All bits are Write Only 
except bit 7 which is a Read Only. Bit 7 is a flag bit that is 
hardware set on the condition of STOP Recovery and reset 
by a power-on cycle. Bit 6 controls whether a low or high 
level is required from the recovery source. Bit5 controls the m 
reset delay after recovery. Bits 2, 3, and 4 of the SMR I 
register specify the STOP-Mode Recovery Source. The 
SMR is located in Bank F of the Expanded Register Group 
at address OBH. 

SCLK/TCLK Divide by 16 
0 OFF** 
1 ON 

External Clock Divide by 2 
o SCLK/TCLK =XTALJ2" 
1 SCLK/TCU< =XTAL 

Stop Mode Recovery Source 
000 POR and/or External Reset• 
001 P30 
010 P31 
011 P32 
100 P33 
101 P27 
110 P2 NOR 0:3 
111 P2 NOR 0:7 

'--------- Stop Delay 
0 OFF 
1 ON* 

.._ ________ Stop Recovery Level 

0 Low* 
1 High 

---------- StopFlag 
O POR* 
1 Stop Recovery 

* Dafautt setting altar RESET. 
•• Delautt setting altar RESET and STOP-Mode Recovery. 

Figure 22. STOP-Mode Recovery Register 
(Write-Only Except Bit D7, Which Is Read-Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

SCLK/TCLKDivide-by·16Select(OO). This bit of the SMR 
controls a divide-by-16 prescaler of SCLK/TCLK. The 
purpose of this control is to selectively reduce device 
power consumption during normal processor execution 
(SCLK control) and/or HALT mode (where TCLK sources 
counter/timers and interrupt logic). 

External Clock Divide-by-Two (01). This bit can elimi
nate the oscillator divide-by-two circuitry. When this bit is 
0, the System Clock (SCLK) and Timer Clock (TCLK) are 
equal to the external clock frequency divided by two. The 

SMR 04 03 02 
0 0 0 

VOO 

SMR 04 D3 02 SMR D4 03 02 SMR D4 03 02 
001 100 101 
0 1 0 
0 1 1 

P33 P27 

Z86E40 CMOS ZS' OTP, a.err CCP'" 
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SCLK{TCLK is equal to the external clock frequency when 
this bit is set (01=1). Using this bit together with 07 of 
PCON further helps lower EMI (i.e., 07 (PCON) = 0, 01 
(SMR) = 1 ). The default setting is zero. 

STOP-Mode Recovery Source (02, 03, and 04). These 
three bits of the SMR register specify the wake up source 
of the STOP-Mode Recovery (Figure 23). Table 10 shows 
the SMR source selected with the setting of 02 to 04. P33-
P31 cannot be used to wake up from STOP mode when 
programmed as analog inputs. 

SMA D4 03 02 
1 1 0 

SMR D4 03 02 
1 1 1 

ToPOR 

-----------------+---------------------------------------11----------t~~ Stop Mode Recovery Edge ~ 

04 

0 
0 
0 
0 
1 
1 
1 
1 

Select (SMR) 
ToP33Data 
Latch and IRQ1 -P-33_F_ro_m--Pa_d_s ________ .,_ ______________________________________ --IMUX~.,_ ______ _.,. 

DlgltaVAnalog Mode 
Select (P3M) 

Figure 23. STOP-Mode Recovery Source 

Table 10. STOP-Mode Recovery Source 

03 02 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

SMR Source selection 

POR recovery only 
P30 transition 
P31 transition (Not in analog mode) 
P32 transition (Not in analog mode) 
P33 transition (Not in analog mode) 
P27 transition 
Logical NOR of Port 2 bits 0-3 
Logical NOR of Port 2 bits 0-7 

STOP-Mode Recovery Delay Select (05). The 5 ms 
RESET delay after STOP-Mode Recovery is disabled by 
programming this bit to a zero. A 1 in this bit will cause a 
5 ms RESET delay after STOP-Mode Recovery. The default 
condition of this bit is 1. If the fast wake up mode is 
selected, the STOP-Mode Recovery source needs to be 
kept active for at least 5TpC. 

STOP-Mode Recovery Level Select (06). A 1 in this bit 
defines that a high level on any one of the recovery sources 
wakes the Z86E40 from STOP mode. A 0 defines low level 
recovery. The default value is 0. 
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Cold or Warm Start (07). This bit is set by the device upon 
entering STOP mode. A O in this bit indicates that the 
device has been reset by POR (cold). A 1 in this bit 
indicates the device was awakened by a SMR source 
(warm). 

Watch-Dog Timer Mode Register (WDTMR). The WDT is 
a retriggerable one-shot timer that resets the ZS if it 
reaches its terminal count. The WDT is disabled after 
Power-On Reset and initially enabled by executing the 
WOT instruction and refreshed on subsequent executions 
of the WDT instruction. The WDT cannot be disabled when 
it has been enabled. The WOT is driven either by an on
board RC oscillator or an external oscillator from XTAL 1 
pin. The POR clock source is selected with bit 4 of the WDT 
register. 

Note: Execution of the WDT instruction affects the Z (Zero), 
S (Sign), and V (Overflow) flags. 

WOT Time-out Period (DO and 01). BitsO and 1 control a 
tap circuit that determines the time-out periods that can be 
obtained (Table 11 ). The default value ofDO and D1 are 1 
and 0, respectively. 

Table 11. Time-out Period of the WOT 

01 DO 

0 0 
0 1 
1 0 
1 1 

Notes: 

Time-out of the 
Internal RC OSC 

5ms 
15 ms* 
25ms 
100ms 

TpC = External clock cycle. 
•The default setting is 15 ms. 

Time-out of the 
External Clock 

256TpC 
512TpC* 
1024TpC 
4096TpC 

WOTMR (F)OF 
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WOT During HALT Mode (02). This bit determines whether 
or not the WOT is active during HALT mode. A 1 indicates 
that the WDT is active during HALT. A 0 disables the WDT 
in HALT mode. The default value is 1. 

WOT During STOP Mode (03). This bit determines whether 
or not the WDT is active during STOP mode. A 1 indicates 
active during STOP. A 0 disables the WDT during STOP 
mode. 

Clock Source For WOT (04). This bit determines which 
oscillator source is used to clock the internal POR and WDT 
counter chain. If the bit is a 1, the internal RC oscillator is 
bypassed and the POR and WDT clock source is driven 
from the external pin, XT AL 1. The default configuration of 
this bit is 0, which selects the RC oscillator. 

WDTMR Register Accessibility. The WDTMR register is 
accessible only during the first 64 internal system clock 
cycles from the execution of the first instruction after 
Power-On Reset, Watch-Dog reset or a STOP-Mode Re- m 
covary (Figures 24 and 25). After this point, the register I 
cannot be modified by any means, intentional or otherwise. 
The WDTMR cannot be read and is located in Bank F of the 
Expanded Register Group at address location OFH. 

l~slo4lo3loL2I~ 
WOT TAP INT RC OSC External Clock 

00 5 ms 256 TpC 
01 • 15 ms 512TpC 
10 25 ms 1024 TpC 
11 100 ms 4096 TpC 

WOT During HALT 
0 OFF 
1 ON* 

----- WOT During STOP 
0 OFF 
1 ON• 

...._ ______ XTAL1/INT RC Select for WOT 

0 On-Board RC • 
1 XTAL 

--------- Reserved (Must Be 0) 

• Defautt setting after RESET 

Figure 24. Watch-Dog Timer Mode Register 
(Write Only) 
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FUNCTIONAL DESCRIPTION (Continued) 

/Reset 

WOT Select 
(WDTMR) 

CLKSource 
Select 

(WDTMR) 

XTAL 

4Clock 
Filter 1-----1 Clear 

..__......__. .-----1 CU< 

RC 
osc. 

2V Operating 

M 
u 
x 

5rnsPOR 
CK 

CLR 

VDD Voltage Del. 

2VREF. 

From Stop 
Mode 

Recovery 
Source 

WOT 

Stop Delay 
Select (SMR) 

12 ns Glitch Filter 

18 Clock RESET 
Generator RESET 

WOT TAP SELECT 

5ms 15ms 25ms 1 ooms 

WDT/POR Counter Chain 

Figure 25. Resets and WOT 
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Auto Reset Voltage. An on-board Voltage Comparator 
checks that Vee is at the required level to ensure correct 
operation of the device. Reset is globally driven if Vee is 
belowVRsr(Figure 26). lfthe V cc drops below4.5Vwhile the 
device is operating, the device must be powered down, 
then powered up again. 

vcc 2.80 

(Volts) 

2.60 

2.40 

2.20 

N 
~ 
~ 

~ 

"" 

Z86E40 CMOS ZB" OTP, B·BIT CCP'" 
CoNSUMER CoNlllOLLER PROCESSOR 

Note: V cc must be in the allowed operating range ( 4.5V to 
5.5V) prior to the minimum Power-On Resettime-out (T POR). 

2.00 
~ 
~ 1.80 

1.60 

1.40 

·60 ·40 -20 0 20 40 

""i N 
~ 
~ 

60 80 100 120 140 
Temperature 

(oC) 

Figure 26. Typical Z86E40 VRSr Voltage vs Temperature 
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FUNCTIONAL DESCRIPTION (Continued) 

EPROM Programming Mode 

Table 12 shows the programming voltages of each pro
gramming mode. Table 13, Figures 27, 28, and 29 show 
the programming timing of each programming mode. 
Figure 30 shows the circuit diagram of a Z86E40 program
ming adaptor, which adapts from 2764A to Z86E40. Fig
ure 31 shows the flow-chart of an Intelligent Programming 
Algorithm, which is compatible with 2764A EPROM (Z86E40 
is 4K EPROM, 2764A is 8K EPROM). Since the EPROM size 

Z86E40 CMOS zr OTP, S·BIT ccp~ 
CoNSUMER CoNTROLLER PROCESSOR 

of Z86E40 differs from 2764A, the programming address 
range has to be set from OOOOH to OFFFH. Otherwise, the 
upper 4K of data (1000H-1FFFH) will overwrite the lower 
4K of data. 

Note: EPROM Protect feature disables the LDC, LOCI, 
LOE, and LDEI instructions, and a ROM look-up table 
cannot be used with this feature. 

Table 12. EPROM Programming Table 

Programming Modes vpp EPM /CE /OE /PGM ADDR DATA Vee * 

EPROM READ1 x VH VIL VIL VIH ADDA Out 4.5Vt 
EPROM READ2 VH x VIL VIL V1H ADDA Out 5.5Vt 

PROGRAM VH x VIL VIH VIL ADDA in 6.0V 
PROGRAM VERIFY VH x VIL VIL V1H ADDR Out 6.0V 

EPROM PROTECT VH VH VH VIH VIL NU NU 6.0V 
RC OSCILLATOR SELECT VH VIL VH VIH VIL NU NU 6.0V 
RAM PROTECT VH VIH VH VIL VIL NU NU 6.0V 

Notes: Notes (Continued): 
VH 12.5V±12.5V lpp during programming= 40 mA maximum. 
VrH As per specific ZS DC specification. Ice during programming, verify, or read= 40 mA maximum. 
VIL As per specific ZS DC specification. . Vee has a tolerance of ±0.25V . 
x Not used, but must be set to VH, VrH• or V1L level. t Although most programmers do an EPROM read at Vee= 5.0, 
NU Not used, but must be set to either V1H or V1L level. Zilog recommends an EPROM read at V cc = 4.5 and 5.0 to 

ensure proper device operations during the Vee after programming. 

Table 13. EPROM Programming Timing 

Parameters Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 V cc Setup Time 2 µs 

5 Chip Enable Setup Time 2 µs 
6 Program Pulse Width 0.95 1.05 ms 
7 Data Hold Time 2 µs 
8 /OE Setup Time 2 µs 

9 Data Access Time 200 ns 
10 Data Output Float Time 100 ns 
11 Overprogram Pulse Width 2.85 ms 
12 EPM Setup Time 2 µs 

13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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•aUl6 Z86E40 CMOS zr OTP, 8-llrr CCPn 
CoNSUMER CoNTROLLER PROCESSOR 

VIH 

Address Address Stable 
VIL 

VIH 

Data Invalid 
VIL 

VH 

VPP 
VIL 

VH 

~ EPM 
VIL 

® 
5.5V 

~ vcc 
4.5 

VIH 

~ ml /CE 
VIL 

VIH 
OMin 

/OE 
s 

VIL 

VIH 

/PGM 
VIL 

® 

Figure 27. EPROM READ Mode Timing Diagram 
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.2iUJ6 Z86E40 CMOS 11 OTP, S-B1r CCP'" 
CONSUMER C0N1ROLLER PROCESSOR 

Z86E40 TIMING DIAGRAMS 

VIH 

Address 
VIL 

Address Stable x __ _ 
VIH 

Data 
VIL 

VH 
VPP 

VIH 

VH 
EPM 

VIL 

6V 
vcc 

.5V 

VIH 

/CE 
VIL 

VIH 

/OE 
VIL 

VIH 

/PGM 
VIL 

---- Program Cycle Verify Cycle 

Figure 28. Timing Diagram of EPROM Program and Verify Modes 
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Address 

Data 

VPP 

Vee 

/CE 

/OE 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VH 

Z86E40 CMOS ZS' OTP, B·Brr CCP'" 
CONSUllER CONnloLL.ER PROCESSOR 

EPM __.,V1...,H _,,, 

VIL 

VIH 

/PGM VIL 

EPROM Protect RC Oscillator RAM Protect 

Figure 29. Timing Diagram of EPROM Protect, RAM Protect and RC OSC Modes 
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FUNCTIONAL DESCRIPTION (Continued) 

DO 35 

01 36 

02 37 

03 36 

04 39 

OS 2 

__126_ _a 

07 4 

AO 26 

A1 27 

A2 30 

A3 34 

A4 5 

AS 6 

A6 7 

A7 10 

~ 
~ 

GND~ 
~ 

U1 

P20 P10 

P21 P11 

P22 P12 

P23 P13 

P24 P14 

P2S P15 

P26 P16 

P27 P17 

POO P30 

P01 P31 

P02 P32 

P03 P33 

P04 P34 

PCS P35 

P06 P36 

P07 P37 

RINI 

/AS 

IDS XTAL1 

/RESET XTAL2 

Z86E40 
40-Pln DIP 

Socket 

12.SV 16 X1 

GND 4 X3 

vcc 

~ 
~ 

~ 
1-A-x 
~ 
~ 
~ 

25/PGM 

16 /OE 

17 EPM 

1B VPP 

19 AB 

22 A9 

24 A10 

23 A11 

31 GND 

11 vcc 
1S /CE 

~ 

U3 

3 

02 3 

D4 6 

5.0V 

IH5043 

EPM 

AO 10 
AO 

A1 9 
A1 

A2 B A2 
A3 7 

A3 
A4 6 

A4 
AS s 

AS 

~ 4 
A6 

A7 3 
A7 

AB 25 AB 

A9 24 
A9 

A10 21 
A10 

A11 23 
A11 

~ A12 

<: /PGM 

1KOhm 1.A 
R2 

2 2Qr /CS v 

1KOhm1~ 
/OE 

U2 

Z86E40 CMOS 1.8' OTP, B·BIT CCPm 
CoNSUMER CoNTROLLER PROCESSOR 

00 11 DO 

01 12 01 

02 13 02 

03 1.§.. QaJ 

04 
16 04 

05 17 05 

06 1B 06 

07 19 07 

GND 14 GND 

vcc 28 vcc 

VPP 1 VPP 

2764Plns 

0 t ,~, F 

GND 

12.SV 1 R4 2 

1 KOhm 

12.5 Voll 

P1 

GND 

Figure 30. Z86E40 Z8 OTP Programming Adapter 
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Note: 

Increment 
Address 

• To ensure proper operaton, 
Zilog recommends Vee range 
of the device Vee specification. 

Start 

Fail 

Fail 

Device Passed 

Figure 31. Z86E40 Programming Algorithm 

Z86E40 CMOS ZS' OTP, B·BIT CCPm 
CONSUMER CoNmOLLER PROCESSOR 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage (*) -0.3 +7.0 
VIHM Max. Input Voltage (**) 7 
TSTG Storage Temp --650 +150° 
TA Oper Ambient Temp t t 

Power Dissipation 2.2 
Notes: 
• Voltage on all pins with respect to GND. 

••Applies to all Port pins only, except Pert 31, 32, 33 and must 
limit current going Into or out of port pin to 250 µA max. 

t See Ordering Information. 

STANDARD TEST CONDITIONS 

v 
v 
c 
c 
w 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin (Figure 32). 

CAPACITANCE 

Z86E40 CMOS ZS' OTP, B·Brr CCP'" 
CONSUMER CoNlllOLLER PROCESSOR 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

From Output n-------UnderTest 

Figure 32. Test Load Diagram 

TA= 25°C; V00 = GND = OV; f = 1.0 MHz; unmeasured pins returned to GND. 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Vee SPECIFICATION 
V00 5.0V±0.5V 

10·36 

Min 

0 
0 
0 

Max 

12 pF 
12 pF 
12 pF 



*2il.!l6 
Z86E40 CMOS zae OTP, 8-BJT ccp· 

CoNSUMER CoNTROLLER PROCESSOR 

DC ELECTRICAL CHARACTERISTICS 

Vee TA= 0°C to +70°C Typical 
Symbol Parameter Note[3J Min Max @25°C Units Conditions Notes 

Max Input Voltage 5.0V Vee+ 0.5V v 11N <.250 µA [7] 

veH Clock Input High Voltage 5.0V 0.7 Vee Vee+ 0.3V 2.5 v Driven by External 
Clock Generator 

veL Clock Input Low Voltage 5.0V vss --0.3 0.2Vee 1.5 v Driven by External 
Clock Generator 

VIH Input High Voltage 5.0V 0.7 Vee Vee +0.3 2.5 v [7] 

V1L Input Low Voltage 5.0V Vss --0.3 0.2 Vee 1.5 v 

VOH Output High Voltage 5.0V Vee --0.4 4.8 v 10H=-2.0 mA [9] 
(Low EMI Mode) 5.0V Vee --0.4 v l0H = --0.5 mA [8] 

VOL1 Output Low Voltage 5.0V 0.4 0.1 v l0L = +4.0 mA [9] 
(Low EMI Mode) 5.0V 0.4 0.1 v 10L = +1.0 mA [8] 

VOl.2 Output Low Voltage 5.0V 1.5 0.3 v 10L = +12 mA, [9] m 3 Pin Max 

VRH Reset Input High Voltage 5.0V 0.7 Vee vcc+0.3 2.1 v 

VRI Reset Input Low Voltage 5.0V vss --0.3 0.2 Vee 1.7 v 

VOFFSET Comparator Input 5.0V 50 10 mV 
Offset Voltage 

l1L Input Leakage 5.0V -10 +10 <1 µA V1N= OV, Vee 

IOL Output Leakage 5.0V -10 +10 <1 µA VIN= OV, VRL= 0 

llR Reset Input Current 5.0V 60 45 µA V"=5.0V, 

Ice Supply Current 5.0V 16 15.0 mA ®8MHz [4,5] 
(Standard Mode) 20 18 mA ®12 MHz [4,5] 
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•21u:a; Z86E40 CMOS '1J' OTP, 8·Brr ccp• 
COHsulER CONTROUD PllOcEssoR 

DC ELECTRICAL CHARACTERISTICS (Continued) 

Vee T, .. 0°C lo +70°c Typical 
Symbol Parameter Note(3J Min Mu @25°C Units Conditions Notes 

lcc1 Standby Current 5.0V 6.0 3.5 mA HALTmodeV1N=OV, Vee [4,5] 
(Standard Mode) @BMHz 

5.0V 7.5 4.5 mA HALT mode VIN= OV, Vee [4,5] 
@12MHz 

5.0V 3.0 1.5 mA Clock Divide by 16 [4,5] 
@BMHz 

5.0V 3.0 1.7 mA Clock Divide by 16 [4,5) 
@12 MHz 

Ice Supply Current 5.0V 7.5 5.0 mA @2MHz [4,5] 
{Low EMI Mode) 5.0V 12.0 8.0 mA @4MHz [4,5] 

lcc1 Standby Current 5.0V 2.0 1.0 mA @2MHz [4,5] 
(Low EMI Mode) 5.0V 3.0 1.5 mA @4MHz [4,5] 

5.0V 2.0 0.75 mA Clock Divide-by-16 [4,5) 
@2MHz 

5.0V 2.0 1.0 mA Clock Dlvlde-by-16 [4,5] 
@4MHz 

lcc2 Standby Current 5.0V 10 2 µA STOP mode VIN= av, Vee 
WOT is not Running 

[6] 

5.0V BOO 450 µA STOP mode VIN= OV, Vee 
WOT is Running 

[6,10] 

!ALL Auto Latch Low Current 5.0V -10 -5 µA 0V<V1N<Vee 

IALH Auto Latch High Current 5.0V 20 10 µA OV<VIN<Vcc 

TPOR Power-On Reset 5.0V 2.5 4.5 ms 

VRST Auto Reset Voltage 2.6 v 
Notes: 
[1] ICC1 Typ Max Unit Freq 

Clock-driven crystal 0.3mA 6.0 mA BMHz 
or resonator 3.5mA 6.0 mA BMHz 

[2] Vss=OV=GND. 
[3] Vee must be in the allowed operating range (4.5V to 5.5V) prior to 

the minimum T POR timeout. V cc specified at 4.5V to 5.5V. 
[4] All outputs unloaded, 1/0 pins floating, inputs at rail. 
[5] CL1 = CL2 = 100 pF. 
[6] Same as note [4] except inputs at V00. 

[7] Except clock pins and Port 3 input pins in EPROM mode. 
[BJ Port Low EMI mode. 
[9] Port STD mode. 
[10] Internal RC 
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AC ELECTRICAL CHARACTERISTICS 
External 1/0 or Memory Read/Write Timing Diagrams (Standard Mode) 

RINI 

PortO,/DM 

Port 1 

!PS 

IDS 
(Read) 

Port1 

IDS 
(Write) 

A7-AO D7 ·DO OUT 

Figure 33. External VO or Memory Read/Write Timing 

Z86E40 CMOS 1.8' OTP, 8-Brr cCP· 
CONsullER CoNTlloLLER PROCESSOR 
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ft'211Jl6 Z86E40 CMOS 1' OTP, II-Brr CCP" 
CONSUMER CONlllOu.ER PROCESSOR 

AC ELECTRICAL CHARACTERISTICS 
External 1/0 or Memory Read/Write Timing (Standard Mode) 

Standard Mode 
Vee BMHz 12MHz 

No Symbol Parameter Note [11 Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 5.0V 35 35 ns [2] 
2 TdAS(A) /AS Rise to Address Float Delay 5.0V 70 45 ns [2] 

3 TdAS(DR) /AS Rise to Read Data Req'd Valid 5.0V 400 250 ns [1,2] 
4 TwAS /AS Low Width 5.0V 80 55 ns [2] 

5 TdAS(DS) Address Float to /DS Fall 5.0V ns 
6 TwDSR IDS (Read) Low Width 5.0V 300 200 ns (1,2] 

7 TwDSW IDS (Write) Low Width 5.0V 165 110 ns (1,2] 
8 TdDSR(DR) IDS Fall to Read Data Req'd Valid 5.0V 260 160 . ns [1,2] 

9 ThDR(DS) Read Data IDS Rise Hold Time 5.0V ns [2] 
10 TdDS(A) IDS Rise to Address Active Delay 5.0V 95 55 ns [2] 

11 TdDS(AS) IDS Rise to /AS Fall Delay 5.0V 70 45 ns [2] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 5.0V 70 45 ns [2] 

13 TdDS(R/W) IDS Rise to R//W Not Valid 5.0V 70 45 ns [2] 
14 TdDW(DSW) Write Data Valid to IDS Fall (Write) Delay 5.0V 80 55 ns [2] 

15 TdDS(DW) IDS Rise to Write Data Not Valid Delay 5.0V 80 55 ns [2] 
16 TdA(DR) Address Valid to Read Data 

Req'dValid 5.0V 475 310 ns [1,2] 

17 TdAS(DS) I AS Rise to IDS Fall Delay 5.0V 100 65 ns (2] 
18 TdDl(DS) Data Output Setup to IDS Rise 5.0V 75 75 ns [1,21 
19 TdDM(AS) /OM Valid to /AS Fall Delay 5.0V 55 35 ns [2] 

Notes: 
[1] When using extended memory timing add 2TpC. 
(2] Timing numbers given are for minimum TpC. 
[3] 5.0V ±0.5V Standard Test Load. All timing references use 0.7V"" for 

a logic 1 and 0.2 V"" for a logic 0. Standard operating temperature 
range D°C to +70°C. 
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AC ELECTRICAL CHARACTERISTICS 
Additional Timing Diagrams (Standard Mode) 

Clock 

TIN 

IRON 

Clock 
Setup 

Stop 
Mode 

Recovery 
Source 

11 

~~~~~----_-_-_-@-1==~-=--:~~~-
Figure 34. Additional Timing 

Z86E40 CMOS 'lJJ' OTP, 8-BIT CCP'" 
CONsullER CoNIROWR PROCESSOR 
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ft'211.JJ13 Z86E40 CMOS~ OTP, 8-BIT ccp· 
CONsullER CoNIRoUER PROCESSOR 

AC ELECTRICAL CHARACTERISTICS 
Additional Timing Table (Standard Mode} 

Standard Mode 
Vee BMHz 12MHz 

No Symbol Parameter Nole (1J Min Max Min Max Units Noles 

1 TpC Input Clock Period 5.0V 125 DC 83 DC ns [1) 
2 TrC,TIC Clock Input Rise & Fall Times 5.0V 25 15 ns (1) 

3 TwC Input Clock Width 5.0V 62.5 41.5 ns (1) 
4 TwTinL Timer Input Low Width 5.0V 70 70 ns (1) 

5 TwTinH Timer Input High Width 5.0V 5TpC 5TpC [1) 
6 Tplin Timer Input Period 5.0V 8TpC 8TpC [1) 

7 TrTin,TITin Timer Input Rise & Fall Timers 5.0V 100 100 ns [1) 
BA TwlL Int. Request Low Time 5.0V 70 70 ns [1,2] 

88 TwlL Int. Request Low Time 5.0V 5TpC 5TpC [1,3] 
9 TwlH Int. Request Input High Time 5.0V 5TpC 5TpC [1,2] 

10 Twsm STOP-Mode Recovery Width Spec 5.0V 12 12 ns [11] 
5.0V 5TpC 5TpC [10] 

11 Tosi Oscillator Startup Time 5.0V 5TpC 5TpC [4] 
12 Twdt Watch-Dog Timer Delay Time 5.0V 5 5 ms [6) 

5.0V 15 15 ms 171 
5.0V 25 25 ms [8) 
5.0V 100 100 ms [9) 

Notn: 
[1] Timing Reference uses0.7V00 for aloglc 1and0.2V00 for alogicO. 
[2] Interrupt request through Port 3 (P33-P31). 
[3] Interrupt request through Port 3 (P30). 
(4] SMR-05 = 0 
[5] 5.0V ±0.5V 
(6) Reg. WDTMR 01=0, 00=0 
[7] Reg. WDTMR 01=0, 00=1 
[8] Reg. WDTMR 01=1, 00=0 
[9] Reg. WDTMR 01=1, 00=1 
(10] Reg. SMR-05=0. No Delay. 
[11]Reg. SMR-05=1. Wrth Delay. 
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Z86E40 CMOS '1' OTP, 8-BIT CCP"' 
CONsuMER CON!ROLLER PROCESSOR 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

ROY (Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

-~ ............................................................................................................... . 
Data In Valid Next Data In Valid 

-~~ ................................................................................................................. .. 

Delayed DAV 
.-.................................................. ~~ .............................. .. 

Figure 34. Input Handshake Timing 

•---------D-a_ta_Ou_t_va_lld--------t-----;;;;a~-0:~~~-----· 
i-----------~t--------------------· 

Figure 35. Output Handshake Timing 
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ft)au::a; Z86E40 CMOS 'U' OTP, B·BIT CCP'" 
CONSUMER CONTROLLER PROCESSOR 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table - (Standard Modes) 

standard Mode 
Vee BMHz 12MHz Data 

No Symbol Parameler Note!11 Min Max Min Max Direction 

1 TsDl(DAV) Data In Setup Time 5.0V 0 0 IN 
2 ThDl(DAV) Data In Hold Time 5.0V 115 115 IN 

3 TwDAV Data Available Width 5.0V 110 110 IN 
4 TdDAVl(RDY) DAV Fall to RDY Fall Delay 5.0V 115 115 IN 

5 TdDAVld(RDY) DAV Rise to RDY Rise Delay 5.0V 80 80 IN 
6 TdRDYO(DAV) ROY Rise to DAV Fall Delay 5.0V 0 0 IN 

7 TdOO(DAV) Data Out to DAV Fall Delay 5.0V 63 42 OUT 
8 TdDAVO(RDY) DAV Fall to ROY Fall Delay 5.0V 0 0 OUT 

9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 5.0V 115 115 OUT 
10 TwRDY RDYWidth 5.0V 80 80 OUT 
11 TdRDYOd(DAV) ROY Rise to DAV Fall Delay 5.0V 80 80 OUT 

Notes: 
(1 I 5.0 v ±0.5V 
Standard operating temperature range o•c to + 1o•c 
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Z86E40 CMOS zse OTP, 8-BIT CCP'" 
CONsullER CoNTROLl.BI PROCESSOR 

EXPANDED REGISTER FILE CONTROL REGISTERS 

PCON (FH) OOH 

• Default Setting After Reset 

Comparator Output Port 3 
0 P34, P37 Standard* 
1 P34, P37 Comparator OUlput 
O Port 1 Opan Drain 
1 Port 1 Push-pull Active* 

0 Port 0 Open Drain 
1 Port O Push-pull Active* 

0 Port 0 Low EMI 
1 Port O Standard" 

0 Port 1 Low EMI 
1 Port 1 Standard* 

0 Port 2 Low EMI 
1 Port 2 Standard* 

Port3 LowEMI 
Port 3 Standard* 

Low EMI Oscillator 
0 LowEMI 
1 Standard* 

SMR (FH) OB 

1~1~1~1 04 1 001~1~1001 

~.LK Dlvlde-by-16 

1 ON 

External Clock Divide by 2 
0 SCLK/TCLK =Xll\L/2* 
1 SCLK/TCLK -xTAL 

Stnp Mede ReCOVlllY Source 
000 POR Only and/or External Reset" 
001 P30 
010 1'31 
011 P32 
100 P33 
101 P27 
110 P2NOR0-3 
111 P2 NOR 0-7 

-------- StnpDelay 
0 OFF 
1 ON* 
Stnp Recovery Level 
0 Low' 
1 High 

StnpRag 
0 POR* 

Figure 36. Port Configuration Register 
(Write Only) 

1 Stop Recovery 
• Default setting after RESET. 
•• Default setting efter RESET end STOP-Mode Recovery. 

Figure 37. STOP-Mode Recovery Register 
(Write Only Except Bit 07, Which Is Read Only)) 

WDTMR (F)OF 

1~51041ool~LI~ 
WDTTAP INT RC OSC 

00 5ms 
01 • 15 ms 
10 25 ms 
11 100ms 

WIJT During HAil" 
0 OFF 
1 ON* 

.._ _____ WIJT During STOP 

0 OFF 
1 ON• 

External Clock 
256TpC 
512TpC 

1024TpC 
4096TpC 

,__ ______ XTALMNT RC Select for WOT 

0 On-Board RC • 
1 XTAL 

,__ ________ Reserved (Must be OJ 

• Default setting after RESET 

Figure 38. Watch-Dog Timer Mode Register 
(Write Only) 
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Z8 CONTROL REGISTER DIAGRAMS 

R240 

R241TMR 

Reserved (Must be O) 

Figure 39. Reserved 

o No Function 
1 LoadTO 

O Disable TO Count 
1 Enable TO Count 

0 No Function 
1 LoadT1 

o Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gata Input 
10 Trigger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Rell1ggerable) 

TOUT Modes 
00 NotUsed 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Default Alter Reset= OOH 

R242T1 
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Figure 40. Timer Mode Register 
(F1H: Read/Write) 

T1 lnftlal Value 
(When Written) 
(Range: 1-256 Declmal 
01-00 HEX) 

T1 Current Value 
(When Read) 

Figure 41. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243PRE1 

Z86E40 CMOS '18' OTP, 8-Brr CCP'" 
CONSUMER CONTROLLER PRocEssoR 

Count Mode 
0 T1 Single Pass• 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 
O T1 External llmlng Input 

(TIN Mode) 

Prescaler Modulo 

"Default Alter Reset 

(Range: 1·64 Daclmal 
01-00 HEX) 

R244TO 

R245PREO 

Figure 42. Prescaler 1 Register 
(F3H:Wrlte Only) 

------TO lnlUal \tllue 
(When Written) 
(Range: 1 ·256 Decimal 
01.QOHEX) 

TO Current \tllue 
(When Read) 

Figure 43. Counter/Timer o Register 
(F4H: Read/Write) 

Count Mode 
0 T1 Single Pass 
1 T1 ModuloN 

Reserved (Must be OJ 

Prescaler Modulo 
(Range: 1-64 Decimal 
01.00HEX) 

Figure 44. Prescaler O Register 
(F5H: Write Only) 



R246P2M 

• Default After Resat 

P20 • P27 VO Definition 
o Deflnas Bit as Output 
1 Defines Bit as Input" 

R247P3M 

Figure 45. Port 2 Mode Register 
(F6H: Write Only) 

0 Port 2 Open-Drain 
1 Port 2 Push-pull Active 

0 P31, P32 Digital Mode 
1 P31, P32 Analog Mode 

0 P32= Input 
P35·0utput 

1 P32 = /DNO/RDYO 
P35 = ROYO//DIW 

00 P33 = Input 
01 } P34 = Oulput 
01 P33 • Input 
10 P34·/DM 
11 P33=/DN1/RDY1 

P34 = RDY1//DN1 

0 P31 = Input (TIN) 
P36 • Oulput (lOUT) 

1 P31 = /DN2/RDY2 
P36 • ROY2//DN2 

0 P30=1nput 
P37=0utput 

Raaarved (Must be O) 

Default After Resat = OOH 

Figure 46. Port 3 Mode Register 
(F7 ": Write Only) 

Z86E40 CMOS 71' OTP, B·Brr ccp· 
CONsullER CONT!loLLER PlloCESSOR 

R248P01M 

P03 • POO Mode 
00 Output 
01 Input 
1X A11-AJJ 

Staek Selactlon 
0 Exlamal 
1 lnlllrnal 

P17· P10Moda 
00 Byte Output 
01 Byte Input 
10 AD7-ADO 
11 Hlgh-l~A07·ADO, 

/AS, IDS, /R/N(A11 ·AB, 
A15-A12, JI Selected 

External Memory llrnlng 
0 Normal 
1 Exlandad 

P07 - P04 Mode 
00 Output 
01 Input 
1X A15·A12 

Reaat condition = 0100 1101 B 
For ROMless CondlUon = 1011 01108 

R2491PR 

~ 

Figure 47. Port O and 1 Mode Register 
(F8H: Write Only) 

L_ I Interrupt Group Prlo~ty 
000 Raaarved 
001 El>A>B 
010 A>B>C 
011 A>C>B 
100 B>C>A 
101 C>B>A 
110 B>A>C 
111 Reserved 

IRQ1, IRQ4 ~Oflty (Group C) 
0 IRQ1>1RQ4 
1 IRC4>1RQ1 

IRQO, IRQ2 Priority (Group B) 
0 IRQ2>1RQO 
1 IRQO>IRQ2 

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5>1RQ3 
1 IRQ3>1RQ5 

Reserved (Must be O) 

Figure 48. Interrupt Priority Register 
(F9": Write Only) 
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Z86E40 CMOS Z8' OTP, S·BIT CCP" 
CoNSUMER CoNTROLLER PROCESSOR 

ZS CONTROL REGISTER DIAGRAMS (Continued) 

R250 IRQ 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IR04=TO 
IR05=T1 

ln~1E1g"p32 J. = 00 

Default After Reset = OOH 

P31 J. P32t =01 
P31 t P32J. =10 
P31 tJ. P32 tJ. = 11 

R251 IMR 

Figure 49. Interrupt Request Register 
(F"1: Read/Write) 

1~1 00 1~1~1 00 1~1~1 00 1 

1---1 -

1 Enebles IRQO-IR05 
(DOslRQO) 

1 Enebles RAM Protect t 
1 Enables Interrupts 

t RAM Protect option must be previously selected. 

R252 FLAGS 

10-48 

Figure 50. Interrupt Mask Register 
(FB": Read/Write) 

User Flag F1 

User Flag F2 

Hatt Cariy Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 51. Flag Register 
(FC": Read/Write) 

R253RP 

Expanded Register File 

Working Register Pointer 

Default After Reset= OOH 

R254SPH 

R255SPL 

Figure 52. Register Pointer 
(FD": Read/Write) 

Slack Pointer Upper 
Byte (SPB - SP15) 

Figure 53. Stack Pointer High 
(FE": Read/Write) 

Stack Pointer Lower 
Byte (SPO - SP7) 

Figure 54. Stack Pointer Low 
(FF": Read/Write) 



INSTRUCTION SET NOTATION 

Addressing Modes. The following notation is used to 
describe the addressing modes and instruction opera
tions as shown in the instruction summary. 

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
Indirect working-register address only 
Register pair or working register pair 
address 

Symbols. The following symbols are used in describing 
the instruction set. 

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

Destination location or contents 
Source location or contents 
Condition code 
Indirect address prefix 
Stack Pointer 
Program Counter 
Flag register (Control Register 252) 
Register Pointer (R253} 
Interrupt mask register (R251} 

Z86E40 CMOS 'Z8' OTP, 8-Brr CCP"' 
CONSUllER CON1ROUER PRocESSOR 

Flags. Control register (R252} contains the following six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 
Decimal-adjust flag 
Half-carry flag 

Affected flags are indicated by: 

0 
1 

x 

Clear to zero 
Set to one 
Set to clear according to operation 
Unaffected 
Undefined 
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4'211.J:E Z8BE40 CMOS 'Z8' OTP, 8-Brr ccp• 
CoNsullER CoNTilousi PlloCESSOR 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

1000 Always True 
0111 c Carry c = 1 
1111 NC No Carry C=O 
0110 z Zero Z=1 
1110 NZ Not Zero Z=O 

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (SXORV) = 0 
0001 LT Less than (S XORV) = 1 
1010 GT Greater Than [Z OR (S XOR V)) = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

1111 UGE Unsigned Greater Than or Equal C=O 
0111 ULT Unsigned Less Than C=1 
1011 UGT Unsigned Greater Than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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ft'2H . .a6 

INSTRUCTION FORMATS 

Z86E40 CMOS 7JI OTP, 8-BIT ccp• 
CoNsullER COlmloWR PlloCESSOll 

OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC I MODE CLR, CPL, DA, DEC, 

clst/src OR I 111 o I dst/src I DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC JP, CALL (Indirect) 

dst ORl111ol dst 

OPC SRP 

VALUE 

o; l~E ADC, ADD, AND, CP, 
OR, SBC, sue, TOM, 
TM, XOR 

MODE I OPC LO, LOE, LDEI, 
LDC, LOCI 

clst/src srddst 

dstlsrc I OPC LO 

sro/dst ORl111ol SIC 

dst I OPC LO 

VALUE 

dst/CC I OPC DJNZ,JR 

RA 

FFH STOP/HALT 

6FH I 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

Note: Assignment of a value is indicated by the symbol 
" ~ ". For example: 

dst ~ dst + src 

indicates that the source data is added to the destination 
data and the result is stored in the destination location. The 

~OR 1110 SIC 

~OR 1110 dst 

ADC, ADD, AND, CP, 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

OPC I MODE ADC, ADD, AND, CP, 
d&t OR I 111 o I dst I LO, OR, sec. suB . 

... --'-· _ __._ TOM, TM, XOR 
VALUE 

~OR 1110 w 

~OR 1110 dst 

MODE} OPC 
dstlsrc J x 

ADDRESS 

LO 

LO 

JP 

CALL 

Three-Byte Instructions 

notation "addr (n)" is used to refer to bit (n) of a given 
operand location. For example: 

dst (7) 

refers to bit 7 of the destination operand. 
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ftl21u::a; Z86E40 CMOS zae OTP, 8-BIT ccp• 
CoNSUMER CONTRoUER PllocESSOR 

INSTRUCTION SUMMARY (Continued) 

Address Address 
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected 
and Operallon dsl src Byle (Hex) CZSVDH and Operation dsl src Byla (Hex) CZSVDH 

ADC dst, src t 1[ l ****o* INC dst rE -***--
dst+-dst + src + C dst+.-dst + 1 r=O-F 

ADD dst, src t 0( l ****O* 
R 20 
IR 21 

dst+-dst + src 
INCWdst RR AO -***--AND dst, src t 51 I - * * 0 dst+.-dst + 1 IR A1 

dst +-dst AND src 
IRET BF ****** CALLdst DA D6 ------ FLAGS+.-@SP; 

SP+-SP-2 IRR D4 SP+.-SP+ 1 
@SP+..PC, PC+-®SP; 
PC+-dst SP+.-SP+2; 

CCF EF * - - IMR(7)+-1 

C+..NOTC JP CC, dst DA cD ------
CLR dst R BO - - - - if cc is true, C=O-F 
dst+-0 IR B1 PC+.-dst IRR 30 

COMdst R 60 * * 0 
JR cc, dst RA cB ------

dst+..NOT dst IR 61 if cc is true, C=O-F 
PC+-PC +dst 

CPdst, src t A[ I ****-- Range: +127, -128 
dst-src 

LD dst, src r Im rC ------
DAdst R 40 ***X-- dst+.-src r R r8 
dsl+-DAdst IR 41 R r r9 

r=O-F 
DECdst R 00 -***-- r x C7 
dst+.-dst-1 IR 01 x r D7 
DECWdst RR 80 -***-- r Ir E3 
dst+.-dst-1 IR 81 Ir r F3 

R R E4 
DI BF ------ R IR ES 
IMR(7)+-0 R IM E6 

IR IM E7 
DJNZr, dst RA rA ------ IR R F5 
r+.-r-1 r=O-F 
if r;1:0 LDC dst. src Irr C2 ------
PC+.-PC+dst dsl+-src 
Range: +127,-128 

LDCI dst. src Ir Irr ca ------
El 9F ------ dst+.-src 
IMR(7)+-1 r+.-r + 1;rr+-rr+1 

HALT 7F ------ NOP FF ------
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Instruction 
and Operation 

OR dst. src 
dst~dst OR src 

POP dst 
dst~@SP; 

SP~SP+ 1 

PUSH src 
SP~SP-1; 
@SP~src 

RCF 
c~o 

RET 
PC~@SP; 

SP~SP+2 

Rldst 

RLC dst 

RRdst 

4Jt::l±5}J 
RRC dst 

SBC dst, src 
dst~dst-src-C 

SCF 
c~1 

SRA dst 

SRP dst 
RP~src 

Address 
Mode 
dst src 

t 

R 
IR 

R 
IR 

R 
IR 

R 
IR 

R 
IR 

R 
IR 

t 

R 
IR 

Im 

Opcode Flags Affected 
Byte {Hex) C Z S V D H 

4[ l 

50 
51 

70 
71 

CF 

AF 

90 
91 

10 
11 

ED 
E1 

co 
C1 

3[ l 

DF 

DO 
D1 

31 

0-----

****--

****--

****--

* * * a 

Instruction 
and Operation 

STOP 

SUB dst. src 
dst~dst-src 

SWAP dst 

1122501 
TCM dst, src 
(NOT dst) AND src 

TM dst, src 
dst AND src 

XOR dst, src 
ds~dst XOR src 

WOT 

Address 
Mode 
dst src 

t 

R 
IR 

t 

t 

t 

5F 

Z86E40 CMOS 'Z8' OTP, 8-BIT ccp• 
CONSUMER CONTROLW PROCESSOR 

Opcode Flags Affected 
Byte (Hex) C Z S V D H 

6F 

2[ l 

FO 
F1 

6[ l 

7[ l 

B[ ] 

x * * x 

- * * 0 

- * * 0 

- * * a 

- x x x 

t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 
modes r (destination) and Ir (source) is 13. 

Address Mode 
dst src 

Ir 

R R 

R IR 

R IM 

IR IM 

Lower 
Opcode Nlbble 

[2] 

[3] 

[4] 

[5] 

[6] 

[7] 
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OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADD ADD 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

RLC RLC ADC ADC ADC 

R1 IR1 r1, r2 r1, lr2 R2,R1 
6.5 6.5 6.5 6.5 10.5 

2 INC INC SUB SUB SUB 

R1 IR1 r1, r2 r1, lr2 R2, R1 
8.0 6.1 6.5 6.5 10.5 

3 JP SRP SBC SBC SBC 
IRR1 IM r1, r2 r1, lr2 R2, R1 
8.5 8.5 6.5 6.5 10.5 

4 DA DA OR OR OR 

R1 IR1 r1, r2 r1, lr2 R2, R1 
10.5 10.5 6.5 6.5 10.5 

5 POP POP AND AND AND 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

6 COM COM TCM TCM TCM 

i R1 IR1 r1, r2 r1, lr2 R2, R1 
;:. 10/12.1 12/14.1 6.5 6.5 10.5 

.!! 7 PUSH PUSH TM TM TM 

R2 IR2 r1, r2 r1, lr2 R2, R1 .IJ 
.IJ z 10.5 10.5 12.0 18.0 

DECW DECW LOE LDEI 
RR1 IR1 r1 lrr2 lr1 lrr2 
6.5 6.5 12.0 18.0 

l 8 
ti, 
::i 

9 RL RL LOE LDEI 
R1 IR1 r2 lrr1 lr2 lrr1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 

RR1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

B CLR CLR XOR XOR XOR 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 12.0 18.0 

c RRC RRC LDC LOCI 

R1 IR1 r1, lrr2 lr1, lrr2 
6.5 6.5 12.0 18.0 20.0 

D SRA SRA LDC LOCI CALL* 

R1 IR1 r1, lrr2 lr1, lrr2 IRR1 
6.5 6.5 6.5 10.5 

E RR RR LD LD 

R1 IR1 r1, IR2 R2,R1 
8.5 8.5 6.5 

F SWAP SWAP LD 
R1 IR1 lr1, r2 

y 
2 

Lower 
Opcode 
Nibble 

Execution 

1 Cycles 

First 
Operand 

10-54 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1,IM IR1, IM r1. R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2,R1 R1,IM IR1,IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1,IM IR1,IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1,IM IR1,IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LD 
DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

IR2, R1 A1,IM IR1,IM 
10.5 
LD • • R2, IR1 

y 
3 

Bytee per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86E40 CMOS Z&" OTP, 8-Brr CCP'" 
CoNSUUER CoNTROLL£R PROCESSOR 

A B c D E F 

12/10.5 12/10.0 6.5 12.10.0 6.5 
DJNZ JR LD JP INC 
r1, RA cc.RA r1,IM cc, DA r1 

~ 

~ 

~ 

1-----i 

ts.o-1 
WOT 

t-s.o 
STOP 

~ 
HALT 

~ 
DI 

~ 
El 

~ 
RET 

r-;s.o 
IRET 

~ 
RCF 

rs:s-
SCF 

~ 
CCF 

r-s.o 
~ ' 1 • NOP 

y -v y .... 
2 3 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Ost Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: Blanks are reserved. 

*2-byte instruction appears as 
a 3-byte instruction 



PACKAGE INFORMATION 

~ 
7 

17 

[1 

CON1R01.1.1NG OlllENSIONS : INCH 0 :]! 

40-Pln DIP Package Diagram 

Igp VIE'tl 
A 

D 

D1 

' 1 ·~· 40 

T 39 

I 
t-·-·-·+·-·-·-1 t1 t 

I ill I 
i 

II --· 
SYMBIL 

SYMBOi. 

Al 
f(J. 

B 
Bl 
c 
D 

E 

El 

II 
oA 

L 

01 
s 

Al 

~ 
.0261.1120 

MlLLIMETOI 
MIN MAX 

NIJTtS• A 4.27 4.57 
1. ctllTRll.L.ING DIMtNSil>IS I INCH 
I!. LEADS Mt ctlPL.ANAR VJTHJN .004 IN. 
3. DJMENSJJll I ...!IL 

INCH 

A1 
D/t 
Dl/£1 
D2 

• 

2.67 2.92 
17.40 17.65 
16.51 16.66 
1:1.24 16.00 

1.27 TYP 

44-Pln PLCC Package Diagram 

Z86E40 CMOS '1JI OTP, a.err CCP" 
CONsullER CoNmoUER PROCESSOR 

llWUEIER INCH 

11111 MAX MIN MAX 
0.51 D.81 .020 .032 
J.18 :U4 .125 .155 
0.38 0.53 .015 .021 

1.G2 1.52 .D40 .060 
0.23 0.38 .009 .015 

52.07 5Ull 2.050 2.070 
15.24 15.75 .600 .820 
13.59 14.22 .535 .560 

2.54 TIP .100 1YP 

15.49 16.51 .610 .150 

3.11 J.81 .125 .150 

1.52 1.91 .060 .075 
1.52 2.29 .060 .090 

D2 

INCH 
MJN MAX 

.168 .180 

.1115 .us 

.685 .695 

.650 .656 

.600 .630 
.11511 TYP 
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Z86E40 CMOS zae OTP, 8-Brr CCP'" 
CONsullER CON'IROu.ER PROCESSOR 

PACKAGE INFORMATION (Continued) 

----HD-----. 
---u--- L 

E HE 

cr-12• 
b • 

Sl'lllll. MIU.DETER lNCll 
MIN MAX MIN MAX 

111 D.05 (1.25 .aoe .1110 
112 2.IJl1 2.25 .078 .G89 

II o..t!ll• 11.45 .010 .GJ8 
c 0.13 llJ!O .GOS .ooe 
HD 13.70 14.30 .539 .563 
D 9.111 ID.ID ,390 .398 
HE 13.70 14.30 .539 .563 
E '·'° IOJO .390 .398 

_IL D.80 TYP .G31 TYP 

L • 11.611 L20 .024 _l .047 

44·Pln QFP Package Diagram 

r 2.020 MAX ~ 
.. .560 Max .. ....., ~so.02; 1--.aaotmL-I 

i I I I· 

l.:s: 
_jL JL -L 

.100: .• 010 TYP ·.ll.!1 fil 
.OZI .on 

40-Pln Cerdlp Window Lid Package Diagram 
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lt'2H.JJ6 
ORDERING INFORMATION 

Z86E40 (12 MHz) 

40-Pln DIP 
Z86E4012PSC 

40-Pln PLCC 
Z86E4012VSC 

44-PinQFP 
Z86E4012FSC 

40-Pln Cerdip Window Lid 
Z86E4012KSE 

Z86E40CMOS1' OTP, B·BIT CCP" 
C0HsUMER CoNlROLLER PROCESSOR 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

CODES 

Preferred Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 
K = Cerdip Window Lid 

Temperature 
S = 0°c to +70°C 

Speed 
12 = 12 MHz 

Environmental 
C= Plastic Standard 
E = Hermetic Standard 

Example: 
Z 86E40 12 P S C 

U§ 
is a Z86E40, 16 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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~2iUD:
T1MEKEEP1No WITH THE ZS® 

K eep track of the current time with the Z~, using minimal hardware. This Application Note describes 
several software-based methods of timekeeping, with complete code listings. 

INTRODUCTION 

Many controller applications require ongoing tracking of 
the current time - at a specific time, for instance, the 
controller may have to take a specific action, like turning 
on a solenoid. This is accomplished by using a Real Time 
Clock, or RTC, the sole purpose of which is to keep track 
of time. A microprocessor-based system may use a RTC 
integrated circuit for timekeeping, or accomplish the same 
results through software, using the microprocessor's in
ternal clock as a timebase. There are trade-offs associ
ated with each approach, but the software method is by far 

the most economical, provided the micro can handle the 
added software overhead. 

This Application Note covers two methods of timekeeping 
in software, with display of the current time on seven
segment LEDS. Time set switches are provided to ad
vance the time. One method uses the microprocessor 
crystal as a timebase, while the other uses the highly
accurate 60 Hz line frequency as the timebase. 

TIMEKEEPING BASED ON THE 8 MHZ CRYSTAL 

27pF 

vcc 

1 vcc 

vcc 

VCC 

3 

8.00MHz 

D 

2 

XTAL 1 XTAL2 

Z86C21 

27pF 

P03 

P02 

P01 

POO 

16 

15 

14 

13 

VCC 

LED 
LED 

~ 
c 
0 
L 
0 
N 

330 

1.~ P27 ..LL P261-,,~A~_, 1RS vcc 39 P31 P25 " B 1 
P24 35 c 1 

D 
1K P23•-,.~E~_, 

..L P22•-.,-~-1 

MIN 5 P30 P211,,,,,---~_, 

~~~~~G_N~D,_-~~~P_2~01~,.--'=--~ 
11 

vcc 

330 330 
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TIMEKEEPING WITH THE zs• 
APPLICATION NOTE 

TIMEKEEPING BASED ON THE 60 HZ LINE FREQUENCY 

11-2 

VCC 
6.3VCT 

IN4001 

IN4001 

'-----M------1 P32 
IN414B 9 

TIME 
SET 

I' 

vcc 

4.00 MHz 

D 

7 6 

XTAL 1 XTAL2 

Z86C08 

GND 
14 

27pF 

= VCC _,.,IN4148 
~ ~ 10KTVP. .01 

CLOCK 
6 9 7 ~ 

.----'~---=-----''-'---, 

P02 13 DATA //.////// POl 1-12--/-EN-A-BL-E---14 

POO 1--------1 11 3,__ _______ ---' 

Ill V SYSTEMS TSM5034T 
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TIMEKEEPING BASED ON THE 8 MHZ CRYSTAL 

TIMEKEEPING Willi THE zae 
APPUCAllON NolE 

;-----------------------------------------------------------------------------This program configures the Zilog ZS to keep time using the 12.00 MHz 
crystal frequency as a timebase. The time is displayed on four (4) seven
segment, common-anode LEDs. The cathodes of the displays are driven by P2. 
The anodes of the displays are connected to PO, and a pull-up resistor. The 
colon, made up of two discrete LEDs, flashes at a 1 Hz rate, and is driven by 
P2-7. The set switches are connected to P3. This program may be adapted to 
any 2S-pin or 40-pin ZS. Written by Don Owen Newquist, Zilog, on 5-1-91. 

;-----------------------------------------------------------------------------WORK REG .equ lOh 
address_hi .equ rO 
address - lo .equ rl 
address .equ rro 
pointer .equ r2 
data .equ r3 
col count .equ r4 
ring_ counter .equ r5 
HALF_SECOND .equ 16h 

TIME REG .equ OOh 
millisec .equ rs 
seconds .equ r6 
minutes .equ r7 
hours .equ rs 
seconds lo .equ r9 
seconds-hi .equ rlO 
minutes-lo .equ rll 
minutes-hi .equ rl.2 
hours lo .equ r13 
hours-hi .equ r14 
SW count .equ rlS 
STATUS .equ %04 
MILLIS EC .equ %05 
SECONDS .equ %06 
MINUTES .equ %07 
HOURS .equ %OS 
SECONDS LO .equ %09 
SECONDS-HI .equ %Oa 
MINUTES::::LO .equ %Ob 
MINUTES_HI .equ %Oc 
HOURS LO .equ %Od 
HOURS=HI .equ %Oe 

.org 00 

.word 00 

.word 00 

.word 00 

.word 00 

.word time 

.word load time 

.org OOOch 
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l'llEKEEPING WITH THE 7J' 
APPLICATION NOTE 

:***************************************************************************** 
, Initialization 
:***************************************************************************** 
init: 

clear_reg: 

main_loop: 

srp 
di 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
clr 
clr 
clr 
clr 
clr 
ld 
ld 
ld 
clr 
ld 
ld 
ld 
clr 
inc 
djnz 
ld 
ld 
ld 
ei 

#WORK_REG 

t0,#250 
preO,#OlOlOOOlb 
prel,#%13 
tl,#00 
p2m,#O 
p3m,#O 
pOlm,#04 
po 
p3 
sw count 
STATUS 
HALF SECOND 
ipr,#00001ooob 
imr,#%30 
spl,#%80 
sph 
tmr,#%Of 
pointer,#04 
rlS,#12 
@pointer 
pointer 
rlS,clear_reg 
HOURS,#%12 
pointer,#HOURS_HI 
ring_counter,#%88 

jr main_ loop 

disable int 
250 decimal 
set to for s ms period 

set for .250 ms refresh 
outputs on p2 
open drain on p2 
outputs on po, int stack 
po low 
p3 low 
sw count = o 
clear status reg 

make irq5 > irq3 
enable irq4,irq5 
set stack pointer 

load and enable counters 
point to time regs 
six locations 
clear ram 

continue until all zero 
start time at 12:00 
start at hours reg 
enable first digit 
enable interrupts 

:****************************************************************************: 
This routine converts the seconds, minutes, and hours bed 

; data into units and tens-of-units for displaying : 
;****************************************************************************; 
time convert: ld SECONDS LO,SECONDS transfer contents 

- ld SECONDS-HI,SECONDS 
and SECONDS=L0,#%0f 
swap SECONDS HI 
and SECONDS-HI,#%0f 
ld MINUTES-LO,MINUTES 
ld MINUTES-HI,MINUTES 
and MINUTES-L0,#%0f 
swap MINUTES-HI 
and MINUTES-HI,#%0f 
ld HOURS LO,HOURS 
ld HOURS-HI,HOURS 
and HOURS-L0,#%0f 
swap HOURS-HI 
and HOURS=HI,#%0f 
ret 
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keep only lower bits 
swap nibbles 
keep only lower bits 
transfer contents 

keep only lower bits 
swap nibbles 
keep only lower bits 
transfer contents 

keep only lower bits 

keep only lower bits 
return 



TllEmPING WITH 1llE zae 
APPLICATION NoTE 

:***************************************************************************** 
; This interrupt routine updates the time 
:***************************************************************************** 
time: 

test_sw2: 

inc_half sec: 

one_second: 

inc_seconds: 

set_hrs: 

exit_ time: 

push 
srp 
call 
inc 
cp 
jr 
tm 
jr 
add 
da 
cp 
jr 
clr 
jr 
tm 
jr 
add 
da 
cp 
jr 
ld 
inc 
clr 
xor 
cp 
jp 
clr 
add 
da 
cp 
jr 
clr 
add 
da 
cp 
jr 
clr 
add 
da 
cp 
jr 
ld 
call 
pop 
iret 

rp 
#TIME REG 
test sw 
mill I sec 
millisec,#100 
ult,exit time 
STATUS,#OOOOOOOlb 
z,test sw2 
MINUTES,#1 
MINUTES 
MINUTES,#%60 
ult,inc_half_sec 
MINUTES 
inc half sec 
STATuS,#OOOOOOlOb 
z,inc half sec 
HOURS-;#1 -
HOURS 
HOURS,#U3 
ult,inc half sec 
HOURS,#l -
HALF SECOND 
millisec 
p2,#%80 
HALF SECOND,#2 
ult,exit time 
HALF SECOND 
seconds,#1 
seconds 
seconds,#%60 
ult,exit_time 
seconds 
minutes,#1 
minutes 
minutes,#%60 
ult,exit time 
minutes -
hours,#1 
hours 
hours,#%13 
ult,exit time 
hours,#1-
time_convert 
rp 

save current reg pointer 
point to time reg group 
look at time-set switches 
increment millisec reg 
half second? 
don't toggle colon 
sw l pressed? 
no 

convert to bed 
sixty minutes? 

sw 2 pressed? 
no 

1:00? 

toggle colon bit now 
one second? 
exit if not 
set to zero 
increment sec 
convert to bed 
sixty seconds? 
no 
set to zero 
inc minutes 
convert to bed 
sixty minutes? 
not yet 
set to zero 
inc hours 
convert to bed 
1:00? 
exit 
set to l:oo 
convert to individual bed 
return to orig reg pointer 
return from int 
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lEKEEPING WITH THE 'IJ' 
APPLICATION NOTE 

:***************************************************************************** 
: This subroutine checks to see if the time-set switches are pressed. 
:***************************************************************************** 
test_sw: 

test_hrs: 

exit_sw: 

clear_sw: 

push 
srp 
ld 
com 
and 
cp 
jr 
tm 
jr 
inc 
cp 
jr 
or 
jr 
tm 
jr 
inc 
cp 
jr 
or 
pop 
ret 
clr 
clr 
pop 
ret 

rp 
#WORK REG 
data,p3 
data 
data,U03 
data,#0 
eq,clear_sw 
data,#1 
z,test_hrs 
sw count 
sw-count,#2 
ult,exit_sw 
STATUS,#OOOOOOOlb 
exit sw 
data-:-12 
z,clear sw 
sw count 
sw-count,#2 
ult,exit sw 
STATUS,#OOOOOOlOb 
rp 

STATUS 
sw_count 
rp 

get switch data 
invert data 
only first two bits 

min pressed? 
no 
inc counter 
debouncd? 
not yet 
set bit 
exit 
hrs pressed? 
no 
inc debounce counter 
debounced? 
not yet 
set bit 

return to caller 
reset sw status bits 
reset debounce counter 

return 
:***************************************************************************** 
, This subroutine loads the time data into the RAM buffer 
:***************************************************************************** 
load_ time: push 

srp 
load_ table: ld 

ld 
ld 
cp 
jr 

index_num: incw 
djnz 

no_index: lde 
and 
or 
ld 
dee 
cp 
jr 
ld 
cp 
jr 
dee 
rr 

load_time_ret: rr 
pop 
iret 
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rp : save current reg pointer 
#WORK_REG : point to working reg 
rl2,@pointer : load contents 
address hi,#Ahb led table: load hi address of table 
address-lo,#Alb led-table: load lo address of table 
rl2,#0 - - is it zero? 
eq,no_index if yes, don't step thru table 
address step thru table 
rl2,index num index if not zero 
data,@address load segments 
p2,#%80 
p2,data 
p3,ring_counter 
pointer 
pointer,#SECONDS_HI 
ugt,load_time_ret 
pointer,#HOURS_HI 

· @pointer, #0 
ne,load time ret 
pointer- -
ring_ counter 
ring_ counter 
rp 

load port 2 with segments 
turn on digit 
inc reg location 
at ending reg? 
exit 
start at beginning 

don't display leading zero 

rotate counter 
return to time regs 
return from interrupt 



led_table: 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 

.end 

OOllllllB 
000001108 
01011011B 
010011118 
01100110B 
01101101B 
011111018 
000001118 
OlllllllB 
011001118 

: ZERO 
: ONE 

TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 
EIGHT 
NINE 

TIMEKEEPING Wl1H THE 'lJ" 
APPLICATION NOTE 
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TIMEKEEPING BASED ON THE 60 HZ LINE FREQUENCY 

TIMEKEEPING Wllll l!IE ZS' 
APPLICATION NOTE 

;-----------------------------------------------------------------------------This clock routine uses the Zilog Z86E08 to keep time. The 60 Hz line 
frequency causes an interrupt to the CPU every half cycle using one of the 
on-board comparators. The time registers are then incremented, and the dis
play refreshed at 1/ 60 second intervals. The time is displayed on a Three
Five systems TSM6X34 Four Digit Display. The display has serial data and 
clock inputs, along with on-board display drivers. Port PO provides the 
clock, data, and reset lines for the display. Port P2 is available for 
user options. The time set switch is connected to the second comparator 
input, and when pressed, advances the time at a 60 Hz rate. 

This program was written by Don Owen Newquist on May 16, 1992. 
;-----------------------------------------------------------------------------
TIME REG .equ lOh 
counter .equ ro 
bit count .equ rl 
address_hi .equ r4 
address lo .equ r5 
address .equ rr4 
pointer .equ r6 
data .equ r7 
milliseconds .equ rs 
seconds .equ r9 
minutes .equ rlO 
hours .equ rll 
minutes lo .equ rl2 
minutes-hi .equ rl3 
hours lo .equ rl4 
hours:=hi .equ rl5 

BUFFER .equ 04h 
START .EQU 02 
ENABLE_HI .EQU 01 
ONE .EQU 02 
ZERO .EQU %FD 
CLOCK HI .EQU 04 
CLOCK=LO .EQU %FB 

.org 00 

.word 00 

.word 00 

.word 00 

.word time 

.word 00 

.word 00 

.org OOOch 
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TIMEKEEPING Wl1H THE Z8' 
APPLICATION NOTE 

;****************************************************************************** 
; Initialization * 
;****************************************************************************** 
init: 

clear_reg: 

srp 
di 
ld 
ld 
ld 
clr 
clr 
clr 
ld 
ld 
clr 
ld 
ld 
clr 
inc 
djnz 
ld 
ld 
call 
call 

#TIME_REG 

p2m,#O 
p3m,#O 
pOlm,#04 
po 
p3 
irq 
imr,#%08 
spl,#%80 
sph 
pointer,#18h 
counter,#6 
@pointer 
pointer 
counter,clear_reg 
hours,#%12 
pointer,#minutes lo 
time convert -
load=time 

disable int 
outputs on p2 
open drain on p2 
outputs on po, int stack 
po low 
p3 low 

enable irq3 
set stack pointer 

point to time regs 
six locations 
clear ram 

continue until all zero 
start time at 12:00 
start at minutes reg 

main_loop: ei enable interrupts 
jr main_loop 

;****************************************************************************** 
; This interrupt routine updates the time * 
;****************************************************************************** 
time: tm p3,#2 sw pressed? 

inc_minutes: 

set_hrs: 

exit_time: 

jr nz,inc minutes no 
inc milliseconds 
cp milliseconds,#60 one second yet? 
jr ult,exit time 
clr milliseconds 
inc 
cp 
jr 
clr 
add 
da 
cp 
jr 
clr 
add 
da 
cp 
jr 
ld 
call 
call 
iret 

seconds 
seconds,#60 
ult,exit time 
seconds -
minutes,#1 
minutes 
minutes,#%60 
ult,exit time 
minutes -
hours,#1 
hours 
hours,#%13 
ult,exit time 
hours,#1-
time convert 
load= time 

inc minutes 
convert to bed 
sixty minutes? 
not yet 
set to zero 
inc hours 
convert to bed 
l:OO? 
exit 
set to l:OO 
convert to individual bed 

return from int 
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TulEICEEPING WITH TltE Z8' 
APPLICATION NoTE 

;****************************************************************************; 
This routine converts the seconds, minutes, and hours bed 

; data into units and tens-of-units for displaying ; 
;****************************************************************************; 
time convert: ld minutes lo,minutes transfer contents 

- ld minutes-hi,minutes 
and minutes-lo,#%0f 
swap minutes-hi 
and minutes-hi,#%0f 
ld hours lo,hours 
ld hours-hi,hours 
and hours-lo,#%0f 
swap hours-hi 
and hours=hi,#%0f 
ret 

keep only lower bits 
swap nibbles 
keep only lower bits 
transfer contents 

keep only lower bits 

keep only lower bits 
return 

;*****************************************************************************; 
; This subroutine loads the time data into the RAM buffer,then, to the display : 
;*****************************************************************************; 

load_ time: 

load_ table: 

no_index: 

send_start: 

next_digit: 

rotate: 

zero: 
clock_it: 
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ld 
ld 
ld 
ld 
ld 
ld 
add 
ldc 
ld 
inc 
inc 
djnz 
ld 
ld 
ld 
call 
djnz 
ld 
ld 
ld 
ref 
rrc 
jr 
or 
jr 
and 
call 
djnz 
inc 
djnz 
call 
ld 
ret 

pointer,#minutes lo 
BUFFER,#04 -
counter,#4 

load contents 
load buffer add 

address hi,#Ahb led table; load hi address of table 
address-lo,#Alb led:table; load lo address of table 
data,@pointer 
address lo,data 
data,@address 
@BUFFER,data 
pointer 
BUFFER 
counter,load table 
BUFFER,#4 -
counter,#3 
pO,#START 
clock out 
counter,send start 
counter,#4 -
bit count,#8 
data, @BUFFER 

data 
nc,zero 
pO ,#ONE 
clock it 
pO,#ZERO 
clock out 
bit count,rotate 
BUFFER 
counter,next_digit 
clock out 
pO,#ENABLE_HI 

load segments 

clock & enable low, data hi 
clock the data 

one more to load data 
take enable line high 



TEcmrll W11111HE. 
APPLICATION No1E 

;-----------------------------------------------------------------------------Clock Out LED Data 

;-----------------------------------------------------------------------------clock_out: or pO,#CLOCK_HI set hi 

led_ table: 

nop delay 
nop delay 
nop delay 
and pO,#CLOCK_LO take clock lo 
nop 
nop 
nop 
ret return from interrupt 

.org tOOfO 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.end 

001111118 
000001108 
010110118 
010011118 
011001108 
011011018 
0111110!8 
000001118 
011111118 
011001118 

ZERO 
ONE 
TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 
EIGHT 
NINE 
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SINE TABLE 

05 ' Listing 1 

TlllEKEEPING WITH lltE zat 
APPLICATION N01E 

10 '---------------------------------------------------------------20 I *** SIN-TAB.BAS *** 
30 I 

40 ' Purpose= to generate a complete sine table 
50 ' of hex numbers in format ••• [TAB].byte[TAB]Olh,02h, ••• ,och 

60 '---------------------------------------------------------------70 I 

80 ON ERROR GOTO 590 
90 DIM B$(256) 
100 DIM C$(22) 
110 DEFINT A,B 
120 PI = 3.141593 
130 C=360/256 
140 GOTO 390 
150 FOR I=O TO 255 
160 H=B+A*SIN((C*I*PI)/180) 
170 A$=HEX$(H) 'HEX$ function rounds off H autom'ly 
180 IF LEN(A$)>2 THEN PRINT "--Bad data: some bytes bigger than FFh":GOTO 430 
190 IF LEN(A$)=1 THEN A$="O"+A$ 'ADD LEADING ZERO, IF NECESS. 
200 B$(I+l)=A$+"h" 
210 NEXT I 
220 I=l __ 
230 FOR J=l TO 22 
240 C$(J)=CHR$(9)+ 11 .byte"+CHR$(9) 'START W/[TAB].byte[TAB] 
250 FOR K=l TO 12 
260 C$(J)=C$(J)+B$(I)+"," 
270 I=I+l:IF I>256 GOTO 290 
280 NEXT K 
290 L=LEN(C$(J))-l 
300 C$(J)=LEFT$(C$(J),L) 'KILL LAST COMMA 
310 NEXT J 
320 OPEN "TABLE.ASC" FOR OUTPUT AS #1 
330 FOR J=l TO 22:PRINT #l,C$(J):NEXT J 
340 CLOSE #1 
350 BEEP:PRINT:PRINT "SINE DATA STORED IN CURRENT DRIVE & DIRECTORY" 
360 PRINT "IN ASCII FILE CALLED TABLE.Ase ":PRINT 
370 PRINT " ( Press any key ) " 
380 T$=INKEY$:IF T$="" THEN 380 ELSE SYSTEM 
390 CLS:LOCATE 10,35:PRINT 11 * SIN-TAB *":PRINT 
400 PRINT TAB(lO):"Generates a 256-byte sine table in the current" 
410 PRINT TAB(lO):"directory by creating an ASCII file called: TABLE.ASC" 
420 PRINT TAB(lO):"(If the file already exists, it will be overwritten !!!)" 
430 PRINT TAB(lO):"Sine wave is of the form: A sin(xt) where A= amplitude." 
440 PRINT TAB(lO):"What is amplitude? (range= l - 127) A=": 
450 LINE INPUT T$ 
460 A=VAL(T$):IF A<l OR A>l27 THEN GOTO 430 
470 PRINT TAB(lO):"An offset is needed to keep all values positive." 
480 PRINT TAB(l5):"Suggest:":A+l 
490 PRINT TAB(20):"Is this okay? (Y/N)" 
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nllEKEEPING WITH 1llE zae 
APPLICATION Nore 

500 T$=INKEY$:IF T$="" GOTO 500 
510 IF T$=CHR$(27) THEN SYSTEM 
520 IF T$=11Y11 OR T$="y" THEN B=A+l:PRINT "WAIT ••• ":GOTO 150 
530 IF T$=11 N11 OR T$="n" THEN 540 ELSE 500 
540 PRINT TAB(lO):"Enter new value (0-255): ": 
550 LINE INPUT T$ 
560 B=VAL(T$):IF B<O OR B>255 THEN PRINT "--Illegal value--":GOTO 470 
570 PRINT "WAIT ••• ":GOTO 150 
580 I *** ERROR TRAP *** 
590 IF ERL<>320 GOTO 630 
600 BEEP:PRINT:PRINT "Unable to create (or write to) file: TABLE.ASC 11 

610 PRINT " ( Press any key )" 
620 RESUME 380 
630 IF ERL=460 THEN PRINT "--Illegal value--":PRINT:RESUME 440 
640 IF ERL=560 THEN PRINT "--Illegal value--":PRINT:RESUME 470 
650 BEEP:PRINT:PRINT "*** ERROR ":ERR:" OCCURRED AT LINE":ERL:PRINT 
660 PRINT " ( Press any key )" 
670 RESUME 380 
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USING THE ZILOG Z86C06 SPI BUS 

T he SP/ stuffs a Jot of power into a small package. Utilized in either Master or Slave mode with the 
ability to talk to many different processors and work with a wide range of peripherals, it fits readily 
into the low cost/high performance bracket. 

INTRODUCTION 

The Zilog Z86C06 SPI (Serial Peripheral Interface) is a 
compact, powerful and cost effective microcontroller. Its 
small form factor (18 pins) does not limit the full power of 
the Z8 core. The Z86C06 provides 1K (on-board) of 
program memory, 124 general purpose registers and an 
SPI bus that can be used in master or slave mode. This 
combines to overcome any pin 1/0 limitations and unleash 
the full za capabilities. 

Zilog's Superintegration"' also reduces system cost 
because two analog comparators are provided. No external 

SPI BUS OPERATION 

The SPI bus is useful because many peripherals exist to 
directly support it. Among these are E2 Serial PROMS, Real 
Time Clock chips, ND converters, Frequency Generators, 
and display drivers for LED, LCD and VF displays. The 
other facet of the SPI bus that makes it useful is its ability 
to communicate with other processors. This is a requirement 
for distributed processing systems. SPI communications 
between processors is done in a Master/Slave type of 
arrangement. 

interrupt reset circuitry is required because an interrupt 
Power-On-Reset along with Low Voltage (brownout) 
protection has been incorporated internally. A crystal may 
be optionally bypassed because the part is capable of 
using an RC or LC clocking source. It is also ideal for 
battery applications because the part can be placed in 
SLEEP mode and draw less than 10 microamps (2 
microamps typical) of supply current. The user has a 
number of options available both internal and external, to 
recover from SLEEP mode by using the Stop Mode Recovery 
Register. 

In order to understand how the SPI bus is utilized to 
communicate with some of the peripherals mentioned, the 
architecture of the SPI bus itself must first be understood. 
In the simplest application, the SPI bus consists of three 
lines: a serial clock line, a serial in line, and a serial out line. 
Most peripherals also require a /CS line so that multiple 
peripherals can be utilized on the bus. A simplified diagram 
is shown in Figure 1. 
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SPI BUS OPERATION (Continued) 

Master 

DI DI 
Shift Reg 

00 00 
Shift Reg 

SCLK 

/CS 

Figure 1. Slmplifled SPI Bus Configuration 
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USING THE Z86C06 SPI Bus 
APPLICATION NOTE 

Peripheral 

Shift Reg 

Shift Reg 



The serial clock (SCLK) line synchronizes the transfer of 
data between the master and the peripheral or slave 
device. SCLK is generated and controlled by the master 
device. Typically, the serial data output is transmitted on 
the falling edge of SCLK and the receive data is captured 
on the rising edge of SCLK. The ZS has the capability of 
altering this relationship by manipulating bit D5 of the 
SCON register. When the data is transmitted, the most 
significant bit is transmitted first. 

SCON(C)02 

USING lHE Z86C06 SPI Bus 
APPLICATION NoTE 

Control of the SPI bus in the ZS is done in the SCON 
register (location (C) 02 in the expanded register file). 
There are also two other SPI bus registers in the ZS which 
are necessary; the TX/RCV buffer and the SPI compare 
register. A diagram of the bit manipulation of the SPI 
Control Register is given in Figure 2. The Master/Slave 
mode is controlled by bit D? in the SCON register. In the 
master mode, the definition of the bits is defined as 
follows: 

lml~l~l~loolool~lool 

L 

(S) Used with Bit D7 equal to 0 
(M) Used with Bit D7 equal to 1 

* Default Setting After Reset. 

SPI Enable 
O Disable* 
1 Enable 

RxCharOverrun (S) 
O Reset 
1 Overrun 

CLK Divide (M) 
00 TCLK/2 
01 TCLK/4 
10 TCLK/8 
11 TCLK/16 

DO SPI Port Enable (S) 
0 SPI DO Port Enabled 
1 DO Port to 110 

Compare Enable 
O Enable 
1 Disable• 

RxCharAvail 
O Reset 
1 Char. Avail. 

Clock Phase 
O Trans/Fall 
1 Trans/Rise 

CLKSource 
0 TCLK 
1 Timer O Output 

Master Slave 
0 Slave 
1 Master 

Figure 2. SPI Control Register (SCON) 
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Master Mode 

D7 • Master/Slave Select: Programmed as a 1 to select 
master mode. 

D6 • CLK Source Select: This is used to select the SCLK 
source for SPI bus. A 1 selects the TO output as the control 
clocking source; a 0 selects the internal clock (XT AL/2). If 
the internal clock is selected, the actual clocking source is 
modified according to bits D2 and D1. 

D5 ·Clock Phase: This bit controls the phase relationship 
of the latching of the receive data and the transmitted data. 
A 1 transmits data on the rising edge of SCLK and latches 
the receive data on the falling edge. A 0 performs the 
opposite. 

D4 • Rx Character Available: This bit can be used to 
determine if the receive data buffer is full. If activated, this 
also activates IRQ3. 

D3 • Compare Enable: This bit has no effect in Master 
Mode. 

D2,D1 • Clock Divide: If the SCLK source in bit D6 was 
programmed as a 0, then these bits control how the internal 
clock is manipulated to generate the SCLK. In the non-low 
noise mode, the SCLK can be programmed to be 1 /4, 1 /8, 
1/16, or 1/32 of the external XTAL1 frequency. Note that 
PCLK is 1 /2 of the XT AL 1 frequency when the part is not 
operating in low noise mode. TCLK is equal to the XTAL 1 
frequency if low noise mode is selected (bit D7 of the 
PCON register). 

DO· SPI Enable: This bit controls the activation of the SPI 
bus. When the SPI bus is enabled, the SPI signals get 
mapped according to Table 1. 

Name 

DI 
DO 
SS 
SLCKS 
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Table 1. SPI Pin Configuration 

Function 

Data In 
Data Out 
Slave Select 
Pl Clock 

Port Location 

P20 
P27 
P35 
P34 

Slave Mode 

USING THE Z86C06 SPI Bus 
APPLICATION NOTE 

In slave mode these same bits change their function and 
are defined as follows: 

07 • Master/Slave Select: Programmed as a O to select 
slave mode. No slave mode transactions are initiated 
unless the Slave Select input is active low. 

06 • CLK Source Select: This has no effect in slave mode 
since the SCLK is controlled by the SPI Master. 

05 ·Clock Phase: This bit controls the phase relationship 
of the latching of the receive data and the transmitted data 
described above. 

04 • Rx Character Available: Same as above. 

D3 • Compare Enable: This bit can be used to enable a 
stop mode recovery source. When the processor is in 
SLEEP mode, and a character has been transferred into 
the receive buffer, and if it matches the SPI compare 
register, then the controller recovers from stop mode. 

D2 • DO SPI Port Enable: When the slave mode is active, 
this bit controls the activation of the Data-out signal. If a 1 
is written in this location, then P27 is controlled by the P2M 
register and P2. A 0 enables data to be shifted out with the 
SCLK. 

01 • Rx Character Overrun: When a 1 is read in this 
location, then the receive buffer has been overrun. This 
condition must be reset by writing a 1 to this bit. 

DO • SPI Enable: Same as Master Mode. 



Compare Mode 

Another special mode, commonly used in high end 
communication devices, is the SPI 's internal 
Compare/Wakeup mode (Figure3). Thismode,commonly 
known in communications terminology as 'wake up,' is a 
compare register and logic which monitors the received 

R/W 

Addr 

08 

8 

8 

Control 
Logic 

USING THE Z86C06 SPI Bus 
APPLICATION NOlE 

data when in the low power SLEEP modes. If a 'match' 
occurs between the compare register and the received 
data, the Z86C06 'wakes up' and processes according to 
the programmed, 'waking up' state or condition. 

Tx Register 00 

Rx Buffer IRQ 

Compare Register SMR 

Figure 3. SPI Internal Compare/Wakeup Mode 
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CONNECTING THE ZS SPI BUS TO THE XICOR X25C02 SPI E2PROM 

One of the most popular peripherals for microcontrollers is 
the serial E2PROM. Economics is the obvious reason for 
this. It costs significantly less to add a serial E2PROM to a 
microcontroller than to purchase a microcontroller with 
embedded E2 capability. 

Connecting SPI peripherals to the Z8 is an easy task. An 
example of this is demonstrated by connecting the ZB6C06 
to the XICOR X25C02 (Figure 4). Note that the X25C02 is 
in the standby mode, the standby current is specified to be 
less than 150 microamps. The sleep mode current of the 
ZB is less than 10 microamps (2 microamps typical). Since 
the active current of the X25C02 is less than 2 milliamps, 

+5V 
Z86C06 

16 P21 vcc 
17 P22 

18 P23 
P34 11 

P24 

2 P25 P35 12 
To 

Application 3 P26 P27 4 

8 P31 

it may be advantageous to use a port pin to supply power 
to the serial E2 part in order to minimize application sleep 
mode current. 

An example of the source code required to interface the 
X25C02 to the Z86C06 is given in Appendix A (Listing 1 ). 
This example, given in the listing, exercises the X25C02 
by writing to it and reading from it. The listing also has three 
general-purpose routines for SPI utilization; 
SPl_MASTEFUNIT, SPl_ENABLE and SPI. They are used 
to initialize the bus as a master, enable the SPI bus, and 
write/read data from the SPI peripheral, respectively. 

+5V 
X25C02 

+5 vcc 

4.7k 

SCLK 6 SCLK 

/SEL /CS 

DATA - 5 SI 

P20 15 -DATA 2 so 
9 P32 

+5 

10 P33 

13 P36 
4.7k 

14 7 /HOLD GND 4 
GND 

3 NIP 

Figure 4. Z86C06 and XICOR X25C02 Application Interconnection 
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CONNECTING THE ZS SPI BUS TO AN AID CONVERTER 

Port 3 of the Z86C06 includes two analog comparators 
(when the port is programmed to operate in the analog 
mode in the P3M register). In addition to using the internal 
comparators as general purpose comparators, they can 
also be configured and used as a 3-bit AID (Figure 5). 

If more resolution than three bits is required, there are two 
alternatives. First, use an output port pin to charge a 
capacitor, start a timer, discharge the capacitor, then use 
the timer and an analog comparator to calculate the input 
voltage. This method is shown in Figure 5. The required 
amount of resolution is achieved by adjusting R1 and C1 
to provide a maximum time constant for the Z8 timers. The 
most common way to utilize this technique is to provide a 
precalculated lookup table based on the timer results. 

VREF 

P31 

Analog In 
P32 

P33 

R3 

R1=R2=R3 
P31 

0 
0 
1 
1 

While the method shown in Figure 6 is cost effective, it may 
not be accurate enough for some applications. When 
additional accuracy is required, it is possible to find AID 
converters with SPI interfaces. One such part is a Motorola 
MC145053 that provides 10 bits of conversion resolution. 
The hardware interface for the Z86C06 and the MC145053 
is shown in Figure 7. An example of the source code 
required to interface the MC145053 to the Z86C06 is given 
in Appendix B (Listing 2). The general purpose SPI rou
tines used in the E2 application are also used to interface 
to the MC145053. 

Z8 

P31 Latch 

P33 Latch 

P33 Meaning 

0 Analog In< 1/3 VREF 
1 1/3 VREF< Analog In< 2/3 VREF 
c No Meaning (Invalid) 
1 Analog In > 2/3 VREF 

Figure 5. Three-Bit Analog/Digital Converter 
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CONNECTING THE ZS SPI BUS TO AN AID CONVERTER (Continued) 

R1 

Z86C06 

16 P21 

17 P22 
vcc 

18 P23 
P34 

P24 P36 

2 P25 P27 

3 P26 P20 

9 P32 P31 

10 P33 

12 P35 
GND 

11-22 

11 

13 

C1 

vcc 28 

P20 

P32 VREF 

Notes: 
When P20 is switched from '1' to 'O' 
V ANALOG = (V cc -. 7)e - t/RC 
An interrupt can be used to trigger the V PEI' crossing point to 
capture a timer. V ,,,,._00 can be calculated from the timer value 

Figure 6. Low Cost Analog/Digital Converter 

vcc MC145053 vcc 
vcc 

VDD 

4.7k 

13 SCLK 

/SEL 10 /CS 
VREF 

9 
4 DATA-+ 12 DIN 1µF 

15 -DATA 8 11 DOUT 
EOC 

VAG 
8 1 EOC 

2 ANO -
3 AN1 

14 4 AN2 7 
5 vss AN3 
6 AN4 

Figure 7. Z86C06/MC145053 Hardware Interface 



CONCLUSION 

The SPI bus is a simple, three-wire serial interface that can 
be used to communicate with a number of different 
specialized peripherals. While not discussed in detail in 
this App Note, it also lends itself as an excellent 
communications protocol controller in a distributed 
processing architecture. The Z86C06 is a very powerful 
and highly integrated processor that supports the SPI bus. 

USING THE Z86C06 SPI Bus 
APPLICATION Nore 

Control of the SPI bus is simple as demonstrated with each 
of the examples. Because control of the SPI bus is easy 
with the ZS, there is little hardware and software overhead 
required to use it. This also makes it an excellent cost
effective choice as a processor in a distributed processing 
environment even where an analog interface is involved. 
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OBJ 

abs 00000000 
abs 00000001 
abs 00000002 
abs 00000004 
abs 00000005 
abs OOOOOOOe 
abs OOOOOOOf 
abs OOOOOOOb 

00000000000000010 
00000000000000011 
00000000000000012 
00000000000000013 
OOOOOOOOOOOOOOOlc 
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LINE# - SOORCE -
1 ;********************************************************,,..******************** 
2 ; * 
3 ; zn.o:; I SPI INim'ACE * 
4 ; Z86C06 AND X25C02 * 
5 ; * 
6 ; 
7 ; 
8 ; 
9 ; 

10 ; 
11 ; 
12 ; 
13 ; 
14 ; 
15 ; 
16 ; 
17 ; 
18 ; 
19 ; 
20 ; 
21 ; 
22 ; 
23 ; 
24 ; 
25 ; 
26 ; 
27 ; 
28 ; 
29 ; 

BY: LYN ZAS'l'Ral 
COP'illRl'l'E 1991 

AS~: '.?:Il.DG ASMS8 ASSD!BI.D 

Z86C06 I/0 lJI'ILIZATIOO 
FOR'!' DEFINITI<JlS: 
P20: SPI ~~ INPt1l' DATA 
P21: rm USED 
P22: IDl' USED 
P23: rm USED 
P24: rm USED 
P25: rm USED 
P26: X25C02 roJER CCNraOL 
P27: SPI PROCF.S~ Wl'P!JI' DATA 
P31: rm USED 
P32: rm USED 
P33: tm USED 
P34: Seu< CXlTPUT raCM PROCF.Sn 
P35: /CS arrror raCM PROCF.Sn 
P36: rm USED 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

30 ;******************************************************************************* 
31 ; 
32 ; 
33 ; 
34 ; 
35 ; 
36 ; 

------ m::I5"1llt POJNI'm mx:LARATI<JlS -------

------- RDOI5"1llt Dm.ARATIOO --------
37 '!'DATA 
38 RXBUF 
39 Stm 
40 MCllR 
41 TREAD 
42MMD 
43 lU 
44 SMR 
45 
46 XDATA 
47 RDATA 
48 cs 
49 ocs 
50 XADrf{ 

51 ; 
52 ; 

.EJ;.U RO ; SAME AS XDATA, Bl1l' 'liaUCOf; Rm!S'l'Ill. (%10) 
.EJ;.U R1 ;SPI RX & XMIT BUnD (%11) 
.EJ;.U R2 ;SPI cmIRCL Rm!S'l'Ill. (EX'l'EMJm Rm) (%12) 
.EJ;.U R4 ;MULTIPLE WRm OIARAC'I'm c:aJNl'!R (%14) 
.EJ;.U RS ;READ CHARAC'ID FCR 'mT (%15) 
.EJ;.U RR14 ;MtSSAGE ~S POJNI'm {\lE) 
.EJ;.U RlS ;MtSSAGE ~S POJNl'm (LSB) (%1F) 
.EJ;.U Rll ;Sl'CP !a>E m:t:JV!1tY Rm!S'l'Ill. (OF ~l 

.EJ;.U %10 ;SPI XMIT DATA 

.EJ;.U W ;SPI m::EIYED DATA 

.EJ;.U W ;Rm!S'l'Ill. CXJlTAlNOO /CS 

.EJ;.U %13 ; Rm!S'l'Ill. DE-ACTIVATI?«; CS 

.EJ;.U %1C ;IOCATICR FCR X25C02 BYTE ~S 



't'2iUJ6 

000000000000000 
00000000000000020 
000000000000000! 
00000000000000010 

000000000000000 
000000000000000 
0000000000000005 
0000000000000001 
0000000000000003 
0000000000000002 

0000000000000002 
0000000000000002 
000000000000000 

00000000 

00000000 \lwww 
00000002 \IWww 
00000004 \lwww 
00000006 \lwww 
00000008 \IWww 
OOOOOOOa \lwww 

OOOOOOOc Sd\lwww 

OOOOOOOf 
OOOOOOOf 5448495320415343 
00000017 4949204441544120 
OOOOOOlf 57494c4c20424520 
00000027 53544!5245442049 
0000002f 4e20544845205832 
00000037 35434f322ea0 

USING THE Z86C06 SPI Bus 
APPLICATION NOTE 

53 ; --------- PROGRAM c:cfiS'l'Am'S --------
54 xcs 
55 XCSNJI' 
56R~ 
57 RCAMASK 
58 
59 \IRlll 
60 'llRDI 
61 RDSR 
62 1IRSR 
63 RF.AD 
64 'llRI'I'E 
65 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

.ll}J 

llOlllllB ;P35 = /CS ~ 'lllE X25C02 
001000008 ;P35 = DEP.CTIVE X25C02 /CS 
lllOllllB ;RD:IEVED CHAR AVAIL RESET 
OOOlOOOOB ;RD:IEVED CHAR AVAlL 19.SK 

000001108 
000001008 
000001018 
000000018 
000000118 
OOOOOOlOB 

; SPI mSTRu:TICNS: 
; SEI' 'llRI'I'E :EmBLE LATCH 
;DISABLE \IRITE mABLE LATCH 
;RF.AD STATUS m;IS"rn\ 
;\IRITE STATUS R.EX;ISTER 
;RF.AD mt'.lRY I.J:x:ATICl! 
; \IRITE l'IDIF.Y l..OCA TICll 

66 l1E!1l1!SK .ll}J 
67 ?OP .ll}J 

000000108 
OOOOOOlOB 
OOOOllOOB 

;\IRITE mABLE LATCH MASK OF STA'!US REXi 
; 1IRSR 19.SK m 00 81.0CK PRom::'l' 

68 8PMASK .ll}J ;BI.OCK PRam::T MASK F<R RDSR 
69 ; 
70 ; 
71 ; 
72 ; 
73 ; 
74 
75 ; 
76 ; 
77 
78 
79 
80 
81 
82 
83 ; 

--------- INTrnRUPI' VEX::'l'C((S --------

LOAD lN!'ERR1.JP'J' VEX:."Iffi JUMP TABLE: 
.CRG OOOOH 

;IRQ) - PORT P32 - PR<X;RA.l1MABLE EDGE 
;IRQl - PORT P33 - ~;.TIVE EDGE ctlLY 
;IRQ2 - FORT P31 - PRcx;RAMMABLE EDGE 
;IRQ3 - SPI 
;IRQ4 - TO - IN!'ERJW.. 
; IRQ5 - Tl - mrn~NAL 

84 ;******************~*********************************************************• 
85 ; 
86 ; INITIALIZE 'lllE OPraATICN OF 'lllE ccmROLLD\ 
87 ; 
88 ;***************************************************************************** 
89 ; 
90 JP START 
91 
92 ~SAGE: 
93 .ASCIC "IBIS ASCII DA~. 1lILL BE S'roRED m 'lllE X25C02. 
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0000003d 494e205245414c20 94 
OO'J00045 4150504c49434154 
0000004d 494f 4e532c204954 
00000055 20434f 554c442042 
OOOOOOSd 4520555345442054 
00000065 4£2053544£524520 
0000006d 53455249414c204e 
00000075 554d424552532c20 
0000007d 50524f4752414d4d 95 
00000085 41424c4520505245 
OOOOOOSd 534554532c204f52 
00000095 20434f 4e46494755 
0000009d 524154494f 4e2049 
000000a5 4e464f 524d415449 
OOOOOOad 4f4e2ea0 

96 

APPENDIX A 
Listing 1 

(Continued} 

USING ntE Z8&C06 SPI Bus 
APPLICATION NOTE 

.ASCII 'IN RE1IL APPLICATI<llS, IT CllJLD BE USED 'ro STORE mIAL ~. 

.ASCIC 'PROGRAMMABLE PRESEl'S, OR cc:tlFiroRATICN INFaUl.\TICN. 

OOOOOObl 
OOOOOObl 9f 
000000b2 Sf 

97 START: 

000000b3 b002 

OOOOOObS e6f601 

000000b8 e603e0 

OOOOOObb e6f701 

OOOOOObe e6f92f 

OOOOOOcl e6f804 
000000c4 3110 
000000c6 e6ff7f 
OOOOOOc9 d6Vwww 
OOOOOOcc d6Vwww 

OOOOOOcf e612df 
OOOOOOd2 e61320 
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98 EI ;~THE lNTDlRUPT n.IP-FIDP 
99 DI 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 ; 

CIR 

LD 

LD 

LD 

LD 

LD 
SRP 
LD 
CALL 
CALL 

LD 
LD 

P2 

P2M,#00000001B 

P3.NXJ 

PJM.#%01 

IPR,#00101111B 

P01M.M4 
#%10 
SPL,#%7F 
SPI-" "ASI'ER_INIT 
SPI_mABLE 

CS, #XCS 
DCS,#XCstm 

;UPCN ~-UP, n1E S'roP IDDE m:ov!RY 
;RPmSTER IS SET FCR A PCR SOORCE 00!..Y. 
;THE WI' IS Im ACTIVE UNTIL A WI' 
;INSTROCTICN IS Em:lm:D. 
;CLEAR THE P2 Cl1l'PU1' BtJFrnl, ?Ul'E THAT IT 
; P26 IS USED 'ro PCMER nlE X25C02, THm 
; THIS llILL 'ruRN OFF nlE roJm 
; SET ALL P2 BITS 'ro Cl1l'PU1' EXCEPT SPI 
; DATA INPUT LINE 
;SET THE P3 ~ (P34-P36) 
; DEFAULT SClK IJJW', Rm ARE HIGH 
; SET THE PJ INPl1I'S 'ID BE m ANM.OG lt:lDE 
; SET THE P2 arrPt1I'S 'ID BE PUSH-PULL 
;PRIORITIZE THE INl'ERRUPTS AS FOLi.CMS: 
; IRQ3>IRQ5>IRQ4>IRQ1>IRQO>IRQ2 
;SET ~ STACI( 

;SET A DEFAULT 'WlllKIN3 R!msml SET 

;INITIALIZE THE SPI RPmS'IDS 
;mABLE 'nlE SPI BUSS 

; I.DAD 'nlE CHIP SELErl' VARIABLE 
;I.DAD THE CHIP DE-SELErl' VAAIABLE 

125 ;******************************************************************************1 

126 ; 
127 ; 
128 ; 
129 ; 
130 ; 

mm WRITE mABLE AND vmm STA'IUS BEFCm: PRCXl:D!N; - AlS) CODE TO 
cm::K STA'IUS OF 'nlE BW:K PROl'Frl' BITS AND UNPROl'!X:T '00: CHIP. Bmm 
oom:; ~. 'ruRN CN '00: X25C02 FOm. 

131 :***********************'**11t****************************************'************' 



4'21l.CE 

OOOOOOdS 
000000d5 460240 
000000d8 ff 
000000d9 ff 

OOOOOOda 
OOOOOOda e61006 
OOOOOOdd d6\llMI 
OOOOOOeO ~1303 

000000e3 
000000e3 e61005 
000000e6 d6\llMI 
000000e9 e61000 
OOOOOOec d6'1/www 
OOOOOOef 441303 

000000£2 
000000£2 761102 
000000£5 6be3 

000000£7 
000000f7 76110c 
OOOOOOfa 6b** 
OOOOOOfc e61002 
OOOOOOff d6\llMI 
00000102 441303 

00000105 

00000105 fcRooo+<lf, 
00000107 e6lc00 
0000010& 
0000010& e61002 
OOOOOlOd d6'1/www 
00000110 e4lcl0 
00000113 d6\llMI 
00000116 c20e 
00000118 d6\llMI 
OOOOOllb 441303 
OOOOOlle aOee 
00000120 20lc 
00000122 76e080 

USING THE ZB6C06 SPI Bus 
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132 ; 
133 PCM!lt_(lf: 
134 Cll P2,#0100JOOOB ;TURN~ 'n!E POWm TO '11!E X25C02. mERE: 
135 mi ; MAY NEED TO BE sa!E ?Us INSnm:D TO 
136 mi ; ACcam roR CAPACI'I'AlC: CHARGD«i. 
137 ; 
138 \IRITE_!mBIZ: 
139 U) XDATA, 11/R!N ;PROVIDE \IRlTE rnABLE CAPABn.rrY 
140 CALL SPI. 
141 Cll P3,DCS ; DE-ACTIVATE THE CHIP SELErl' Cl1l'Pl11' 
142 
143 READ_STATUS: 
144 U) XDATA, IRDSR ;READ THE STA'IUS RmIS'ID 
145 CALL SPI 
146 U> XDATA,IOO ;TRANSMIT lllMMY ADDRFSS AND 
147 CALL SPI ;GET DATA FR<M P!lUPl!DIAL 
148 Cll PJ,DCS ; DE-ACTIVATE THE CHIP SELErl' CllTPl1I' 
149 
150 vmIF'l'JIE: 
151 'IM RDATA.#~ :c:m:K THE \IRlTE »lABIE BIT IN STATUS 
152 JR D;),\IRITE_OOBLE ;llRI'IE OOBLE MASK WAS rm SET 
153 
154 BWCK_PROm:T: 
155 'IM RDATA. #B?.mSK ;c:m:K BI.OOC PRcmx:T BITS IN STATUS 
156 JR D;), WR_lB'fl'EJ1FSS ;ti> PRC1IU'TI~ ACTI\llTED 
157 U) XDATA,#DP ; SEIJX:T ti> BI.OOC PRam:T 
158 CAIL SPI 
159 Cll P3,0CS ;DE-ACTIVIATE THE CHIP SELEr1' 
160 
161 ; 
162 ;******************************************************************************* 
163 : * 
164 ; 
165 ; 
166 ; 
167 ; 

COOE TO D!M:m'l'RATE M DIFFER!Nl' M!:l'ID>S <:JF WRITn«; DATA TO 'n!E X25C02. * 
'n!E FIRST MET!m llRI'IES CH: BYTE AT A TD!E, AND 'n!E S!XXHl M!'lB:lD VILL * 
'WRITE rnJR BYTES AT A TIME. * 

* 
168 ;******************************************************************************* 
169 ; 
170 \IR_lBYTE_mll: 
171 
172 U> 
173 LD 
17 4 NEXl' J!Y'l'E: 
175 LD 
176 CALL 
1T7 U) 

178 CALL 
179 LDC 
180 CALL 
181 Cll 
182 na 
183 m:: 
184 TM 

XDATA, l\IRITE 
SPI 
XDATA,D!D 
SPI 
TDATA,tlWD 
SPI 
P3,0CS 
IOOm. 
mm 
TDATA,ftSO 

;'WRITE 'n!E FIRST LINE a 'n!E !E>SAGE CM: 
; BYTE AT A TD!E 
;S'lm 'n!E MESSAGE ~ POmmt 
; S'lm 'n!E MESSAGE STARl'Im AT I.OCATI~ OOH 

; mm 'n!E ADrm:ss 10 S'1m THE 'WRITE DATA 

. 
; DE-ACTIVATE 'nlE CHIP S!llX:T CllTPl1I' 
:m:mlENI' 'n!E MESSAGE ~S POIN'lD 
: m:mlENl' X25002 ADrm:ss 
;c:m:K IF nm a CHllAC'l'm S'1'Rlm 
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(Continued) 

00000125 eb** 185 JR NE, 'WR_4BYTE ;IXM: WI'm FIRST STRING 
00000127 Sbel 186 JR NEXT_ BYTE ;REPEAT UXlP tmIL ME'.'lSAGE IS LOADED 

187 
00000129 188 'WR_4BY'l'E: ; WRITE 1l!E NEXT LINE OF 1l!E MFSSAGE 4 BY'l'F$ 

189 ; AT A TIME 
00000129 4c04 190 ID l«:HR,#4 ;X25C02 CAN PR~S UP ro 4 B'fI'ES rn A Ra.I 
0000012b e61002 191 ID XDATA, #'WRITE ; snm T!lE ilR1TE ml!1AND ro T!lE X2SCO: 
0000012e d6\lwww 192 CALL SPI 
00000131 e4lc10 193 ID XDATA ,XADDR ; SElID TllE ADDRESS 'ro ~ TllE YRITE DATA. 
00000134 d6\lww 194 CALL SPI 
00000137 195 NEXT_CHAR: 
00000137 c20e 1% LOC TDATA.ltlADDR ; SElID 1l!E MF.SSAGE DATA 'ro 1l!E llRlTE BtJFrn( 

00000139 d6\lww 197 CALL SPI 
0000013c aOee 198 mew !OO>DR ;~ 1l!E ME.SSAGE AD~S POlJmll. 
0000013e 201c 199 INC XADDR ; lNCm!rnT X25C02 ADDRESS 
00000140 76e080 200 ™ TDATA,#\80 ;CHEDC IF mD OF CIWIACTER STRING 
00000143 eb** 201 JR NE,RD_MF.SSAGE ; IXJ>IE llITH 'WRITING SEXX!ID S'l'RlN(: 

00000145 4af0 202 ruNZ i«:HR,NEXT_CHAR ; GE.'I' TllE NEXT BYl'E OF THE MESSAGE 
00000147 441303 203 00 P3,DCS ;DE-ACTIVATE TllE CHIP SELa'T cmror 
0000014a 8dRooo+ol29, 204 JP 'WR_4BYl'E ; REPEAT UNI'IL MESSAGE S'lal.ED 

205 ; 
206 ;******************************************************************************* 
207 ; * 
208 ; CODE ro DDDISTAATE !01 ro REAr DATA FRCt! TllE X25C02. BEroRE PllDillG, * 
209 ; TllE WRITE DISABLE INSTRUCTIOO IS SOO ro PR<7l'Fr1' THE IllFOR.'mTI<ll * 
210 ; * 
211 ;******************************************************************************* 
212 ; 

00000140 213 RD_MESSAGE: ;READ A LINE OF MESSAGE FRC1.1 'mE m>R<l'. 
214 ; - 'IllIS rnLY Clm'.S FIRST STRTIJG (THERE 
215 ARE ~ STRINGS 'JUI'AL) 

00000140 44:303 216 00 P3,DCS : DE-ACTIVATE 'IllE CHIP SELa'T CU'l'!'llT 
00000150 e61004 217 LD XDATA, #'WRDI ; DISABLE FUI'URE llR..."TES 
0000015 3 d6'1www 218 CJ.LL SPI 
00000156 44130 3 219 OR P3,DCS ; DE-ACI'I\IATE 1l!E CHIP SELa'T CU!'PIJT 

220 
00000159 fcROOO+Qf' 221 LD MDR, #ME'SSAGE ; sroRE TI!E !1ESSAGE ADDRESS POTI"1'ER 
0000015b e61003 222 LD XDATA. #READ ; SE1ID 'IHE RFAD OPCODE 
0000015e d6'1www 223 CALL SPI 
00000161 e61000 224 LD XDATA.#%00 ;SE1·1D 'IHE STARTIIJG ADDRESS TO READ FRO.'. 
00000164 d611www 225 CALL SPI 
00000167 226 RD_l'®CT: 
00000167 c25e 227 LOC TREAD ,@!WlDF ; GET A CHARACTD<. FRC1.1 1l!E MESSAGE 
00000169 d61.'w>; 228 CALL SPI ; READ CHARACTrn 
0000016c a4e511 229 CF RDATA,TREAD ;cct!PARE 1l!E CHARACTERS 

230 ; "** IF THEY DID rm CCMPARE. SO.·lETIITNG 
231 ; *** 'l{U'uD BE ~ HERE *********"'***** 

0000016f aOee 232 INC'1 !OO>DP. ; MJVE THE MESSAGE POilm:P 
00000171 761180 233 ™ RDATA,#\80 ; CIID:K IF LAST CHARACTER Ill TI!E STRING 
00000174 6bfl 234 JR El;/, RD _NEX'I' ;rm THE LAST CHARACT'EP 
00000176 441303 235 OR P3,DCS ;DE-ACI'I\IATE 'mE CHIP SELECT curroT 

236 
237 ; 
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00000179 b002 

0000017b 10fd 
0000011d e6fd0f 
00000180 bc28 

00000182 50fd 

00000184 ff 
00000185 6f 

00000186 
00000186 70fd 
00000188 e6fd0c 
OOOOC18b 2c8a 

0000018d 50fd 
00000181 af 

238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
26e 

USING THE Z86C06 SPI Bus 
APPLICATION NOTE 

:******************************************************************************* 
* 

TURN OFF POWER ro 'Im: X25C02' AND PLACE 'nlE Z86C06 ro SLEEP * 
* 

;****'*************************************************************************** 

ell P2 

PUSH RP 
Ill RP,AOF 
LD SHR,I00101000B 

POP RP 

?l)p 

STOP 

;TURN OFF POWER TO X25C02 

; SAVE 'Im: CllRROO R!X:IS'l'm POINI'D\ 
; ACCESS 'Im: STOP HJDE ~y REx:ISTER 
;o::NFiroRE STOP MJDE FOR A HIGH LEVEL 
; TRANSmCN OF P31. 
; RESET 'Im: R!X:IS'l'm :rolNI'lll. 

; CLEAR 'l'llE PIPELINE 
; STOP THE PRc:CTSSOR 

N.JI'E THAT WEN 'mE PROCESSOR 1olAKES UP, IT 
llilL RUN E.Vm'rn!ING ALL ovm AGAIN AND 
THm oors BACK ro stm'. A DECISICN l..OOP 
caJLD BE M AT 'l'llE Bn;Dl!IDJG OF THE CODE 
TO CHECK 'Im: ~SOP. VAS ACTI\'ATED AS 
'Im: RF.5\JLT OF A FOR, 00 AS 'mE P.ESULT OF 
A STOP M'.lDE m::tMll.Y 

;******************************************************************************* 
* 

INITIALIZE 'Im: SPI BUSS FOR 19.STER M'.lDE OF OPEllTICN 
SPECIAL N.JI'E: THIS ROOTINE OOE.S N'Jl' DU!BLE THE SPI BUSS 

* 
* 
* 

* 
269 ;******************************************************************************• 
270 
271 SPI _Mr!S'!'ER _DlIT: 
272 PUSH RP 
273 LD RP, #%OC 
214 LD SCCIU10001010B 
275 

RP 

; SAVE 'l'llE CURRmT JID:ISTER PO:oo'ER 
; ACCESS niE SPI EXPANDED REGISTER FILE 
;ENABLE MASTER mm; 
; SE:!' rux:K SOORCE ro TC!.¥ 
;XMIT m FALLING EDGE, m:EIVE ct! PJSlllG 
;RESET niE RCV CHAR AVllLAilLE 
;DISABLE niE CCM'ARE 'lru:E-UP FEA'!'URE 
; SE:!' rux:K RATE (1 MHZ ll!'nl 8 ~lHZ CRYSTAL! 
;RETRIEVE ~ JID:ISTER POTI!'I'E!'. 

276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 

;******************************************************************************* ,. 
SPI_ENABLE * .. 
ENABLE niE SPI BUSS - THIS STARTS THE SCLK 

;******************************************************************************* 
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00000190 
00000190 70fd 
00000192 e6fd0c 
00000195 46e201 
00000198 50fd 
0000019a af 

0000019b 
0000019b 70fd 
0000019d 541203 
OOOOOlaO e6fd0c 
00000la3 56e2ef 
00000la6 1810 
OOOOOlaB 
000001a8 76e210 
000001ab 6bfb 
OOOOOlad 1911 
OOOOOlaf 50fd 
OOOOOlbl af 

00000lb2 
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290 : 
291 SPI_mm..E: 
292 PUSH 
293 LO 
294 m 
295 pa> 
296 RET 
297 : 

APPENDIXB 
Listing 2 

RP 
RP,I'« 
sc:m, IOOOOOOOlB 
RP 

USING THE Z86CO& SPI Bus 
APPUCAllON NO'rE 

; SAVE 'l1IE alRR!M' RlmS'l'm FOIN'l'El 
;ACCESS THE SPI EXPANDED RmIS'Im FILE 
;IJQBLE 'Im: SPI BUSS 
;RETURN 'IO Kmml. R!Xi!smtS 

298 :******************************************************************************* 
299 : * 
~: m * 
301 ; * 
302 ; XMIT A BYTE OF DATA elf '1'HE m BUSS FCUID IN RmIS'Im XDATA. ALSO, PIACE * 
303 ; A im::EIVED CDRAC'lD. IN RmISTm RDlTA. ms Ra11'INE WILL ACTIVATE '1'HE * 
304 ; /CS LINE. lll11' WILL rm JE-ACTIVATE m LINE IN CASE MULTIPLE VRrl'ES al. * 
305 ; mDS ARE OOK 'ID nKE PLACE. "' 
306 : * 
307 ; XDATA - Rm!S'Im I.OCATIOO lOh * 
308 ; RDlTA - R!Xi!S'l'!R lOCATIClf llh * 
309 ; * 
310 :**********************************************************-******************** 
311 : 
312 SPI: 
313 PUSH 
314 AND 
315 LO 
316 AND 
317 LO 
318 RCV_c:mx:K: 
319 '™ 
320 JR 
321 LO 
322 pa> 
323 RET 
324 
325 ; 

RP 
P3,CS 
RP,l\OC 
SC.'Clf,#RCARESET 
RXBUF ,XDATA 

SCClf, #ROlmSX 
!J;!,RCV_CHEXX 
RDATA, RXBUF 
RP 

;SAVE 'l1IE OJRR»IT Rm!S'Im ronmR 
;ACTIVATE /CS LINE FCI{ THE P!'JUPIEtIAL 
;ACCESS 'l1IE SPI EXPANDED R!Xi!S'Im FILE 
;mt'I' '1'HE tm:IEVED CHAR AVAIL 
; IA\D BUFrnt VI'lll DATA 'ID BE XMI'l'1'ED 

;am:K IF ClmRACTm AVIAIABLE lN RCVR 
;CHARAC."l'm rm IN m:ElVm 
: S'ltRE THE REX:IEVED CHARACTER 
;REruRN TO taK1.L R!XiismtS 

326 :******-********************************************************************** ... 
327 ; * 
328 ; lNIDRUP1'S * 
329 ; * 
330 ; '1'HEm: mt I'«) ~ USE!l BY ms PROGRAM. AN IN1DRUPT CaJLD HAVE * 
331 ; BEnl USED 'ID RFAD THE SPI DATA (IRQ3). * 
332 ; * 
333 :******************************************************************************* 
334 ; 
335 lNl'REI': 
336 
337 
338 .mo 



ux: 

abs 00000000 
abs 00000001 
abs 00000002 
abs 00000004 
abs 00000005 
abs 00000006 

00000000000000010 
00000000000000011 
00000000000000012 
00000000000000013 

LINEI - IOlRCE -

USING lHE Z86C06 SPI Bus 
APPLICATION N01E 

1 :*****************~"·************'*******~********** .... ****************** 
2 ; * 
3 ; ZIUlG I SPI IN1DFACE * 
4 ; Z86C06 AND 11:145053 * 
5; * 
6 ; BY: L'YN ZAS'1'ROll * 
1 ; CXl'YllRlTE 1991 * 
8 ; * 
9 ; lSS!HIUJt: ZIUlG lst!SB lSS!2!B1D. * 

W; * 
11 ; Z86C06 I/0 Ul'ILIZAT!m * 
12 ; ~ IEf'INITIOO: * 
13 ; P20: SPI PROCESD INPl1l' DlTA * 
14 ; P21: 1'«71' USED * 
15 ; P22: 1'«71' USED * 
16 ; P23: 1'«71' USED * 
11 ; P24: 1'«71' USED * 
18 ; P25: 1'«71' USED • 
19 ; P26: 1'«71' USED * 
20 ; P21: SPI PROCESD amur DlTA * 
21 ; P31: um OF CCJNmSICJl SIQGL * 
22 ; P32: 1'«71' USED * 
23 ; P33: 1'«71' USED * 
24 ; P34: SCl.l romJl' FRCM PROCF.SD * 
25 ; P35: 1'«71' USED * 
26 ; P36: /CS Cl1l'Pl1l' FRQ! PROCF.SD * 
n; * 
28 ; TIME cmsTANTS ARE BASED CJl 8MHz mllTICJm.. FRDJJENCY * 
~; * 
30 ;******************************************************************************* 
31 ; 
32 ; 
33 ; 
34 ; 
35 ; 
36 ; 
31 '!'DATA 
38 RXlltJF 
39 SCQl 

40 l!IAD 
41 UlAD 
42 SUXJP 
43 
44 XDATA 
45 RDATA 
46 cs 
41 ocs 
48 ; 
49 ; 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

.E;,U 

RmISTER PO~ m:IARATICJlS 

RmISTER D!X:LARATIWS 
RO ;SAME AS XDATA, Bl1I' lOUONG RmISTER (%10) 
Rl ; SPI RX & XMIT BUFFER (%11) 
R2 ;SPI camlOL RmISTER (:EX'l'OO>ED Rm) (%12) 
R4 ;HIGH BYTE OF a:rM:RSictl (%14) 
RS ;I.DI BYTE OF AID CQNERSIOO (%15) 
R6 ;SHIIT UX>P CXUll'm FOR ~ICJ'1 (%16) 

%10 ;SPI Xl!IT DlTA 
%11 ;SPI m:EIVED DATA 
%12 ;RmISTER CDITAlNING /CS 
%13 ;RmISTER DE-ACTIVATm: CS 
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OOOOOOOOOOOOOOOf 
000000000000000 
OOOOOOOOOOOOOOOf 
00000000000000010 
0000000000000002 

000000000000000 
00000000000000010 
00000000000000020 
00000000000000030 
000000000000000 
OOOOOOOOOOOOOOObO 
000000000000000 
0000000000000000 

00000000 

00000000 Www 
00000002 ll'wllW 
00000004 ll'wllW 
00000006 ll'wllW 
00000008 ll'wllW 
OOOOOOOa ll'wllW 

OOOOOOOc 
OOOOOOOc 9f 
OOOOOOOd Sf 

OOOOOOOe b002 
00000010 e6f601 

00000013 e603e0 

00000016 e6f701 

00000019 e6f92f 
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APPENDIXB 
Listing 2 

(Continued) 

USING THE Z86CD6 SPI Bus 
APPLICATION NOlE 

50 ; 
51 xcs 

-------- PR<XlRAM CCNSTANTS --------

52 xcstm 
53 RCARES!.T 
54 RCA!ruK 
55 EXX:MASK 
56 
57 
58 Al«) 

59 AN1 
60 AN2 
61 AN3 
62 AN4 
63 HSCALE 
64 ZSCALE 
65 FSCALE 
66 

.EtJ.I 

.EtJ.I 

.EtJJ 

.EtJ.I 

.EtJ.I 

.EtJ.I 

.EtJj 

.EtJ.I 

10111111.B ;P36 = /CS FCR "n1E !1::145053 
010000008 ;P36 = DEACTIVE !045053 /CS 
11101111.B ;R!X:IE'm) CHAR AVAIL~ 
000100008 ;R!X:IE'm) CHAR AVAIL MASK 
000000108 ;MASK FCR PJl - !Ml CE CCM'mSictl 

%00 
%10 
%20 
%30 
%40 
%80 
%CO 
%00 

;ANAU:lG t!IL~ AOim:S~ 
;ANAWG CHANNEL 0 
; ANAU:lG CHANNEL 1 
; ANAU:lG CHANNEL 2 
; ANAU:lG CHANNEL 3 
; ANAU:lG CHANNEL 4 
;HALF SCALE CHANNEL 
;ZERO SCALE CHANNEL 
; FUI.L SCALE CHANNEL 

67 ; 
68 ; 
69 ; 
70 ; 
71 
72 ; 
73 ; 
74 
75 
76 
77 
78 
79 

-------- lNlDRUP1' V!X:'l'CRS --------

80 ; 

I.DAD IN'!D.RUPT VFrml JUMP TABLE: 
.~G OOOOH 

.DD 

.DD 

.DD 

.DD 

.DD 

.DD 

;IRQO - Pl'ln' P32 -~ EDGE 
;IRQl - Pl'ln' P33 - NmATIVE EDGE 001.Y 
;IRQ2 - Pl'ln' P31 - PROGWl9iBlE EDGE 
;IRQ3 - SP! 
; IRQ4 - TO - mrmaL 
; IRQ5 - Tl - mrmw. 

81 ;******************************************************************************* 
82 ; * 
83 ; INITIALIZE "n1E Clf'mATictl ~ "n1E CCNl'RCUDl 
84 ; 
85 ;******************************************************************************~ 
86 ; 
87 S'l'm: 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

EI 
DI 

Ul 

LD 

Ul 

P2 
P2M,to0000001.B 

P3,NJ) 

P3K,i\Ol 

IPR,IOOlOllll.B 

; UPCt1 PC:mlt-UP. "nlE S'ltl' !DE m::ovmY 
; Im;Ismt IS SET FCR A PCR SClJRCE 001.Y. 
;'mE llI1l' IS lCl' ACTIVE tJn'IL A llI1l' 
;INS'Im:'l'Ictl IS Eml1l!D. 
; CT.DIR "nlE P2 Wl'Pl1l' 11.JF!!R 
;SET AIL P2 BITS ro cumrr EXCEPT SPI 
; DATA INPUl' LINE 
;SET "nlE P3 Wl'Pl1l'S (P34-P36) 
; DEFAIJLT SClK !DI, REST ARE HIGH 
; SET "nlE P3 INPUrs 'ro BE IN ANlliXi lltt 
; SET 'mE P2 Wl'Pl1l'S 'ro BE PUSH-PUIL 
; PRIClUTIZE 'M: INIDRUPTS AS FOLtalS: 
; IRQ3>IRQ5>IRQ4>IRQ1>IRQO>IRQ2 



~211.06 

ooooook e6f 804 
OOOOOOlf JllO 
00000021 e6f f7f 

00000024 d6VWw 
00000027 d6Vllw 

0000002a e612bf 
0000002d e61340 

00000030 
00000030 e610b0 
00000033 d6Vllw 
00000036 a6e402 
00000039 ff 
0000003a a6eSOO 
0000003d ff 

0000003e 
0000003e e610c0 
00000041 d6\lwww 
00000044 a6e400 
00000047 ff 
00000048 a6eSOO 
0000004b ff 

0000004<: 
0000004c e610d0 
0000004f d6\lwWW 
00000052 a6e403 
00000055 ff 
00000056 a6e5f f 
00000059 ff 

0000005a 
0000005a e61000 
0000005d d6\lwWW 

103 11> 
104 SRP 
105 11> 
106 
107 CALL 
108 CALL 
109 
llO 11> 
ill 11> 
ll2 
113 ; 

POlM,"'°4 
"10 
SPL,11%7F 

SPI_MlSTER_INIT 
SPI_OOBLE 

CS,IXCS 
ocs,m:srm 

; SET INIUNAL STACK 

USING THE Z86C06 SPI Bus 
APPLICATION NOlE 

;SET A IEFAULT DKil«i RmISTm SET 

;INITIALIZE 'l'HE SPI RmISTmS 
;OOBLE THE SPI BUSS 

; lDAD 'nlE CHIP SELEt"I' VARIABLE 
;UW) THE CHIP m:-SELEX:T V11RIABLE 

114 :******************************************************************************* 
115 ; * 
116 ; PmFtEM A SIU TFSl' 00 'n1E WD CXJMlm]{. * 
117 ; * 
118 :******************************************************************************* 
119 ; 
120 TFSl' _!DLF: 
121 11> 
122 CALL 
123 CP 
124 tllP 
125 CP 
126 tllP 
127 
128 TFSI'_mtO: 
129 LD 
130 CALL 
131 CP 
132 tllP 
133 CP 
134 tllP 
135 
136 TFSl'_FULL: 
137 LD 
138 CALL 
139 CP 
140 tllP 
141 CP 
142 tllP 
143 
144 

XDATA, IHSCALE 
cnMRT 
HIAD.ll%02 

lDAD,l\00 

XDATA, #ZSCALE 
Ct'.JNERT 
HIAD,#%00 

lDAD,#\00 

XDATA. #FSCALE 
ca~':' 

HIAD,#\03 

l.OAD,NT 

;PROVIDE muss FCR m:: HALF' SCALE TFSl' 
;PDF'Cw. 'nlE AID ~IOO 
;Clm:K 'nlE ID: BYTE 
:ms lOJLD tmmLLY BE A cammaru. JUMP 
; C1m:K THE LO BYTE 
:ms lOJLD tUOO.LLY BE A cammoo.t JUMP 

;PROVIDE muss FCR 'nlE mo SCI.LE TEST 
;~ 'nlE AID CQM:RSIQi 
; Clm:K THE ID: BYTE 
;ms lOJLD ta:ru.LY BE A cammcwu, JUMP 
; C1m:K 'Im: LO BYTE 
:ms lOJLD tm11.LLY BE A cammaru.. JUMP 

;PROVIDE ADDRF.5S FOP. THE FU'.i...L SCALE TEST 
: m.FOR.'! THE AID Ct'.Jl\IER.S!Cll 
;Clm:K nlE ID: BYTE 
;ms lOJLD ?OMALLY BE A cammaru. JUMP 
;cm:Y. n!E LO BYTE 
;Tl!!S lOJLD tmml.LY BE A camm~ J'Jl'lP 

145 ~·**********************************•'*****************************************~ 
146 ; • 
147 ; P!m'OR!'! ~IOO 00 ALL OF n!E CllANI~ 
148 ; 
149 :***************************"**************************************************~ 

150 ; 
151 MUX_UX>P: 
152 LD 
153 CALL 

XDATA.10 
cnMRT 

; START AT ANALOG CHANNn. 0 
;PDmE': THE WD ~Ial 
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~2iUJ6 
USING THE Z86C06 SPI Bus 

APPLICATION NOTE 

APPENDIXB 
Listing 2 

(Continued) 

00000060 154 UXP: 
00000060 e61000 155 Ul XDATA,IO ; START "nlE UXlP AGAIN B!x:AilSE CH' CXIMRSIOO 

156 ; IlllY lN MIJLTIPLEXlll 
00000063 d6Www 157 CALL a:JNml' ;~ "nlE AID ~IOO 
00000066 ff 158 la' ;THIS lUJLD tm!ALLY BE OXJE TO tJl'ILIZE 

159 ; HIAD AND UlAD FtR 'n!E amtm.. m:m:; 
160 ; CDMim:D 

00000067 061010 161 ADD XDATA,1\10 ;oo m mr CH»1m. 
0000006a a61050 162 CP XDATA.1%SO ;cmx:K IF ALL CH»fm.S ~ 
0000006d lbfl 163 JR LT,UXJP ;a:mm.JE mm, ALL CIWHl.S a:mraTED 

164 
165 
166 ; 
167 ; 
168 ; 
169 ; 

0000006f 8dRooo+0030. 170 JP TEST JIAIF ;OO IT ALL CWER AGAIN! 
171 
172; 
173 ;******************************************************************************* 
174 ; * 
175 ; a:JNml' * 
176 ; * 
177 ; SEW THE arANNEl. TO a:JNmI', WAIT m THE nx: SIQ&, AND READ THE * 
178 ; DATA. THE ANALOG CHANNEL MUST BE S'!tlRED lN XDATA. THE 10 Bl'!' DATA IS * 
179 ; IS RE'1URNED HIAD AND UlAD. * 
180 ; * 
181 :****************************************************************'******1t******** 
182 ; 

00000072 183 CXlMll'r: 
00000072 d61Jwww 184 CALL SP! ;TRANSmT DATA lN 16 BIT rooo.T 
00000075 d61Jwww 185 CALL SP! 
00000078 441303 186 ~ P3,0CS ;DE-Acrn?.TE THE CHIP SElEI' cm'PUI' 
0000007b d61M.'ll 187 CALL COOVERT_OO ;WAIT m nm CH" CtlMl{Sictl 
0000007e d61Jwww 188 CALL SP! ; READ THE DATA - III B'fl'E 
00000081 4811 189 LD llIAD,RDATA ; S'la'1E THE HIGH B'fl'E 
0000008 3 d61Jwww 190 CALL SP! ;READ THE LAST m BITS 
00000086 5811 191 LD WAD,RDATA ; S'la'1E m w.1 B'fl'E 
00000088 441303 192 ~ P3.0CS ;DFAcrn?.TE THE CHIP SElEI' CUIWl' 
0000008b &06 193 LD SLJXIP,#6 ; SHil"l' THE DATA TO MAKE I'l' LO'.lK L.IKE '!'RUE 

194 ; 16 BIT DATA 1lITH THE 6 MSBs SIT TO 0. IF 
195 ; IF 8 BIT DAT].. IS Dr.SIRED. nIDl nns OOES 
196 ; IDT NEED TO BE In!E AND THE HIAD Pl:'..slJLT 

0000008d 197 SHIF'l': ; COOLD BE USED AS IS. 
0000008d d0e4 198 SRA llIAD : SHil"l' TilE HI B'fl'E. PUT I.SB Ill CJ...'DPY FlJ.G 
0000008f dle5 199 RRC WAD ; SHil"l' THE W BYTE Pl.Fl'l'IllC THE CAF!'Y FLAG 

200 ; IN THE MSB 
00000091 6af a 201 rum SUX)P. SHil"l' ; CCNTINUE TilE SHil'l'lNG umn, ro'.PIEI'E 
00000093 56e4C3 202 AND llIAD,#OOOOOOllB ;MASK OFF THE UPPIB 6 BITS A.~ 'IHE SHil"l' 

203 
00000096 af 204 m 

205 ; 
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00000097 
00000097 760302 
0000009a 6bfb 
0000009c af 

0000009d 
0000009d 70fd 
0000009f e6fd0c 
000000a2 2c:8a 

000000a4 50fd 
000000a6 af 

OOOOOOa7 
000000a7 70fd 
000000a9 e6fd0c 
OOOOOOac 46e201 
OOOOOOaf SOfd 
OOOOOObl af 

USING THE Z86C06 SPI B~s 
APPLICATION NOTE 

206 ;******************************************************************************* 
207 * 
208 c::mvmr_mo * 
209 * 
210 FCll 'mE mD CF CCIMXI' LINE W'l'lL AID ~ICN IS IXm * 
211 , .. 
212 ;************************************ ....... ************************************ 
213 ; 
214 cc:nvmr_mo: 
215 TM 
216 JR 
211 m 
218 

;CHD:K 'mE DX BIT 
;WAIT tJll'IL 'mE DX BIT IS HIGH 

219 ~******************************************************************************* 
220 
221 
222 
223 
224 
225 

nnTIALIZE 'mE SPI BUSS FOO MASTm K)J)E OF omlATictl 
sm=IAL rcn:: nns RaJl'INE oors ?UI' mABLE 'n!E SPI BUSS 

* 
* 
* 
• 

226 ;******************************************************************************* 
227 
228 SPiflSTER_INIT: 
229 PUSH RP 
230 LD RP, #%OC 
231 LD SCCN, #10001010B 
232 
233 
234 
235 
236 
237 
238 
239 ' 

RP 

;SAVE 'mE CURRmI' Ru;ISTER POmrER 
;ACCESS 'mE SPI OOANDEIJ Ru;ISTER FILE 
; llW!LE 1'mSTER M'.)!)E 

; SET CLJX:K SOORCE 'ro 'J'CLK 
;XMIT CN FALLING EDGE, m::EIVE CN RISING 
;~ 'mE RCV CHAR AVllLABLE 
;DISABLE 'n!E al1PARE '\IAKE-uF FEATURE 
;SET CLJX:K RATE (1 MHZ 'lll'lll 8 MHZ CRYSTAL) 
;Rml!VE QKIN:; Ru;ISTER POmI'ER 

240 ;******************************************************************************* 
241 * 

SPI_mABLE • 
• 

242 
243 
244 
245 
246 
247 

llWlLE 'mE SPI BUSS - THIS STARTS 'nlE SCU< * 
* ' ;******************************************************************************* 

248 SPI_OOBLE: 
249 PUSH 
250 LD 
251 CE. 
252 PCP 
253 RE'!' 
254 

RP 
RP,#%0': 
SCCN, #OOOOOOOlB 
RP 

;SAVE 'mE CURROO Ru;ISTEP. POmI'ER 
;ACCESS 'n!E SPI OOANDED m:;ISTEP. FILE 
;llW!LE 'n!E SPI BUSS 
;REruRN 'ro J\l'.lRMAL REX;ISTERS 
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~2.iUD:-
DTMF TONE GENERATION USING THE ZS® CCP 

I n many applications a microprocessor must access phone lines for communications or data exchange. 
This has traditionally been accomplished by adding a DTMF tone encoder and a 3.58 MHz crystal,· 
however, the ZB's pulse width modulation capabilities allow DTMF tone generation in software. 

INTRODUCTION AND THEORY OF OPERATION 

The program outlined below generates DTMFtones using 
a pulse width modulation (PWM) algorithm. PWM is used 
to vary the DC level of the output by varying the duty cycle 
(the "on" time divided by the cycle period) of the square 
wave. Varying the 'on" time by a sine function and then 
feeding the output through a lowpass filter yields a sine 
wave. 

Sine values are determined by the Basic program in Listing 
1 . The sine table contains 256 entries, which in turn contain 
hexadecimal values representing a sine function for 360 
degrees. These values are indexed and loaded into T1 at 
a sampling rate that, according to Nyquist, must be at least 
twice the highest frequency tone that we want to repro
duce. Since the highest frequency for this application is 
1477 Hz, the sampling rate must be at least twice this, or 
2954 samples per second. The higher the sampling rate, 
the greater the accuracy. In the example illustrated here a 
sample rate of 12000 samples per second is used both for 
higher accuracy and ease in filtering. 

Since we are, in effect, producing two tones, two pointers 
are used to fetch the next value in the look-up table: one for 
row frequencies, and one for column frequencies. The 
frequency of the resulting sine wave can be calculated by 

multiplying the number of steps in the sine look-up table 
(256) by the desired frequency, divided by the sampling 
rate. This offset value is added to the current pointer, which 
then fetches the next hex number from the look-up table. 
This is done for both the row and column frequencies. The 
two are added, then loaded into the timer register (T1 ). 

The lowpass filter was chosen to have a corner frequency 
of the lowest column frequency, or 1209 Hz. At this point, 
the column frequencies will be at least 3 dB below the row 
frequencies. However, telephone lines themselves act as 
a large-scale lowpass filter, and by the time the tones m 
reach the telephone switching equipment, the amplitude 
should be the same. The spec therefore calls for the 
column frequencies to be 3 dB higher than the row fre-
quencies. In the telephone industry this is known as "twist." 

This adjustment can be made in software by taking the hex 
value from the look-up table for the column frequency and 
doing a "rotate left." This results in twice the amplitude for 
the column frequency-6 dB gain, or 3 dB up from the row 
frequency, just where we want to be. Overall dB level from 
the output of the lowpass filter can be adjusted with a 
potentiometer. 
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12.00 MHz 

27 pF__ci D ~27pF 

7 6 

+SV XTAL 1 XTAL2 

5 vcc 
P36 

14 GND 

= 
P26 Column 2 

3 

P25 Column 1 
2 

P24 Column 0 

Z86C06 

Row3 
P23 18 

P22 Row2 
17 

P21 Row1 
16 

P20 Rowo 
15 
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LISTING 1 

DTMF TONE GENERATION USING 
THE zae CCP'" APP UC~ TION NOTE 

;-----------------------------------------------------------------------------This program, using the Zilog ZS, is designed to produce DTMF tones without 
an external DAC. The tones are produced using PWM, using one of the timers 
to vary the duty cycle of the output pulses. A sine look-up table is indexed 
at a sample rate well above the highest tone (1447 Hz). Both column and row 
values from the look-up table are added in software to produce the PWM output 
at the sample frequency. These hex values are loaded into a timer, which det
ermines the pulse width. At Terminal Count (TC), the port pin is taken low, 
and the difference between this period and the sample period is loaded into 
the timer. When run through a low-pass filter, the result is an accurate DTMF 
tone. Crystal frequency is 12.0000 MHz. The keypad columns are output from 
P24-6, while the row inputs are connected to P20-3. 
This program was written on 6-2-92 by Don Owen Newquist, Zilog, Inc. 

·----------------------------------------------------------------------------, 
WORK REGl .equ lOh 
off set hi .equ rO 
offset-lo .equ rl 
offset- .equ rro 
row_inc_hi .equ r4 
row_inc lo .equ r5 
row inc .equ rr4 
pointer_hi .equ r6 
pointer_ lo .equ r7 
pointer .equ rr6 
col inc_hi - .equ rs 
col inc lo .equ r9 - -col inc .equ rrs 
r_freq_hi .equ rlO 
r_freq_lo .equ rll 
r_freq .equ rrlO 
c_freq_hi .equ r12 
c_freq_ lo .equ r13 
c_freq .equ rr12 
row val .equ rl4 
col -val .equ r15 
xtal .equ 12000 
sample .equ 12000 
ctval .equ xtal/8/sample 
tabstp .equ 256 

WORK_REGO .equ OOh 
bounce .equ r4 
counter 1 .equ r5 -key_cnt .equ r6 
key_temp .equ r7 
temp_l .equ rs 
scan .equ r9 
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BOUNCE 
COUNTER 1 
KEY CNT
KEY-TEMP 
TOO 1 
SCAN-

check_ bounce: 
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.EQU 

.EQU 

.EQU 

.EQU 

.EQU 

.EQU 

.org 

.word 

.word 

.word 

.word 

.word 

.word 

.org 
di 
ld 
ld 
ld 
srp 
ld 
ld 
ld 
ld 
clr 
ld 
ld 
ld 
clr 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
ld 
clr 
clr 
clr 
clr 
clr 
ei 
jr 

%04 
%05 
%06 
%07 
%08 
%09 

OOOOh 
0 
0 
0 
0 
key_scan 
timer_l 

DTMF TONE GENERATION USING 
THE ZS' CCP'" APPLICATION NOTE 

INITIALIZATION 

OOOch 

rp,#OfOh 
rO,#Ofeh 
rll,#0 
#WORK REGl 
p3m,#o 
pOlm, #04h 
spl,#SOh 
irq,#OOh 
imr 
preO,#OSh 
t0,#00 
prel,#6h 
p3 
imr,#lOh 
ipr, #Obh 
tmr,#03h 
pointer_hi,#Ahb 
pointer_lo,#Alb 
r_freq_hi,#lfh 
r_freq_lo,#Oefh 
c_freq_hi,#17h 
c_freq_lo,#26h 
row inc hi,#00 
row::::inc::::lo,#01 
col inc hi,#OO 
col::::inc::::lo, #01 
row_val,#lOh 
col_val,#lOh 
BOUNCE 
KEY CNT 
KEY::::TEMP 
TEMP 1 
SCAN-

check_bounce 

disable int 
point to 
peon reg 
crystal div by 2 
lowest bank 
default 
int stack 
stack at highest ram 

clear int mask 
cont mode 
sampling time 125 microsec 
one shot mode 
clear port 3 
enable irq4 
irqs > irq4 
load & en to 

sine get lookup table 
sine address 

697 

1209 

697 

1209 

debounce counter 

enable interrupts 



DTMF TONE GENERATION USING 
THE Z8' ccp· APPLICATION NolE 

;----------------------------------------------------------------------------
KEYBOARD SCAN ROUTINE 

;----------------------------------------------------------------------------
key_scan: 

load_scan: 

row_loop: 

load_keys: 

no_keys: 

exit: 

no irq: 

push 
srp 
ld 
ld 
ld 
nop 
nop 
ld 
ld 
inc 
scf 
rrc 
jr 
cp 
jr 
inc 
cp 
jr 
call 
jr 
ld 
clr 
pop 
iret 
inc 
cp 
jr 
scf 
rlc 
jr 
clr 
clr 
clr 
clr 
pop 
iret 

rp 
#WORK REGO 
p2m, #OOOOllllb 
scan,#lllOllllb 
p2,scan 

temp_l,p2 
counter_l,#0 
key_cnt 

temp_l 
c,no keys 
key_temp,key_cnt; 
ne,load keys 
bounce -
bounce,#2 
ult,load_keys 
dtmf out 
exit-
key temp,key cnt; 
key:=cnt -
rp 

counter l 
counter-1,#4 
ult,row:=loop 

scan 
c,load scan 
bounce
key_cnt 
key_temp 
counter_l 
rp 

out for p27-p24, in p23-p20 
load scan byte 
output to port 2 

load contents of p2 
load counter 

rotate right 

same key? 
not the same 
increment bounce counter 
bounce = 2 ? 

call transmit routine 

transfer key data 

looking for a one 
keep looking if not all rows 
look again at next row 
set carry flag · 
rotate to scan next column 
scan next column if no carry 
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DTMF TONE GENERAllOll USING 
THE a- ccp• APPLICATION NoTE 

;------------------------------------------------------------------------------Get Keyswitch Offset Values 
:------------------------------------------------------------------------------dtmf_out: 

index_ loop: 

no_index: 

enable: 

push 
srp 
ld 
ld 
ld 
ld 
ld 
sub 
cp 
jr 
incw 
incw 
incw 
incw 
dee 
cp 
jr 
ldc 
incw 
ldc 
incw 
ldc 
incw 
ldc 
ld 
ei 

rp 
#WORK REGl 
tmr,#OOh 
imr,#20h 
pre0,#4 
offset hi,#Ahb 
offset-lo,#Alb 
KEY CNT,#1 
KEY-CNT,#0 
eq,no_index 
off set 
offset 
off set 
off set 

: reset to bits 
: reset to vector 
: one-shot mode 

off set tbl 
offset:tbl 

KEY CNT 
KEY-CNT,#0 
ne,Index_loop 
r_freq_hi,@offset 
off set 
r_freq_lo,@offset 
off set : 
c_freq_hi,@offset 
offset 
c_freq_lo,@offset 
tO,#ctval 

;-----------------------------------------------------------------------------DTMF Generation Routine 
;-----------------------------------------------------------------------------start: or p3,#40h 

or tmr,#Ofh 
tcm p2,#0fh 
jr z,exit dtmf 

dtmf_loop: tm irq,#loh 
jr z,dtmf loop 
and irq,#Oefh 
jr start 

exit_dtmf: ld imr,#lOh timer o int 
ld preO,#Olh cont mode, full count 
ld imr,#lOh to only 
ld tmr, #03h 
ld t0,#00 
pop rp 
ret 
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DTMF TONE GENEllA110N USING 
THE Z8' CCP• APPLICATION NoTE 

:-----------------------------------------------------------------------------Timer 1 Interrupt Routine 

;-----------------------------------------------------------------------------
timer_l: xor pJ,#40h : toggle port pin 

load_tl: 

offset_tbl: 

sine: 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 

ref 
add 
adc 
ld 
ldc 
add 
adc 
ld 
ldc 
rl 
add 
ld 
iret 

row_inc_lo,r_freq_lo 
row_inc_hi,r_freq_hi 
pointer_lo,row_inc_hi 
row_val,@pointer 
col_inc_lo,c_freq_lo 
col_inc_hi,c_freq_hi 
pointer_lo,col_inc_hi 
col_val,@pointer 
col val 
row-val,col val 
tl,row_val -

.org 180h 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

lfh,Obfh,J7h,70h 
2Jh,00h,J7h,70h 
26h,Ocfh,J7h,70h 
2ah,Od7h,37h,70h 
lfh, Obfh, Jdh, JOh 
2Jh,OOh,Jdh,JOh 
26h,Ocfh,Jdh,JOh 
2ah,Od7h,Jdh,JOh 
lfh,Obfh,4Jh,Oafh 
2Jh,00h,4Jh,Oafh 
26h,Ocfh,4Jh,Oafh 
2ah,Od7h,4Jh,Oafh 

.org 200h 

18h,18h,18h,18h,18h,19h,l9h,l9h,l9h,l9h,lah,lah 
lah,lah,lah,lah,lbh,lbh,lbh,lbh,lbh,lbh,lch,lch 
lch,lch,lch,lch,ldh,ldh,ldh,ldh,ldh,ldh,ldh,ldh 
leh,leh,leh,leh,leh,leh,leh,leh,leh,leh,lfh,lfh 
lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh 
lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh 
lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,lfh,leh 
leh,leh,leh,leh,leh,leh,leh,leh,leh,ldh,ldh,ldh 
ldh, ldh, ldh, ldh, ldh, lch, lch, lch, lch, lch, lch, lbh 
lbh,lbh,lbh,lbh,lbh,lah,lah,lah,lah,lah,lah,19h 
19h,19h,19h,19h,18h,18h,18h,l8h,l8h,18h,l7h,17h 
17h,17h,17h,16h,16h,16h,l6h,l6h,16h,15h,15h,15h 
15h,15h,15h,14h,14h,14h,l4h,14h,14h,1Jh,13h,1Jh 
13h,1Jh,1Jh,13h,12h,12h,12h,12h,l2h,12h,12h,12h 
12h,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh 
llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh 
llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh 
llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh,llh 
12h,12h,12h,l2h,l2h,l2h,12h,12h,l2h,l3h,13h,lJh 
13h,1Jh,1Jh,1Jh,14h,14h,14h,14h,l4h,l4h,15h,15h 
15h,15h,15h,15h,16h,16h,16h,l6h,l6h,l6h,l7h,l7h 
17h,17h,17h,18h 

.end 
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~2iUJI:» 
SERIAL COMMUNICATIONS USING THE 

ZS® CCP SOFTWARE UART 

M any applications require asynchronous communications with the outside world. This 
Application Note presents one method tor accomplishing serial communications through 
software rather than hardware by taking advantage of the flexibility of the ZEP CCP™. 

INTRODUCTION 
Straightforward serial communications between Zilog ZS® 
CCP™ processors and the outside world are possible 
using the 9600 baud software UART described in this 
Application Note. This technique is particularly well suited 
to projects which require asynchronous communications, 

THEORY OF OPERATION 

Essentially, the UART remains in an idle loop until it either 
(a) senses an interrupt request on port P3-1 (Receive), or 
(b) it senses a character in the BUFFER register to be 

but where a hardware UART is cost- or space-prohibitive. 
Designed to be used with the Zilog CCP family, running at 
an 8 MHz clock frequency, this approach requires the use 
of only one counter/timer and two port pins. 

transmitted. Eleven bits in total are counted: one start bit, 
eight data bits, one parity bit, and one stop bit. A typical m 
schematic is provided in Figure 1. 

8.00 MHz 
27pF 27pF 

J:"T ~ ~I 
I -::L-

XTAL 1 XTAL2 

SERIAL SERIAL 
IN OUT 

> P31 P36 

CCP™ SERIES ZB® 

Figure 1. Serial CCP UART 
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RECEIVE MODE 

The UART goes into operation upon sensing a receive 
character via an interrupt (Low-going edge) request on P3-
3. It then prepares to receive one start bit (R10), eight data 
bits (R10), one parity bit, and one stop bit (R10). Subse
quently, it programs the TO timer as a down-counter which 
reaches a terminal count in 0.104 ms. This is the sampling 
rate. The interrupt vector is loaded with the receive subrou
tine address, which is jumped to when an IRQ 4 interrupt 
is generated. This routine decrements the bit counters, 
and rotates the data in register R10. When a byte is 
assembled, it waits for the parity and stop bit, which then 
completes the transfer. 
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TRANSMIT MODE 

SERIAL COMMUNICATIONS USING THE CCP'" 
SOFTWARE UART APPLICATION NOlE 

The UART is ready to transmit at any time, and senses a 
transmit character when BUFFER is not zero. When BUFFER 
is loaded with data to be transmitted, the jump vector is 
loaded with the transmit subroutine address. The counter/ 
timer TO is then loaded for a terminal count at 0.104 ms. 
This is the sampling rate for the transmission. When TO 
times out, an IRQ 4 interrupt is generated. The program 
jumps to the IRQ 4 interrupt routine, and then immediately 
jumps to the transmit routine. The transmit routine decre
ments the bit counter and rotates out the transmit data. 



SERIAL COluucATIONS USING THE cep• 
SonwARE UART APPUCATION NOTE 

;******************************************************************** 
i* 
i* 
;* 
i* 

SERIAL DATATRANSFER APPLICATION FOR CCP-SERIES 
WITHOUT HARDWARE UART. 

* 
* 
* 
* 

;* WRITTEN BY W. MANSFELD, ZILOG GERMANY / feb. 1991/ dec.91 * 
;• * 
:******************************************************************** 
TO VECTOR H: .EQU %20 
TO-VECTOR-L: .EQU %21 
BYTE_BUFF: .EQU %22 ;CONTAINS Rx RETURN BYTE ( RP=20 ) 

SEND A 

TEST_LOOP: 

.ORG 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.WORD 

.ORG 

DI 
LD 
CLR 
LD 
SRP 

LD 
LD 

PORTS 

LD 
EI 

ENDLESS 

LD 
CALL 
JR 

%00 

DUMMY 
DUMMY 
DUMMY 
SER IN 
TO INT 
DuMMY 

%0C 

SPL,#%7E 
SPH 
IPR,#l 
#%20 

P3M,#00000001B 
POlM,#OOOOOlOOB 

O,l,2 NOT USED IN 

IMR, #OOOllOOOB 

;RX BYTE INTERRUPT 
;TO JUMP VECTOR INTERRUPT 

;INT. PRIORITY 
;SET REG. POINTER 
;refer to upper EQU's 

;PORT 3 NORMAL MODE 
;SELECT INTERNAL STACK 

THIS APP. 

;ENABLE TO,RX INT 

BYTE STREAM VIA TX LINE 

R4,#'5' 
SER OUT 
TEST_LOOP 

;ASCII 5 TEST BYTE 
;SEND BYTE 
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SERIAL COlnluNICATIONS USING THE CCP'" 
SOFTWARE UART APPLICATION NO'IE 

;********************************************************************* 
SERIAL RECEIVE ON INTERRUPT PJ,O * 
INTERRUPT WHEN A CHARACTER COMES FROM HOST * 

; input: none * 
:********************************************************************* 
SER_ IN: 

SAVE USED REGISTERS 

PUSH 
PUSH 

PUSH 
LD 

Rl5 
R6 

; TRANSPARENT /DATA BUFFER 
: SERIAL BIT COUNT ++ 

IMR ;SAVE INT. MODE REGISTER 
IMR,#000100008 .;SELECTE TO INT. ONLY 

PUT A DELAY LOOP TO THAT POINT IF BAUDRATE IS BELOW OR 
9600 BAUD, TO REACH MIDDLE OF START BIT BEFORE STARTING 
RX BIT WINDOW 

SERIAL BAUDRATE 
USE TO FOR BIT-CENTRE INTERRUPT 

LD PREO,#OOOOOlllB ;MODIFY PRESCALER PREO 
LD T0,#104 ;BAUD RATE = 9600 / ON SMHz CRYSTAL 
LD TMR,#OOOOOOllB ;START/PRESET TO 

MODIFY TO INT. JUMP VECTOR 

LD 
LD 
LD 
LD 
EI 
LD 
CLR 

R7,#AHB SERIN TO INT 
TO VECTOR H,R7 -
R7:#ALB SERIN TO INT 
TO_VECTOR_L,R7 -

R6,#8 
Rl5 

;READ 8 DATABYTES 
;CLEAR RECEIVESHIFT REGISTER(BUFFER) 

SER INl: 
- CP 

.JR 
LD 

LD 
CLR 

SER IN2: 
- CP 
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.JR 
DI 
AND 
POP 
CLR 
POP 
POP 
IRET 

R6,#0 
NE,SER INl 
BYTE_BUFF,Rl5 

;8 BITS RECEIVED ? 
;WAIT FOR BITS RECEIVED 
;SAVE RX BYTE IN BUFFER 

R6,#l ;READ l STOPBIT 
Rl5 

R6,#0 ;READ DATA DONE? 
NE,SER_IN2 ;WAIT FOR BIT RECEIVED 

TMR,#llllllOOB ;TO OFF 
IMR ; INTERRUPT MASK BACK 
IRQ 
R6 
Rl5 

;RX DONE 



SERIAL COllruNICATIONS USING THE ccp• 
SOFTWARE UART APPLICATION NOTE 

;******************************************************** 
; * OUTPUT A BYTE THROUGH THE SERIAL * 
;* INPUT : R4 CONTAINS TX-DAT * 
;* OUTPUT: R4 HOLDS INPUT DATA * 
;******************************************************** 
SER OUT: 

- SAVE USED REGISTERS 
R5 
R7 
RlO 

;TO INT. VECTOR POINTER LB 
;TX DATA 
:BIT COUNTER 

PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
LO 

IMR 
R4 
IMR,#OOOlOOOOB 

;FOR TO int. ONLY ACTIVE HEREIN 
;SAVE DATA 
;TO int. ON 

SERIAL BAUDRATE, USE TO FOR TIMING 

LO 
LO 
LO 

T0,#104 
PRE0,#00000101B 
TMR,#%03 

BAUD RATE = 9600 
PRESCALER VALUE 1 
LOAD + ENABLE TO 

MODIFY TO INT. JUMP VECTOR FOR TX 

LD R7,#~HB SER OUT TO INT 
LD TO VECTOR H-;-R7 - -
LD R7-;-#~LB SER OUT TO INT 
LD TO_VECTOR_L~R7 - -
EI 

NOW SEND DUMMY 0-bit and one START BIT 

LD 
LD 

SER OUTl: 
- CP 

JR 
LD 
POP 
PUSH 
CHECK 

SER OUT2: 
- CP 

JR 

Rl0,#2 
R7, #11111101B 

Rl0,#0 
NZ,SER OUTl 
R10,#8-
R7 
R7 

IF ALL DATABITS 

Rl0,#0 
NZ,SER_OUT2 

:SEND 2 BIT: 0 + START-BIT 
;VALUE for the 2 bits 

;DONE? 

;SEND 8 BITS OF DATA 
;TAKE DATABYTE FROM STACK 
;CORRECT THE STACK ( PUT BACK 

SENT 

;DONE? 

NOW SEND STOP-BIT 

LD 
LD 

SER OUT3: 
- CP 

Rl0,#1 ;SEND ONE BIT ( STOP BIT ) 
R7,#%FF ;VALUE 

Rl0,#0 ;DONE? 
NZ,SER_OUT3 

TMR,#llllllOOB ;STOP TO 
R4 
IMR ; OLD IMR BACK 
RlO 
R7 
R5 

THAT BYTE ) 

JR 
DI 
AND 
POP 
POP 
POP 
POP 
POP 
EI 
RET ;RET ONLY, WAS NOT AN INT. SERVICE 

11-49 

m 



;************************************************ 
;* TRANSMIT TO INTERRUPT HANDLER * 
;* FOR BIT GENERATION TO P3,7 * 
;************************************************ 
SER_OUT_TO_INT: 

SER_O_TO_INTl: 

DEC 
RR 
JR 
AND 
IRET 
OR 
IRET 

RlO 
R7 
C,SER 0 TO INTl 
P3,#%7F- -

P3,#%80 

;BIT CNT DOWN 
;SHIFT BIT 
;BIT l 
;BIT 0 

;BIT l 

PROGRAMMABLE USE OF TO ( RX or TX ) 

TO_INT: 
JP 

DUMMY: IRET 

@TO_VECTOR_H ;INDIRECT TO int JUMP 
;FOR Tx,RX bit read 

;************************************************ 
;* RECEIVE TO INTERRUPT HANDLER * 
;* FOR BIT READ FROM P3,0 * 
;************************************************ 
SERIN_TO_INT: 
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DEC 
PUSH 
LO 
RR 
POP 
RRC 
IRET 

.END 

R6 
Rl5 
Rl5,P3 
Rl5 
Rl5 
Rl5 

;BIT COUNT 
;SAVE FOR TEMPORARY USE 
;READ THE PORT / BIT Rx 
;CHECK if 0 or l 
;NOW USE AS RECEIVE SHIFT BUFFER 
;SHIFT THE CARRY =O OR l INTO BUFFER 



.2iUd1' 
THE VERSATILE Z86C08: THREE KEY FEATURES 

OF THIS ZS® MICROCONTROLLER 

I f you need DIA conversion, or a zero crossing detector, 
or a current sensing device ... Use the ZB6COB's dual comparator. 

DUAL ANALOG COMPARATOR 

Using the dual analog comparators on the Z86C08 in 
conjunction with several on-chip features, provides a cost 
effective way to monitor power failures and frequency 
excursions (comparator used as a zero crossing detec
tor). as a blood pressure tester and digital readout (com
parator used as a ND converter), or as a current sensing 
device in automotive design to detect and subsequently 
shut off any short circuiting of relays, lights, monitors, etc. 

In many microcontroller applications, the digital designer 
is often concerned with sampling and controlling non
digital elements within the system. However, when the 
designer is forced to deviate from the precise world of TTL 
logic and regulated 5 volt supplies, frequently, microcon
troller architectures and specifications fall short in the 
areas of cost sensitivity and consumer orientation. There
fore, using the analog comparators in these specific areas 
are a few of the reliable, inexpensive design applications 
for the Z86C08. 

Comparator Basics 
The dual comparators share a common inverting terminal 
with non-inverting terminals bonded directly to external 
1/0 ports (Figure 1 ). The comparators are enabled by a bit 
in the 1/0 port mode/control register. If bit D1 of R247 is 
zero, then the comparators are in digital mode. If D1 is one, 
then they are in analog mode. With the comparators 
disabled, the 1/0 ports are available for normal activities. 
These particular 1/0 ports can be used to generate exter
nal interrupt requests to the za•. With the comparators 
enabled, interrupts can also be generated. 

The ideal comparator is a three terminal device (Figure 2). 
V1 is a non-inverting terminal. Signals entering at V2, the 
inverting terminal, exit V our 180° out of phase. Since a 
comparator is essentially an operational amplifier, it has an 
associated gain. The open look gain (no feedback) of a 

comparator is defined as the Voltage Out (V our> over the 
Differential Input Voltage. The Differential Input Voltage is 
the voltage at the non-inverting input with respect to the 
inverting input. Thus gain is: 

GAIN = V 0urfV1 -(V2) =Voltage Out/Differential Input Volt 

The Inset Offset Voltage, the difference between V1 and 
V2, forces V our to a specified level. The Input Offset 
Voltage is typically below 50 mV. 

Zero Crossing Detect Applications m 
The dual comparator can be used as a zero crossing 
detector to monitor 110 VAC (or other power line param-
eters) and its frequency (Figure 3). Each time the voltage 
passes through zero an interrupt is generated. The outputs 
of the comparators on the Z86C08 connect directly to the 
on-chip CPU. When using the comparators to detect zero 
crossing of the signal, interrupts are generated at every 
crossing of a signal, interrupts are generated at every 
crossing. Interrupt subroutines can then calculate period 
and phase angle relationships between any two analog 
signals. The phase angle being critical when calculating 
power factor in power line circuits. 

In the case of 110 VAC, 60 Hz power line, an interrupt is 
generated every 1/120 of a second. This means that 
whenever the monitor stops (no interrupts), there is a 
power fail or other problem which can be translated by a 
control device recovery action (Figure 4). 

Frequency checks can also be made by zero crossing 
detection. Whenever frequency drifts from the normal 
monitoring zero points, interrupts are either increased 
(higher frequency) or decreased (lower frequency) from 
the norm. If necessary, appropriate action is then taken. 
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Zero Crossing Detect Applications (Cont'd.) 
Another application is threshold detection for low voltage 
battery operated devices. Whenever the VBB drops below 
the Zener reference voltage level, an interrupt is generated 
to alert a control device or alarm. 

The addition of two on-chip counter/timers further comple
ment the above mentioned applications. Crystal precision 
timing is done on the period of zero crossings. The sum or 
differerice of two separate analog signals can then be 
calculated. For example, negative or positive feedback is 
returned from the Z86C08 in closed loop calculations. In 
power circuits, a time-of-day clock could be implemented 
with a timer. Then, date arid time of power failures and 
frequency excursions can be recorded. CMOS technol
ogy allows for battery backup. 

Analog to Digital (AID) Conversion 
Accurate low speed ND conversion is implemented with 
the Z86C08 using the dual slope or ratiometric method. 
With this method, a dv/dt is applied to the inverting terminal 
of a comparator. The analog input (V,NPur> signal is applied 
to the non-inverting terminal. The charge rate of the RC 
circuit is a dv/dt (Figure 5). As V REF ramps upward from zero 
volts during time T1, V REF will exceed V1NPur· This causes the 
comparator to change state and produce an interrupt. By 
using the on-chip timer, time T1 can be quickly deter
mined. 

The RC circuit is immediately discharged over fixed time 
T2 (Figure 6), where T2 is determined by the time constant 
Tc= RCn. Since the product of RC is only an approximate 
indicator of discharge time, a value of n should be multi
plied to improve accuracy. A general guideline should 
equate n to 1.4. Then, T2 = 1.4 RC. The dual slope AID 
converter measures voltage by converting voltage into 
time intervals. Or, 

T2/T1 = v,NPu/YReF• then, v,NPur = VREF = T2/T1 

By using an 1/0 port on the Z86C08 as the VREF input, 
interrupts generated by the comparators can alternately 
switch V REF ON or OFF to perform the conversions. 
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Example: Blood Pressure Tester 
A pressure transducer in a blood pressure tester is a good 
example of the dual slope AID conversion method. A 
minimum system consists of display logic, Z86C08 cir
cuitry and a transducer signal input (Figure 7). POO outputs 
the appropriate signal to the RC ramp circuit of the VREF 
input. The output from the pressure transducer (Figure 8) 
is a linear voltage response to the applied pressure. This 
signal is input to An2, the non-inverting terminal of the 
comparator. 

In this configuration, the sampling cycle for the AID con
version begins when a logical 1 is output on POO and a 
timer is enabled. When the comparator transitions, an 
interrupt is generated, the timer is stopped and POO is 
toggled to discharge the RC circuit. By storing the count T1 
and resetting the timer, the converter is now ready to take 
another sample. The value of V,N is mathematically deter
mined later and software algorithms are used to determine 
corresponding pressure. 

The display is driven from a simple multiplexer circuit. The 
Z86C08 can sink large loc currents which reduces or 
eliminates buffering. 

Current Sensing 
The dual comparator is used as a current sensing device 
in many application areas, e.g., in automotive relays, 
lights, monitors, etc. In the automotive arena, current 
sensing is used in a typical case as shown in Figure 9a. If 
the functional block shorts, then current (I) surges causing 
voltage (V) to fall. When V reaches 2.5V, the comparator 
triggers an interrupt which allows software to enable an 
emergency shut off. 
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P31 (AN1) 

P32 (AN2) 

P33(REF) 

R247: P3M 

cf>v- IRQ3 
u-~~-~~~~~-IRQO 

0 

Figure 1. Dual Analog Comparator 
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Figure 2. Ideal Comparator 
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Zero Crossing Detect Applications 
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Figure 3. Zero Crossing Detector 
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Figure 4. ln.terrupt After Power Failure 
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Analog to Digital (AID) Conversion 
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Figure 5. AID Converter 
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Figure 6. Voltage vs. Time 
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Blood Pressure Tester 
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PZO 
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•• Enables Olastollc/Systollc Segments 
*** 7 segment enable lines 
**** Selects Diastollc/Systolic Segments 

0 
+5V 

Figure 7. AID Blood Pressure Test and Readout 
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SPAN 
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Figure 8. Silicon Pressure Transducer 
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Current Sensing 

2.5 v 

R2 

Note: 

r------------· r 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 
I 
I Pxx 

I 
I 
I 
I 

L-------------1 

Figure 9a. Current Sensing 

OUT 

Emergency 
Shutoff 

R is large compared to the equivalent impedance of the 
Functional Block input. R 1 and R2 are user-selectable and 
are generally in a 10K to 100K range of power dissipation 

considerations. R1 and R2 are determined from the follow
ing formula (Figure 9b.). 

Vref 

R2 

R1 R1 + R2 

Figure 9b. Power Dissipation Formula 
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THE Z86C08 CONTROLS A 
SCROLLING LED MESSAGE DISPLAY 

D isplay text and graphics while scrolling the LED message with a minimum of hardware 
The characters are displayed using a time-division multiplex technique with more than 
six characters easily added by software. 

INTRODUCTION 

Designed around the Zilog Z86C08, 18-pin microcontrol
ler, this LED display is capable of displaying text as well as 
graphics, with hardware being kept to a minimum. The 
present design is configured to display u to six characters, 
but additional characters are easily added with minimal 
software changes. 

The display uses a TDM (Time-Division Multiplexed) tech
nique to display the characters. That is, each character 

THE HARDWARE 

The Z86C08 (Figure 1) uses Port 2 for the row data and 
clocks the column data out of Port 0. PNP transistors are 
used to drive the rows, since the Z86C08 cannot source 
the required current directly. The characters are displayed 

segment is turned on for a few hundred microseconds at 
a time, then is 'refreshed' every 18 ms. 

For demonstration purposes, the software routine displays 
the time in hours, minutes, and seconds. Once every sixty 
seconds, a 'secret message' scrolls across the display. 
Then, after the message is displayed, the program reverts 
back to displaying the time. 

in a 5x7 format, so only seven lines are needed out of Port 
2. A logic Low turns on the transistors, while a logic High 
turns them off. 
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THE HARDWARE (Continued) 
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Figure 1. Z86C08 Circuit Functions 
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The columns are driven by six 74HCT164 shift registers 
(Figure 2). The 74HCT164s do not have the necessary sink 
capability to drive the LEDs, so the outputs of the shift 
registers drive six 75492 high-current buffers. These are 
capable of sinking 250 mA per pin continuously, with 
instantaneous current per column approaching 1.5 A. 

__f}1 
vcc 
T14 

Z86C08 SCROWNG LED MESSAGE 
DISPLAY APPLICATION NOlE 

Each 7 4HCT164 drives six columns; five character seg
ments, plus one space. The last Q output from the shift 
register is then fed to the DATA input of the next shift 
register, while all CLEAR and CLOCK lines are wired in 
parallel. 

Hyp.(STol) __f}1 
vcc 
T14 

> om 1 r--JJ Data L ,. p p 
... Clod< 74HCT164 Clock 2 74HCT164 , 

8 Shift Register """7J Shift Register 
ci- 8 .... Clear 

9 7J" Clow 
9 

3 4 5 8 10 11 3 4 s 8 10 11 
t-----' 

14 2 5 8 10 12 VCC 14 2 5 8 10 12 vcc 

75492 ~ 
Ir: 75492 0f 

4 High-CUnant Buller 4 High-CulTlllll Buller 
-±=" '-' -±=" - 1 3 6 7 0 13 1 3 8 7 g 13 

~ 
!di .. RowO ..8 IJJ b;i 1'3 b;f * ~I ig· bl ~I ~ RowO , 

~ ~ l,:i b;3 ,,., I~ ~ ~ ~ 
...... ... Row1 ~ b:I la Rooo1 -.. Row2 :J!f ~ LN' I~ ~ I~ r, ~ ~ ~ D:i 1':l 1"1 Row2 _,,,_ , 

.'II b:I I~ b1 l:s.'1 ~ ~ ~ li1 ..... Row3 ~ b:I jg Row3 .... .. Row4 A li3 ~ li3 li3 ~ 111 111 l,:J I~ 1"1 
..... 

Row4 
~ , 

~ 1"1 ~ I~ ~ I~ * ~ ~ ~ ~ '*" .. Rows Rows -~ 53 IJll 18 i,;r 1,;i "1 ~ jgl ~ 
..... .. Row& IE IJil' Row& -, ...... 

Figure 2. LED Circuitry 
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THE HARDWARE (Continued) 

To scan the display, a logic 1 is output at P0-2. Next, P0-
1 is taken High, then immediately taken Low, along with P0-
2. This clocks a logic 1 into the first shift register (column 
1 ). Next a character segment is output at P2. The transis
tors that are turned on will source current for the LEDs with 
the column providing a sink path. The columns are left on 
for about 500 µsand then turned off. Now, the column data 

THE SOFTWARE 

The initialization part of the program configures the ports, 
timers, interrupts, etc. The size of the display buffer (FIFO) 
is determined by the number of columns in the display. The 
bottom of the display buffer starts at 20H. The upper limit 
of the display buffer can extend to ?OH. This translates into 
a sixteen-character display. There is no need to have a 
display buffer larger than the display itself, since only that 
many characters can be viewed at a time. A power-up, the 
display is configured for showing the time. 

The flowchart for the display appears in Figures 3a and 3b. 
To keep time, the internal clock was divided down by TO to 
provide an interrupt every 5 ms. The interrupt routine 
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is shifted one and a new character segment is output. After 
the last column has been scanned, the display is 're
freshed" starting at the first column again. 

To set the time, two push-button switches are connected 
to Port 3 to adjust the hours and minutes. 

increments a counter, and when 200 counts is reached, 
the seconds register is incremented by one. Also, when 
ten seconds is reached, tens-of-seconds is incremented. 
This counter continues to increment minutes, tens-of
minutes, hours, and tens-of-hours. Upon power-up, the 
display shows 12:00. When it is around 9:00, the leading 
hours digit is blanked. Time is adjusted by two push-button 
switches. When pressed, one increments the minutes 
register every second, while the other increments the 
hours register every second. The time data is stored in 
locations 09H-OEH. 



l!i!lalza!ion 
1. Load TO for TC of 5 ms (Time) 
2. Load THor TC of .5 ms (Scan) 
3. load Hours and Mll'llles with 12:00 
4. Load Buller (FIFO) With Hours, Minutes 

and Seconds Segment Data 
5. T akt Data and Resel Lines High 
6. Take Clock Une Low 
7. Enable ln~ts 

Wait for 
lntern..,ts 

llme lntemip! SeMce Roulne 

No 

Figure 3a. Display Flowchart 
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1. Increment Minutes 
2. Clear Seconds 

t. Set Hours to 01 
2. Convert Time lo ASCII 
3. Load ASCII Data In Bulfer 

Return From 
Time Intern¢ 

Increment 
Hours 
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THE SOFTWARE (Continued) 

No 

No 

No 

1. LoadNeal ASCI ...._..lnllutlar 
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2. SH11 FFO Dllll 

1. Giit lime trio 
2. CamMll Time Data 

Into ASCII Sagmenls 
3.1.oad Segmenl Dita 1n1D FFO 
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Figure 3b. Display Flowchart 
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2. TIM Clack U• lflgh 
a Take Clock a Diii u ... Low 
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At sixty-second intervals, the time display is blanked, and 
the internal message is scrolled across the display. The 
message is stored in an ASCII format. The individual ASCII 
characters index a look-up table, which converts the 

characters to a 6x7 format (first segment is a space). The 
software checks to see if all of the segments have been 
indexed at the beginning of the scan. If so, it then indexes 
the next character (Figures 4a and 4b). 

4111 

J 
0000000000000000000• -· 
0 0 0 0 O 0 0 0 0 0 O O O O O O O o o o Rawe 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Aaw4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Aaw3 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Rawl 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • Aawt 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • -G 
c 
0 
L 
85 

c 
0 
L 
31 

c 
0 
L 
35 

Scln2 

1•1+18111 

8Cln3 

T,.... 

c 
0 
L 
0 

0000•• 
000000 
000000 
000000 
00000• 
ooooeo 
0000•• 

c 
0 
L 
0 

ooo••• 
000000 
000000 
00000• 
ooooeo 
oooeoo 
ooo••• 

c 
0 
L 
0 

Figure 4a. Scrolling the Letter Z. 
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THE SOFTWARE (Continued) 

For scrolling messages, the display buffer acts like a FIFO 
(First In -First Out). The FIFO is cleared at power-up. When 
the internal message is being indexed, the character 
segments are queued up in the FIFO. The FIFO size is 
determined by the size of the display. At the end of each 
scan, the next character segment is indexed, and is stored 
at the bottom of the FIFO. The character segments are then 
shifted up the FIFO one location. This process continues 

Typical 

until the entire message is displayed. At this time, a 0 is 
loaded into the FIFO at the beginning of each scan allow
ing the columns trailing the message to blank out. As the 
display is being scanned, the byte at each FIFO location is 
output at P2 as each column is turned on. The scrolling 
effect is created by shifting the FIFO data at the start of 
each scan (Figure 5). 

43H 4SH 4911 SIH 

oo•••• 
000000 
00000• 
ooooeo 
oooeoo 
ooeooo 
oo•••• 

l•t+54ms 
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oeoooo o••••• 

Figure 4b. Scrolling the Letter Z. 
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Figure 5. Shifting FIFO Data 
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Z86C08 SCRoWNG LED MESSAGE 
DlsPLAY APPLICATION NO'lf 

LIIE# -- S<XJltCE --

00000000000000010 
abs 00000000 
abs CJOOOOOOl 
abs 00000000 
abs CJ0000002 
abs CJ0000004 
abs 00000005 
abs 00000006 
abs CJ0000007 
abs 00000008 
abs 00000009 

000000000000000 
abs 00000005 
abs 00000006 
abs CJ0000007 
abs 00000008 
abs 00000009 
abs OOOOOOOa 
abs CJOOOOOOb 
abs llOOOOOOc 
abs OOOOOOOd 
abs oooooooe 
abs OOOOOOllf 

000000000000000 
000000000000000 
000000000000000 
0000000000000007 
0000000000000008 
000000000000000 
000000000000000 
OOOOOOOOOOOOOOOb 
000000000000000 
000000000000000 
000000000000000 
00000000000000020 

1 ;*****************************************************************************; 
2 ; 
3 ; rhis is a scrollinq LED display routine usinq the Zilog Zl6a13, 'Cl 7 
4 ; 18-pin CMOS processor. The processor's P2 port outputs the row data, and 
5 ; the colon data is clocked out of PO into cascaded shift registers. It 
6 ; bas a real-tiae clock in software, and displays the time in hours, ain-
7 ; utes, and seconds. At every 60-secoDd interval, it blanks the screen and ; 
8 ; displays an internal aessaqe. Tbe ESSage is stored in ROil, and can be up ; 
9 ; to 127 characters in lenqtb. After scrollinq the aessage, the progru re- ; 

10 ; sllleS the time display, until the next 60 seconds. ; 
11 ; The size of the display is 36-oolUlllS lonq, enouqb to display sh char- ; 
12 ; acters. The display can be 1ade longer, but the refresh tite 1ay need ad- ; 
13 ; justinq to elilinate flicker. CUrrent refresh tiae is 500 aicroseconds, 
14 ; usinq a crystal frequency of 8.00 MBz. ; 
15 ; Tbere are two pushbutton swi tcbes tbat are read to adjust the hours and ; 
16 ; ainutes. On power-up, the display vill sbow 12:00. 
17 ; rhis progru was written by Don OVen levquist on 12-1-91. ; 
18 ;111tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt; 

19 DK UC .equ lOh 
20 acldNss bi .equ ro 
21 address -lo .equ rl 
22 address - • equ rro 
23 pointer .equ r2 
24 zero count .equ r4 
25 tap) .equ r5 
26 tup_2 .equ r6 
27 teap_3 .equ r7 
28 col count .equ rs 
29 seq -count .equ r9 
30 Tnii UC .equ OOb 
31 lillisec .equ r5 
32 seconds .equ r6 
33 ainutes .equ r7 
34 hours .equ r8 
35 seconds lo .equ r9 
36 seconds-bi .equ rlO 
37 ainutes -lo .equ rll 
31 ainutes-bi .equ rl2 
39 bom:s lo .equ r13 
40 bom:s -hi .equ rl4 
41 SW coUnt .equ r15 
42 S!llus .equ t04 
43 KILLIS.: .equ t05 
44 SllXllllS .equ t06 
45 KillJTBS .equ to7 
46 BOORS .equ t08 
47 SllXllllS LO .equ l09 
48 SllXllllS-III .equ toa 
49 KIIUTE(LO .equ lOb 
50 llillJTES_llI .equ lOc 
51 llOOllS LO .equ lOd 
52 llOOR(HI .equ lOe 
53 BtJFFIR • equ l20 
54 ; 
55 ; 
56 ; 
57 ; 

STATUS UC: d4 d3 d2 ell dO 

I I I I J_ displayinq aessage 
_ buffer cleared 



~2il.!16 Z86C08 SCROWNG LED MESSAGE 
DISPLAY APPLICATION NOTE 

58 ; 

l I 
I __ end of message 

59 ; I.in sv pressed 
60 ; brs SV pressed 
61 ; 

00000000 62 .org 00 
00000000 0000 63 .word 00 
00000002 0000 64 .word 00 
00000004 0000 65 .word 00 
00000006 0000 66 .word 00 
00000008 llvVV 67 .word tie 
oooooooa WWW 68 .word shift 
OOOOOOOc 69 .org OOOCll 

70 ;*****************************************************************************; 
71 ; lni tialization 
72 ;*****************************************************************************; 

OOOOOOOc 3110 73 init: srp #ll>RK_RIG 
OOOOOOOe Sf 74 di ; disable int 
OOOOOOOf e6f464 75 ld tO,#t64 ; 100 deciul. 
00000012 e6f5c9 76 ld preo, 111001001b ; set to for s IS period 
00000015 e6f27d 77 ld tl,1125 
00000018 e6f313 78 ld prel, IOOOlOOllb ; set t1 for .5 IS period 
OOOOOOlb e6f600 79 ld p21,IO ; outputs on p2 
OOOOOOle e6f701 80 ld p31,ll ; active on p2 
00000021 e6f800 81 ld p011,#0 ; outputs on pO 
00000024 bOOO 82 clr pO ; pO lov 
00000026 bOef 83 clr SV COUDt ; sv count= o 
00000028 e6f908 84 ld ip?, IOOOOlOOOb ; lake irq5 > irq3 
0000002b e6fb30 85 ld i1r,"30 ; enable irq4 ,irqS 
0000002e e6fUO 86 ld spl,#UO ; set stack pointer m 00000031 e6f10f 87 ld t1r,l\Of ; load and enable counters 
00000034 2c04 aa ld pointer,#t04 ; point to tile regs 
00000036 fCOC 89 ld r15,ll2 ; six locations 
00000038 ble2 90 clear_ reg: clr @pointer ; clear ru 
0000003a 2e 91 inc pointer 
0000003b fafb 92 djnz rl5,clear _reg ; continue until all zero 
0000003d df»im' 93 call clear buffer ; clear buffer 
00000040 e60812 94 ld llOOllS~IU2 ; start tie at 12:00 
00000043 df»im' 95 call load tie ; load starting tie 
00000046 2C20 96 ld pointer ,#BUFFER ; start at top of buffer 
00000048 e60003 97 ld pO ,#OOOOOOllb ; take data and clear hi 
0000004b 9f 98 11ain _loop: ei ; enable interrupts 
0000004c 8bfd 99 jr aain_loop 

100 
101 :*****************************************************************************; 
102 ; This interrupt routine updates the tile 
103 :*****************************************************************************; 

0000004e 70fd 104 tie: push rp ; save current reg pointer 
00000050 3100 105 srp ITillB RIG ; point to ti1e reg group 
00000052 d61lWV 106 call test sv ; look at ti.le-set svi tcbes 
ooooooss 5e 107 inc lillisec ; incruent lillisec reg 
00000056 a6e5c8 108 cp lillisec,#200 ; one second? 
00000059 7dllwv 109 jp ult ,exit_ tie ; exit if not 
0000005c bOe5 110 clr lillisec ; set to zero 
0000005e 760408 111 tJ SUTIJS, IOOOOlOOOb ; sv 1 pressed? 
00000061 6b** 112 jr z,test_sv2 ; no 
00000063 060701 113 add llIIUTBS, 11 
00000066 4007 114 da KIIUTBS ; convert to bed 
00000068 a60760 115 cp KIIUTBS,lt60 ; sixty mutes? 
0000006b 7b** 116 jr ult, inc_ seconds 
0000006d b007 117 clr llIIUTE.S 
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0000006! lb** 
00000071 760410 
0000007 4 6b** 
00000076 060801 
00000079 4008 
0000007b a60ll3 
0000007e 7b** 
00000080 e60I01 
00000083 06e601 
00000086 40e6 
ooooooaa a~ 
OOOOOOlb 71>** 
ooooooad 460401 
0000009Q bOe6 
00000092 06e701 
00000095 40e7 
00000097 a6e760 
0000009a 71>** 
0000009c b0e7 
0000009e 06e&Ol 
OOOOOGa1 408& 
0000Cl0a3 a6ell3 
00000Da6 7b** 
ooooooa& ac:o1 
ooooooaa d6llwv 
OOOOODad d6llm 
OOOOOOllO 50fd 
000000b2 bf 

000000b3 e40609 
000000b6 e4060a 
OOOOOOll9 !i6090f 
OOOOOObc fooa 
OOOOOObe 5liOaOf 
OOOOOOcl e4070b 
OOOOOOc4 e4070C 
000000c7 560bOf 
OOOOOOca fOOC 
OOOOOOcc 560c0f 
OOOOOOcf e40IOd 
OOOOOOd2 e40IOe 
OOOOOOd5 560dOf 
OOOOOOda tooe 
OOOOOOda !i60eOf 
OOOOOOdd af 

OOOOOOde 70fd 
ooooooeo mo 
OOOOOOe2 aC09 
OOOOOOe4 bc20 
OOOQOOe6 e3ca 
ooooooea OC** 

118 jr 
119 test_sv2: ti 
120 jr 
121 add 
122 da 
123 cp 
124 jr 
125 ld 
126 inc_sec:onds: add 
127 da 
128 cp 
129 jr 
130 or 
131 clr 
132 add 
133 da 
134 cp 
135 jr 
136 clr 
137 set_brs: add 
131 da 
139 cp 
140 jr 
141 ld 
142 eiit_ti1e: call 
143 call 
144 pop 
145 iret 
146 

inc seconds 
SUfos,#OOOlOOOOb 
z ,inc_ seconds 
HODJS,#1 
HOUIS 
HOllJS,#U3 
ult,inc -seconds 
llODJS,#1 
seconds,#1 
seconds 

seconds·"'° ult,exit t.i:le 
STl!llS ,#Ooooooolb 
seconds 
lillutes,11 
mutes 
mutes,#160 
Ult ,exit t.iJle 
mutes -
bours,#1 
hours 
bours,IU3 
ult ,exit_ t.iJle 
hours,11 
tile CODTert 
loa(t.i:le 
rp 

Z86C08 SCROWNG LED MESSAGE 
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; sv 2 pressed? 
i DO 

; 1:00? 

; increlent sec 
; COnTert to bed 
; sixty seconds? 
; DO 

; set 1maqe flag 
; set to zero 
; inc mutes 
; CODTert to bed 
; sixty llinutes? 
; not yet 
; set to zero 
; inc hours 
; contert to bed 
; 1:00? 
; exit 
; set to 1:00 
; CODTert to indi Ti dual cbars 
; load aev values into bUffer 
; return to oric;i reg pointer 
; return fro1 int 

147 ;****************************************************************************; 
148 ; This routine CODTerts tile seconds, llinutes, and hours bed 
149 ; data into units llld tens-of-units for displaying ; 

150 :****************************************************************************: 
151 tile -CODTert: ld SlallllS _ID ,sm>ms ; transfer contents 
152 ld Sm>ml HI ,SBCXllDS 
153 and Sm>ml-ID,#tof 
154 svap Sm>ml-HI 
155 and SlallllS -II ,#tof 
156 ld llIIURfID,mll!IS 
157 ld IIIU!IS -II ,llillJ!IS 
158 and l!IIU!IS-ID,#tOf 
159 snp IIIU!IS-II 
160 and l!IIU!IS-II,#tOf 
161 ld HOUIS ID,llOOIS 
162 ld IKlOIS -II ,BOOIS 
163 and BOOIS-ID,UOf 
164 svap llOOIS-III 
165 and HOOIS-llI,#tof 
166 ret -
167 

; keep only lover bi ts 
; svap nibbles 
; keep only lover bits 
; transfer contents 

; keep only lover bi ts 
; svap nibbles 
; keep only lover bits 
; transfer contents 

; keep only lover bits 

; keep only lover bits 
; return 

168 :*****************************************************************************: 
169 ; This subroutine loads tile t.iJle data into tile IWI buffer ; 

170 ;*****************************************************************************; 
171 
172 load_ tie: 
173 
174 
175 
176 load_ table: 
177 

push 
srp 
ld 
ld 
ld 
ld 

rp ; save current reg pointer 
#llOiK ltlG ; point to working reg 
rlO,#i09 ; load starting tile reg 
rll, IBOPPD ; load starting buffer reg 
rl2,@rl0 ; load contents 
address_ hi ,#"bb lllllber _table; load bi address of table 
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ooooooea let* 
OOOOOOec a6tdl0 
OOOOODef 6b*• 
OOOOOOfl aoeo 
000000f3 aoeo 
OOOOOOf5 aoeo 
000000f7 aoeo 
000000f9 aoeo 
OOOOOOfb aoeo 
OOOOOOfd caf2 
OOOOOOff CC06 
00000101 cJbO 
00000103 cafc 
000001~ ae 
00000106 a6ea0f 
00000109 7bdb 
OOOOOlOb e62b3a 
OOOOOlOe e6373a 
OOOOOlll a6oeDO 
00000114 eb** 
00000116 acoo 
00000118 bc3e 
OOOOOlla cc05 
OOOOOllc flba 
OOOOOlle be 
OOOOOllf cafb 
00000121 50fd 
00000123 af 

00000124 a803 
00000126 60ea 
00000128 56ea03 
0000012b 760301 
oooooue 6b** 
00000130 fe 
00000131 a6ef02 
00000134 71>** 
00000136 460403 
00000139 lb** 
0000013b 760304 
0000013e 6b** 
00000140 fe 
00000141 a6ef02 
00000144 7b** 
00000146 460410 
00000149 af 
0000014a 5604e7 
0000014d bOef 
0000014f af 

00000150 70fd 
00000152 3110 

Z86C08 SCROWNG LED MESSAGE 
DISPLAY APPLICATION NOTE 

178 ld address_lo,#'l.blllllber_table; load lo address of table 
179 cp rU,#0 ; is it zero? 
180 jr eq,no_indez ; if yes, don't step tm:u table 
181 indeI _mm: incv address : step tbru table 
112 incv address 
183 incv address 
184 incv address 
185 incv address 
116 incv address 
187 djnz rU,iDdez_DUI ; iDdeI if not zero 
181 DO indeI: ld rl2,#6 ; load no of secjlll!llts 
m load_ti1e_req: ldci @rll,@address ; load into reg 
190 djnz rl2, load_ ti1e _reg ; keep going if not zero 
191 inc rlO ; inc req location 
192 cp IlO,#tOf ; at ending reg? 
193 jr ult, load_ table ; go aqain 
194 ld \2b,U3a ; put colon bere 
195 ld \37,#lla ; and bere too 
196 cp llOOJS _RI, #O ; zero? 
197 jr ne, load_ tite _ ret 
198 ld rl0,#0 ; load zeros on last 5 coluns 
199 ld rll,l\Je ; starting bere 
200 ld rl2,#5 ; blank out leading zero 
201 leadiDg_loop: ld @rll,rlO 
202 inc Ill ; blank last five colDDS (brs) 
203 djnz rl2,leadiDg_loop ; step tbru ru 
204 load_ti11e_ret: pop rp ; return to tile regs 
205 ret ; return to caller 
206 m 207 
208 :*****************************************************************************: 
209 ; This subroutine checks to see if tbe tile-set svitcbes are pressed. 
210 :*****************************************************************************; 
211 test_sv: ld rlO,p3 ; load sv data 
212 COii rlO ; l 'S CO!lpleJeDt 
213 and rl0,#03 ; lliSk off upper bits 
214 tll pl,11 ; llin pressed? 
215 jr z,test_brs ; DO 

216 inc sv count ; inc counter 
217 cp sv= count,#2 ; debouncd? 
218 jr ult,ezit_sv ; not yet 
219 or StlTUS, #00001000b ; set bit 
220 jr e.zit SW ; e.zit 
221 test_brs: tll p3,#4 ; hrs pressed? 
222 jr z,clear_sv ; DO 

223 inc sv count ; inc debounce counter 
224 cp sv=count,#2 ; deboUDCed? 
225 jr ult,exit _sv : not yet 
226 or StlTUS,#OOOlOOOOb ; set bit 
227 exit sv: ret ; return to caller 
221 clear_ sv: and STATUS, I lllOOlllb : reset sv status bi ts 
229 clr sv count ; reset debounce counter 
230 ret ; return 
231 
232 ;*****************************************************************************; 
233 ; This is tbe tilleI interrupt routine. lihen Tl bi ts TC, colUllD data is ; 
234 ; shifted one. 
235 ;*****************************************************************************; 
236 sbift: push rp ; sne req pointer 
237 srp #l«lRK _ UG ; point to working reg 
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APPENDIX (Continued) 

00000154 2e 
00000155 le 
00000156 a6e&24 
00000159 71>** 
0000015b bOe& 
0000015d 2c20 
0000015f 460002 
00000162 760401 
00000165 61>** 
00000167 d61iwv 
0000016a lb** 
0000016c d6ROOO+oode, 
0000016f e352 
0000017l 60e5 
00000173 5902 
00000175 460004 
00000171 560001 
ooooom 50fd 
0000017d bf 

0000017e 760402 
00000181 eb** 
ooooom d6lln1I 
00000116 460402 
00000189 OC** 
OOOOOllb let* 
0000018d d61IWv 
00000190 9c06 
00000192 lb** 
00000194 a6e900 
00000197 eb** 
00000199 760404 
0000019c 6btt 
0000019e 6cOO 
00000110 d6lln1I 
OOOOOlaJ 4e 
00000la4 a6e424 
000001a7 7b** 
00000119 IJ004 
OOOOOlab b0e4 
OOOOOlad lb** 
OOOOOlaf 9c06 
OOOOOlbl aOtO 
OOOOOlbl d61iwv 
00000lb6 c26c 
0000011>& d6llw1I 
0000011>1> aoec 
OOOOOlbd OCle9 
OOOOOlbf af 

OOOOOlCO fc24 
00000lc2 2c20 
000001c4 e372 
00000lc6 f326 
00000lc8 6&e7 
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238 inc 
239 inc 
240 cp 
241 jr 
242 clr 
243 ld 
244 or 
245 test_flaq: u 
246 jr 
247 call 
241 jr 
249 continue: call 
250 load_rov: ld 
251 COi 
252 ld 
253 cloct_it: or 
254 and 
255 pop 
256 iret 

pointer 
col count 
co(count,#36 
ult,test_flag 
col count 
poiiiter I #BIJFPER 
pO,#OOOOOOlOb 
STJ.TDS I #OOOOOOOlb 
z,continue 
load_ aessaqe 
load row 
load-ti1e 
1:elp) ,@pointer 
teap 1 
p2,telp_l 
pO,#OOOOOlOOb 
pO, #OOOOOOOlb 
rp 

Z86COS SCROWNG LED MESSAGE 
DISPLAY APPLICATION NOTE 

; point to next location in ru 

; tbirty-sil COllllllS? 
; end of screen? 
; reset col DUlber 
; start at beginninq of buffer 
; take data line hiqb 
; tile to scroll aessaqe? 
; no, display ti1e 
; load aessaqe data 
; load row data 
; qet tiae data 
; load contents 

; out to port 
; take clock hi 
; take clock and data low 
; restore reg pointer 

257 ;ttttttHHttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt; 
25& ; This routine loads tlle aessage into tlle buffer ; 
259 ;ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt; 
260 load_aessaqe: u STl!llS,#OOOOOOlOb ; clear buffer? 
261 jr DZ ,reg_ scroll 
262 call clear buffer ; clear contents of buffer 
263 or STuoS,#OOOOOOlOb ; set bit 
264 ld address_ hi I #Abb leSS - beg 
265 ld address_ lo, #Alb aess _beg 
266 call get ascii ; get first character 
267 ld seq_ count ,#6 ; start out with six segs 
268 jr load_ nert _seq ; 
269 reg_ scroll: cp seq_ count, #0 ; sil Sl!Cjll!llts loaded? 
270 jr ne,load_nert_seq ; DO 

271 u STl!llS, #00000100b ; end of aessaqe? 
272 jr z, load_ next_ char ; load next ascii char 
273 ld teap_2,#0 
274 call load fifo ; load data 
275 inc zero-count ; inc no of locations cleared 
276 cp zero =count, #36 ; 36 locations yet? 
277 jr ult,scroll _retUID ; load Sl!Cjll!llt data 
27& clr STA!OS ; display ti.le nov 
279 clr zero count ; clear collllter 
280 jr scroll ret11I11 ; ret11I11 
281 load_ next_ cbar: ld seq_ coiint,#6 ; load 6 seqaents/cbaracter 
282 incv address ; point to next ascii char 
283 call qet_ascii ; get next cbaracter 
284 load_nert_seq: ldc 1:e1p_2,@rr12 ; load seq froa ascii table 
285 call load_fifo ; shift tlle data 
286 incv rr12 ; point to next seq in table 
217 dee seq count ; decrelent seqaent count 
288 scroll _ret11I11: ret 
289 
290 ;ttttttttttttttttttttttttttttttttttttttttttttttttHttttttttttttttttttttttttttt; 
291 ; This subroutine loads and shifts the RU buffer ' 292 ;ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt; 
293 load_ fifo: ld rl5,#36 ; load nUlber of collllllS 
294 ld pointer, #BllFPER ; load starting buffer reg 
295 shift_fifo: ld telp _ 3 ,@pointer ; qet data 
296 ld @pointer, teap _ 2 ; load new data 
297 ld teap_2,teap_3 ; transfer bytes 



OOOOOlca 2e 
OOOOOlcb faf7 
OOOOOlcd af 

OOOOOlce cc** 
OOOOOldO de** 
00000ld2 c2ea 
00000ld4 a6ee00 
00000ld7 eh** 
00000ld9 460404 
OOOOOldc lb** 
OOOOOlde 26ee20 
OOOOOlel a6ee00 
00000le4 6b** 
OOOOOle6 aoec 
000001ea aoec 
000001ea aoec 
000001ec aoec 
000001ee aoec 
OOOOOlfO aoec 
00000lf2 eaf2 
00000lf4 af 

000001!5 fc24 
00000lf7 2c20 
00000lf9 ble2 
OOOOOlfb 2e 
OOOOOlfc fafb 
OOOOOlfe af 

00000200 
00000200 
00000200 5448495320444953 
00000208 504C415920495320 
00000210 504f57 4552454420 
00000211 4259205a494c4f47 
00000220 2100 

00000280 
00000280 
00000280 000000000000 
00000286 0000007d00 
0000028b 000070007000 
00000291 00147f147fl4 
00000297 00122a 7f2a24 
0000029d 006264081323 
000002a3 003649350205 
00000219 000000700000 
000002af 00lc22410000 

Z86C08 SCROWNG LED MESSAGE 
Dtsi>LAY APPLICATION NOlE 

298 
299 
300 

inc pointer 
djnz rl5,sllift_fifo 
ret 

; nert bllffer address 
: load all colDlllS 
: retum to caller 

301 :*****************************************************************************; 
302 ; !his subroutine indeJ:es tbe cbaracter table and fetdles tlle &eq11111t data. : 
303 ;*****************************************************************************; 
304 get_ ascii: ld rl2, t•bb cbar _table ; load start.incJ add of table 
305 ld rl3,f•lb cbar _table 
306 ldc rl4,@rrlO ; load ascii data 
307 cp rl4,f0 ; end of ll!SSICJe? 
308 jr ne ,load_ nut : DO 
309 or STl!llS,fOOOOOlOOb : set bit to ark 11eSS end 
310 jr lleSS return ; return 
311 load_nert: sub ru,#120 : subtract 20b 
312 cp rl4,f0 : is it a space? 
313 jr eq,lleSS _retlllll ; if yes, don't iDdeJ: table 
314 indeI _table: incv rrl2 : indeI table 
315 incv rrl2 
316 incv rrl2 
317 incv rr12 
318 iJlcv rrl2 
319 incv rrl2 
320 djnz rl4,i.ndeI_ table : keep going if not zero 
321 lll!SS _ retlllll: ret 
322 
323 ;*****************************************************************************: 
324 : !his subroutine clears tbe IWI buffer. 
325 :*****************************************************************************; 
326 clear_ buffer: ld rlS,136 : get DO Of COlDlllS 
327 ld pointer ,#BllFRR : starting point of buffer 
328 clear _loop: clr @pointer ; clear contents 
329 inc pointer : nert location 
330 djnz rl5,clear _loop : till out of colDIDS 
331 ret ; retml to caller 
332 
333 ;ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttHttttttttttttttt; 

334 ; Kessage data area. llessage can be up to ao ASCII cbaracters ; 
335 ;ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt; 
336 .orq 200b 
337 ll!SS _ beq: 
338 .asciz 'fiIS DISPLAY IS lQIERlll BI lW>G! ' 

339 
340 :*****************************************************************************: 
341 ; This is tbe ASCII character look-up table. 
342 :*****************************************************************************; 
343 .orq 2aob 
344 cbar _table: 
345 
346 
347 
348 
349 
350 
351 
352 
353 

.byte 

.byte 
• byte 
.byte 
.byte 
.byte 
.byte 
.byte 
.byte 

o,o,o,o,o,o 
O,O,O, 7DJl,O 

: space 
; ! 

o,o, 7011,0, 7011,0 
0,1411,7Fll,1411,7F!,l4R ; # 
0,12H,21B,7Fll,21B,24R ; $ 
0,62H,6411,08R,l31l,23R ; l 
0,3611,4911,35B,0211,05R ; ' 
0,00,00, 70!,00,00 
O,lCll,2211,4111,0,0 

; . 
. , , 
; ( 
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000002115 0000004122lc 
000002bb 0022lC7f1422 
000002cl OOOI083eOIOI 
000002c7 000001060000 
000002cd oooaoaoaoaoa 
000002d3 000000010000 
000002d9 000204081020 

000002df 003e4549513e 
000002e5 0000217!0100 
000002eb 002345494931 
000002fl 004241495966 
000002f7 OOOC14247f04 
000002fd 00725151514e 
00000303 00le29494~46 
00000309 004047415060 
0000030f 003649494936 
00000315 003149494a3c 

000003lb 000000140000 
00000321 000001160000 
00000327 000814224100 
0000032d 001414141414 
00000333 000041221408 
00000339 OfJ20404d5020 

0000033f 003e415d4d39 
00000345 00lf244424lf 
0000034b 007f49494936 
00000351 003e41414122 
00000357 007f4141413e 
0000035d 007!49494941 
00000363 007f4Ml4140 
00000369 003e41414547 
0000036f 007fOIOIOl7f 
00000375 0000417(4100 
0000037b 00020101017e 
00000311 007!01142241 
00000317 007f01010101 
0000031d 007f2011207f 
00000393 007flOOI047f 
00000399 003e4141413e 
0000039f 007f41414130 
00000315 003e4145423d 
000003ab 007f414c4a31 
000003bl 003249494926 
000003b7 0040407f4040 
000003bd 007e0101017e 
000003c:3 007c:0201027c 
000003c9 007f020c027f 
000003cf 006314081463 
000003d5 0060100f1060 
000003db 004345495161 
000003el 007f7f414141 
000003e7 002010080402 
000003ed 004141417f7f 
000003!3 000408100804 
000003!9 000101010101 

354 
355 
356 
357 
351 
359 
360 
361 ;lllllbers 
362 IUllller table: 
363 -
364 
365 
366 
367 
361 
369 
370 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

.byte 

Z86COB SCRowtG LED MEssAGE 
DlsPLAY AmlcATION NOTE 

o,o,o,4111,221,1a ; l 
0,221,141, 7FB,141,221 ; * 
o,oa1,011,J11,oa1,oa1 : + 
0,0,1,6,0,0 ; I 

o,a,1,a,a,1 : -
0,0,o,1,o,o , • 
0,2,4,l,lOl,20B : I 

.byte 0,311,45B,49B,5111,3111 : 0 

.byte 0,0,2111,7FB,Ol,O ; 1 

.byte 0,23B,45B,491,491,3111 : 2 

.byte 0,421,4111,491,591,6611 : 3 
.byte O,OCll,141,241, 7FB,041 : 4 
.byte o, 721,511,5111,5111,4111 ; 5 
.byte O,lll,2911,4911,49B,46B : 6 
.byte 0,4011,4711,411,SOl,601 : 7 
.byte 0,361,4911,491,4911,361 : 8 
.byte 0,3111,4911,491,Wl,JCll : 9 371 

372: 
373 
374 

11111 SPBCW. ClllllmllS 

375 
376 
377 
371 
379 : 
380 
311 
312 
313 
314 
315 
316 
317 
311 
319 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 

.byte o,o,o,1411,0,0 , • 

.byte 0,0,1,161,0,0 ; ; 

.byte 0,1,141,221,411,0 : < 

.byte 0,141,1411,141,1411,1411 : = 

.byte 0,0,4111,221,141,011 : > 

.byte 0,201,40l,4Dll,501,20I : ? 
AT SIGI llD Ul'PllCISI LlftllS ; 

.byte 0,3D,4111,5DB,4Dll,3911 : @ 

.byte O,lFB,241,4411,241,lFB : A 

.byte 0,7FB,491,4911,4911,361 : B 

.byte 0,3111,411,4111,411,221 : c 
.byte 0,7FB,4111,411,411,3111 ; D 
.byte 0, 7FB,491,491,491,4111 E 
.byte o,m,411,4aa,4aa,40I r 
.byte 0,3111,4111,411,451,471 G 
.byte o, 1n,oa1,oa1,oaa, 1n 1 
.byte O,OOl,4111,7FB,411,00I I 
.byte 0,021,0ll,Oll,Olll, 711 J 
.byte 0,7FB,Oll,1411,221,411 X 
.byte o, 7FB,Oll,0111,0ll,011 I L 
.byte 0,7FB,201,UB,201,7FB : II 
.byte 0,7FB,lOl,OIB,041,7FB : I 
.byte 0,3D,4111,4111,4111,3D ; O 
.byte 0,7FB,411,411,411,301 ; P 
.byte 0,311,41B,45B,421,3DB ; Q 
.byte o, 7FB,411,4Cll,Wl,311 ; R 
.byte 0,32!,491,491,491,261 : s 
.byte 0,40!,401, 7FB,40l,40I ; T 
.byte 0, 7D,Olll,011,0ll, 711 ; 0 
.byte 0,7Cll,021,0lll,021,7Cll : v 
.byte 0, 7FB,021,0Cll,021, 7FB : II 
.byte 0,631,141,0IB,141,6311 ; I 
.byte 0,60B,10B,OFB,101,601 : Y 
.byte 0,431,4511,491,5111,6111 : z 
.byte 0,7FB,7FB,4111,4111,4111 ; ( 
.byte 0,2011,lOl,Oll,D41,021 ; \ 
.byte o,411,u1,c11,m,1n : 1 
.byte 0,041,0IB,101,081,041 : ~ 
.byte 0,011,011,011,011,0111 : -

.end 
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INTERFACING LCDs To THE ZB® 

BY trading hardware approaches for software solutions, interfacing a ZB Microcontroller 
to a M1641 LCD module becomes a practical and simplified design methodology. 

INTRODUCTION 

There has been an increasing demand for interfacing 
Liquid Crystal Displays (LCDs) to low-end microcontrol
lers in recent years. Unfortunately, little has been offered to 
address real-world applications and to help the design 
engineer understand how to make LCDs work. This App 
Note (Application Note) explains and shows a software 

OVERVIEW 

Since the Z8 architecture is so flexible, it would be very 
difficult to include all possible applications in the spec 
sheet example Figures and Tables. Since the purpose of 
this App Note is to reduce the complexity of interfacing Z8s 
with LCDs, the software routines are intended to be "cut 
and paste," so choose the ones that meet your needs 
(caution, do not forget the initialization routines). Also, 

M1641 LCD MODULE 

The M1641 LCD Module isa 1-line by 16-characterdisplay 
with an on-board controller; the HD44780. The HD44780 
divides the 16 characters into two lines of eight characters 
each. Even though this is a two-line device, physically, all 
characters appear on the same line. The controller has an 

method of interfacing a Z8 to an LCD module. The chal
lenge to the programmer is the fixed amount of ROM 
space. Although almost any Z8 device is usable, the CCP"' 
(Consumer Controller Processor) Family is referenced; 
For example, the Z86C40, Z86C96/61, etc. 

remember that not all possible functions inside the LCD 
were utilized. In many applications, it is only necessary to 
transfer ASCII for display in 16-character chunks. For 
messages containing more than 16 characters, the mes
sage may be broken down into two 16-character fields, 
each alternately being displayed. The details on special 
functions are in the manufacturers data sheets. 

on-board character generator in ROM capable of displaying 
192 ASCII characters, along with eight user programmable 
characters. All characters are displayed in a 
5x7 font. 
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INTERFACE 

The LCD module can be connected to either an 8-bit or 4-
bit data bus. There are three control lines: RS, RINI. and E 
(Enable). The RS line selects either an instruction (Low), or 
data(High). The R/NJ line (write active Low), allows data to 
be written to the LCD (Low) or read from the LCD (High). 

INTERFACING LCDs TO THE '1J9 
APPLICATION NOTE 

The Enable line (E) is used to latch data to and from the 
LCD(Figure 1aand 1bandTable 1aand 1b). TheV1cline 
is used for adjusting the contrast, but for most applications 
may be tied to ground. 

Table 1a. Read Characteristics 

Item Symbol Standard Unit 
Min. Max. 

Enable cycle time \;yeE 1000 ns 
Enable pulse width High level PWEH 450 ns 
Enable rise and fall time \;,' \;, 25 ns 
Setup time RS, R/Nl-E tAS 140 ns 
Address hold time tAH 10 ns 
Data delay time 1coR 320 ns 
Data hold time tH 20 ns 

FIS 

!AS 

RI/Vt/ 

PWEH 

!Er 

tOOR H 

087-DBO 

tCYCE 

Figure 1a. LCD Read* Timing 

Note: 
*V00=5.0V ±5%, V89=0V, r.=o·c to so•c 
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Item 

Enable eye le time 
Enable pulse width 
Enable rise and fall time 
Setup time 
Address hold time 
Data delay time 
Data hold time 

RS 

R//W 

E 

DB7-DBO 

Note: 
'V00=5.0V ±5%, v .. =ov. T.=o·c to so•c 

Table 1b. Write Characteristics 

Symbol Standard 
Min. 

fcvcE 1000 
High level PWEH 450 

tE,t tEf 
RS, R/Nl-E tAS 140 

tAH 10 

lcoR 195 
~ 10 

!AS 

PWEH !AH 

tEr 

tCYCE 

Figure 1 b. LCD Write• Timing 

Max. 

25 

INlERFACING LCDs TO THE 7J' 
APPLICATION N01E 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
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INTERFACE (Continued) 

INlERFACING LCDs TO THE '119 
APPLICATION NOTE 

V55 is tied to ground while Vee is tied to the +5 Volt supply. from Port 3 for control. Figure 2 shows a typical Z8 
Unless your application is heavily "1/0 bound," it is easiest interface. 
to use one of the ZB's 8-bit ports for data, and use two lines 

7.328MHz 

20pF 20pF 

__p~o~~ 
+ sv 
L 

Tx 

Rx --

XTAL1 

vcc 

P37 

P30 

XTAL2 

P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 

P35 

P34 

GND 

~ 

6 
4 

7 

.... 

+SV 

12 7 8 9 10 11 12 13 14 

vcc DO 01 02 D3 04 D5 06 07 
Enable 

RS 

LCD Module 
R//W 

VLC GND 

I3 J1 
~ 

Figure 2. Typical ZBILCD Interface 

INITIALIZATION 

After power up, initialize the LCD before sending data. 
Note that the LCD module is very slow. Therefore, it is 
necessary to write a delay loop program in between 
instructions. Again, the LCD can be configured for either 
8-bit or 4-bit data transfer. When operating in 4-bit mode, 
the upper nibble gets transferred first, followed by the 
lower nibble. 
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Table 2 shows complete instruction codes. In order to write 
the instruction codes to the LCD module, the RS line must 
be Low. Figure 3 shows an initialization sequence for an 
8-bit transfer operation. The starting address for the DD 
RAM is BOH for the first eight characters. For the next eight 
characters, the starting address is COH. If the DD RAM is 
programmed for auto increment, then the DD RAM address 
is automatically incremented after each character write. 



Set 
Instruction 

RS fW/ D87 DB& 

Clear Display 0 0 0 0 

RetumHome 0 0 0 0 

Entry 
Mode Set 0 0 0 0 

Display 
ON.OFF 0 0 0 0 
Control 

Cursor or 
Display Shift 0 0 0 0 

Function Set 0 0 0 0 

Set CG RAM 0 
Address 

0 0 1 

Set DD RAM 
Address 0 0 1 

Read 
Busy Flag 0 1 BF 
&Address 

Write Data 
to CG or 1 0 
DD RAM 

Read Data 
from CG or 1 1 

DDRAM 

INTERFACING LCDs TO THE ZS9 
APPLICATION NOTE 

Table 2. LCD Instructions Codes 

Instruction Code Execution Time 
Description (when fCP or fOSC 

DBS DB4 DB3 DB2 081 080 Is 250 kHz} 

Clears all display memory and 
0 0 0 0 0 1 returns the cursor to the home 82 µs-1.64 ms 

position (Address 0). 

Returns the cursor to the 
home position (Address 0). 

0 0 0 0 1 . Also returns the display being 40 µs-1.Sms 
shifted to the original position. 
DD RAM contents remain 
unchanged. 

Sets the cursor move 
direction and specifies or not 

0 0 0 1 l/D s to shift the display. These 40µs-1.64ms 
operations are pertormed 
during data write and read. 

(D) is display ON/OFF control, 

0 0 1 D c 8 memory remains unchanged 40µs 
in OFF condition. (C) cursor 
ON/OFF (B) blinking cursor. 

Moves the cursor and shifts 
0 1 SIC Ril . . the display without changing 40µs 

DD RAM contents. 

Sets intertace data length 
1 DL N F . . (DL), number of display lines 

(N), and character font (F). 
40µs 

Sets the CG RAM address. 
ACG CG RAM data is sent and 40µs 

received after this setting. 

Sets the DD RAM address. 
ADD DD RAM data is sent and 40µs 

received after this setting. 

Reads Busy Flag (BF) 
AC indicating internal operation is 

being pertormed and reads 
1 µs 

address counter contents. 

Writes into DD RAM or CG 
Write Data RAM. 40µs 

Read Data 
Reads data from DD RAM or 

40µs CG RAM. 
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INITIALIZATION (Continued) 

Notes to the previous table: 
1. •Doesn't Matter -
2. DDRAM: Display data RAM 1/0=1: Increment C=1: Cursor On 
CG RAM: Character generator l/D=O: Decrement C=O: Cursor Off 

RAM 
~: CG RAM address 8=1: Display shift B=1: Blink ON 
Aor,: DD RAM address S=O: No display shift B=O: Blink OFF 

Corresponds to 
cursor address D=1: Display ON S/C=1: Display shift 

AC: Address counter D=O: Display OFF S/C=O: Cursor movement 
used for both of DD 
and CG RAM BF=1: Internal operation 
address in progress 

BF=O: Instruction can 
be accepted 

3. Execution times in Table 2 indicate the maximum values when operating frequency is 250 kHz. 
4. When f0sc is 270 kHz: 40 µ s x 250/270 = 37 µ s 

11-80 

R/L=1: 
R/L=O: 

DL=1: 
DL=O: 

N=1: 

N=O: 
F=1: 

F=O: 

INTERFACING LCDs TO 1HE U' 
APPLICATION N01E 

Right shift 
Left shift 

8 bits 
4 bits 

2 lines {M1641) 
1 line 
{M24111 & L4041) 
5x10 dot-matrix 
{M24111 & L4041) 
5x7 dot-matrix 



Display Initialization 
Each time the module is turned on or reset, an initialization 
procedure must be executed. The procedure consists of 
sending a sequence of hex codes from the microproces
sor or parallel 1/0 port. The initialization sequence turns on 
the cursor, clears the display, and sets the module onto an 
auto-increment mode. 

The initial hex code 30, 34, or 38 is sent two or more times 
to ensure the module enters the 8-bit or 4-bit data mode. 
All the initialization sequences are performed under the 
condition of Register Select (RS)= 0 (Low) and Read/Write 
(R/W) = 0 (Low). 

lnttlallzatlon 
Flow Chart* 

Power On 
;?15ms 

(1) 

(2) 

(3) 

Reset 
Sequence 

(1) 

(2) 

(3) 

(4) 

Hex Code* 07 

38 Lo 

06 Lo 

OE Lo 

01 Lo 

06 

0 

1 

0 

0 

0 

01 
;?1.64ms (4) (5) 80 1 Lo 

l End of 
Initialization 

80 
;?40µs 

(5) 

*All addresses In HexldecimaJ 

INTERFACING LCDs TO THE '1J9 
APPUCATION NOlE 

4-bit data bus microcontroller may operate the display 
module by sending the initialization sequence in 4-bit 
format. Since 4-bit operation requires the data to be sent 
twice over the higher 4-bit bus lines (04-07), memory 
requirements are doubled. 

Example for the module with 5x7 character format under 8-
bit data transfer. 

Applicable modules: M1641, L 1651, M1632, L 1642, L 1652, 
L2012, L2432, L4042,L1614, L2014, M4024 

05 04 03 02 01 DO Instructions 

1J l 1 0 0 0 

Function Set 
L 6-blt Oats Length 

_. 2Line 

5x7 Dot Fonnat 

0 0 0 1J 1 0 

1 l Entry Mode Set. 
Increment one 
No Shift 

0 0 1J 1 1 0 

L l Display ON/OFF Control 

Display ON 
Cursor ON 

BllnkOFF 

0 0 0 0 0 1J 

1 Dlsplay Clear 

0 0 0 0 0 °i 
I _. DD RAM Address Set 

l 1st Digit 

Figure 3. Initialization Sequence 

Notes: 
1. Both RS and RNJ terminals shall be 'O' in this sequence. 
2. RS, R/W and Date are latched at the falling edge of the Enable signal, 

(falling edge is typically 10 ns; MAX: 25 ns). 
3. M4024 has to be initialized on E1 and E2, respectively. 

Refer to (2) In Sample Programs. 
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LCD/ZS PROGRAM 

Appendix A (Listing 1) has all the routines for communicat
ing to an LCD module. For this App Note exercise, there is 
no cursor, auto-incrementforthe DD RAM address, and no 
display shift. Since there is no read instruction from the 
LCD, the RINI is tied Low. 

Transferring ASCII to the ZB via the UART requires buffer
ing before writing to the LCD, since the LCD is not able to 
keep up with the ZB at high baud rates. Therefore, the 16 
ASCII are first stored within one of the working register 
groups, then transferrea to the LCD. Actually, the Z8 has 
the ability to store several messages within the register file. 
This is useful for applications that require a handful of 
commonly used messages that are downloaded from a 
master MPU after initialization. 
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APPLICATION NOTE 

Of course, messages can be stored in the internal ZB ROM 
space. Since the program occupies less than 750 bytes, 
there is plenty of room to display other custom messages. 

This program allows the ZB user to interface to a 1-line by 
16-character Liquid Crystal Display (LCD). It includes a 
routine to load serial data from the UART to the register file, 
then out to the display. For displaying 'canned' messages 
send a control character followed by the message number. 
Another control character is used for accepting ASCII from 
the outside world followed by sixteen ASCII characters. 

This program is intended to be used with the industry
standard 1-line by sixteen-character LCD module (Seiko 
M1641, etc.). Certain modifications are necessary for 
2-line modules (see manufacturers data sheets). 



M1641 Pinout 

- Vss 
2 - Vdd 
3 - Vlc: 
4 - RS 
5 - R//W 
6 - E 
7 - DBO 
8 - DBl 
9 -· DB2 

10 - DB3 
11 - DB4 
12 - 085 
13 - DB6 
14 - DB7 

APPENDIX A 
LCD Program 

(Listing 1) 

INTERFACING LCDs TO THE 'ZJI 
APPWTION No1E 

;-------------------------------------------------------------------------; 
CUF:_HOME . EQU 02H 
DIS_CLEAR .EQU 01H 
CG_RAM .EQU 40H 
DD_RAM_l .EQU BOH 
DD_RAM_2 .EQU OCOH 
PORT_2 .EQU 02H 
PORT _O • EQU OOH 
CONST_! .EQU 1FH m 
CONST_2 .EQU OFFH 
PDLL_SID • EQU OBH 
IRQ3_RES .EQU OF7H 
STACI< • EQU BOH 
CLDCK_LO .EQU oFEH 
CLDCl<_H I • EQU 01 H 
RS_LDW .EQU OFDH 
F:S _HIGH • EQU 02H 
E_LDW . EQU OFBH 
E_HIGH .EQU 04H 
MYF:EG _O . EQU OOH 
8_BITS .EQU 38H 
AI_NS • EQU 06H 
DO_NC .EQU OCH 
BUFF_BEG .EQU 10H 
BUFF_END .EQU 20H 
MASK .EQU OlH 

MYREG2 .EQU 20H 

• ORG OOOOH 
.WORD o,o,o 
.word RXD 
.word 0 
.word 0 
.org OOOc:h 

11-83 



APPENDIX A (Continued) 

INTERFACNl LCDs TO 1HE 'II' 
APPUCAllON NOTE 

; -----------------------------------------------·--------------------·--; 
INITIAL! ZATION 

;----------------------------------------------------------------------; 
BEGIN: 

ENABLE: 

DI 
SRP 
LD 
LD 
LD 
LD 
LD 
LD 
LD 
CALL 
EI 

JR 

#MYREG_O 
SPL,#STACK 
POlM,#00 
P2M,#O 
P3M,#t.41 
IPR,#1.28 
IMR,#1.88 
IRQ,#0 
LCD_INIT 

ENABLE 

DISABLE INTERRUPTS 
POINT TO REGS 10 - lF HEX 
INITIALIZE STACK POINTER 
CONFIGURE PO FOR OUTPUT 
CONFIGURE P2 FDR OUTPUT 
ACTIVE PULL-UPS FOR P2 
I RQ3 IS HIGHEST 
ENABLE IRQ3 
CLEAR IRQ 
INITIALIZE THE LCD 
ENABLE INTERRUPTS 

WA IT FOR ItffERRUPiS 

;----------------------------------------------------------------------
INITIALIZE THE LIQUID CRYSTAL DISPLAY 

;----------------------------------------------------------------------
LCD_INIT: 
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AND 
LD 
OR 
AND 
CALL 
LD 
OR 
AND 
CALL 
OR 
AND 
CALL 
DR 
AND 
CALL 
LD 
OR 
AND 
CALL 
LD 
DR 
AND 
CALL 

PORT _O, #RS_LOW 
PDRT _2,#00 
PORT _O, #E_HIGH 
PORT _ _(>, #E_LOW 
WAIT _1 
PORT _2, #S_BITS 
PORT _O, #E_HIGH 
PORT_O,#E_LOW 
WAIT _1 
PORT _O, #E_HIGH 
PORT_O,#E_LOW 
WAIT _1 
PORT_O,#E_HIGH 
PORT _O, #E_LOW 
WAIT 1 
PORT_2,#DO_NC 
PORT_O,#E_HIGH 
PORT_O,#E_LOW 
WAIT _1 
PORT_2,#AI_NS 
PORT _o, #E_HIGH 
PORT_O,#E_LOW 
WAIT 1 

MAKE SURE P3-4 IS 0 
MAKE P2 ZERO 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
SET DATA LENGTH FOR 8 
TAKE ENABLE HIGH 
BR I NG ENABLE BAC~:: LOW 
WAIT AWHILE 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 

BITS 

TURN ON DISPLAY, NO CURSOR' 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
ENTRY MODE: INC ADDRESS,NO 
TAKE ENABLE HIGH 
BF: I NG ENABLE BACK LOW 
WAIT AWHILE 

SHIFT 



LCD_RES: 
LD 
OR 
AND 
CALL 
LD 
OR 
AND 
CALL 
LD 
OR 
AND 
CALL 
LD 
OR 
AND 
CALL 
RET 

PORT_2,#DIS_CLEAR 
PORT_O,#E_HIGH 
PORT_O,#E_LOW 
WAIT_l 
PORT_2,#CUR_HOME 
PORT _O, #E_HIGH 
PORT_O,#E_LOW 
WAIT_l 
PORT_2,#CG_RAM 
PORT_O,#E_HIGH 
PORT_O,#E_LOW 
WAIT _2 
PORT_2,#DD_RAM_1 
PORT_O,#E_HIGH 
PORT_O,#E_LOW 
WAIT _2 

CLEAR DISPLAY 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
CURSOR HOME 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
SET CG RAM 
TAKE ENABLE HIGH 
BRING ENABLE BACK LOW 
WAIT AWHILE 
SET DD RAM 
TAKE E HIGH 
TAKE E LOW 
WAIT AWHILE 

INTEIFACING LCDs TO THE 'II' 
APPUCATION No1E 

;-----------------------------------------------------------------------, 
RECEIVE INTERRUPT ROUTINE - RECEPTION OF lB HEX IS FOLLOWED ; 
BY SIXTEEN ASCII CHARACTERS TD BE DISPLAYED ON LCD MODULE. ; 
RECEPTION OF lC HEX, FOLLOWED BY A MESSAGE NUMBER (e.g. 0-9) ,; 
DISPLAYS ONE OF THE INTERNAL MESSAGES. 

;-----------------------------------------------------------------------~ 
F\XD: 

DI DISABLE INTERRUPTS 
PUSH RP SAVE REG POINTER 
SRF' #MYREG2 POINT TO WORKING REGS 
LD R7,SIO GET BYTE FROM SIO 
CF' R7,#/.1B ESCAPE CHARACTER? 
JF: NE,FS NO, TRY FS CHARACTER 
CALL ASCII GET READY FOR TEXT 
JR RXDOUT EXIT 

FS: 
CP R7,#/.1C IF FS, THEN CANNED MESSAGE 
JF: NE,RXDOUT IF NOT, EXIT 
CALL INT __ MSG CALL CANNED MESSAGE ROUTINE 

RXDOUT: 
POP RP RESTORE POINTER 
IRET F:ETURN FROM INTERRUPT 

;------------------------------------------------------------------------; 
ACCESS ONE OF THE INTERNAL LCD MESSAGES 

;------------------------------------------------------------------------; 
INT _MSG: 

PUSH RP SAVE CURRENT REG POINTER 
SRP #MYREG_O POINT TO REG 0 - FH 
PUSH IMR SAVE CURRENT IMR 
DI DISABLE INTERRUPTS 
LD IMR,#/.20 ENABLE IRQ5 ONLY 
CLR IRQ CLEAR ANY PENDING 
EI ENABLE INTERRUPTS 
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ftl2H.tl6 INTERFACING LCDs TO TIIE 'Ir 
APPUCATION N01E 

APPENDIX A (Continued) 

MSG_NUM: 

LOOKUP _1: 

LODKUP _2: 

LOAD_MSG: 

TM 
JR 
AND 
LO 
LO 
LO 
LO 

LD 

INCW 
OJNZ 
DJNZ 

LDEI 
CP 
JR 
CALL 
CALL 
POP 
POP 
RET 

IRQ,#POLL_SIO 
Z,MSG_NUM 
IRQ,#IRQ3_RES 
R4,SIO 
RB, ..... HB LCD _MSG 
R9, ·'·LB LCD _MSG 
R7,#BUFF_BEG 

R6,#16 

RR8 
R6,LOOKUP_2 
R4,LOOKUP_1 

@R7,@RRB 
R7,#BUFF_END 
LT,LOAD_MSG 
LCD_RES 
LCD_LOAD 
IMR 
RP 

POLL SID FOR NEXT BYTE 
l<EEP POLL I NG 
CLEAR IRQ3 
LOAD BYTE FROM SID 
LOAD LOOKUP TABLE ADD 

GET BUFFER START ADD 

SET BYTE COUNTER FOR 16 

STEP TO DESIRED MESSAGE 
IF NOT O, KEEP DECREMENTING 
INDEX MESSAGES 

LOAD INT BUFFER, INCREMENT 
END OF BUFFER? 
NO, KEEP LOADING 
SETUP FOR LCD TRANSFER 
GD TD LOAD ROUTINE 
RESTORE INTERRUPT STRUCTURE 
RESTORE REG POINTER 
RETURN TO CALLER 

·-----------------------------------------------------------------------· ' ' LOAD ASCII CHARACTERS FOR DISPLAY ON LCD MODULE 
;-----------------------------------------------------------------------;· 
ASCII: 

PUSH IMR 
DI 
LD IMR,#%20 
CLR IRQ 
EI 
CALL TXT_LOAD 
CALL LCD_RES 
POP IMR 
RET 

SAVE CONTENTS OF IMR 
DISABLE INTERRUPTS 
ENABLE IRQ 5 ONLY 
CLEAH IRQ 
ENABLE INTERRUPTS 
LOAD TEXT INTO BUFFER 
CLEAF: THE LCD 
RESTORE IMR 
RETURN FROM INTERRUPT 

;-----------------------------------------------------------------------
TAKE THE ASCII TEXT AND LOAD IT INTO THE BUFFER 

;-----------------------------------------------------------------------
TXT_LDAD: 

LOAD: 
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CLR R6 RESET BYTE COUNTER 
LD R7,#BUFF_BEG POINT TO ASCII BUFFER 

TM IRQ, #POLL_SIO 
JR Z,LOAD 
LD @R7,SIO 
AND IRQ,#IRQ3_RES 
INC R7 
INC R6 
CP R6,#16 
JR LT,LDAD 
RET 

BYTE IN SID? 
LOAD SOME MORE 
STORE AT THIS BUFFER LOCATION 
RESET IRQ3 
INC BUFFER ADDRESS 
INC BYTE COUNTER 
SIXTEEN BYTES YET? 

NO, KEEP GOING 
RETURN TD CALLER 



INTERFACING LCDs TO THE '1J9 
APPLICATION NOTE 

;-------------------------------------------------------------------~----; 
TAKE THE ASCII FROM THE BUFFER AND LOAD THE LCD 

;-------------------------------------------------------------------~----; 
LCD_LDAD: 

LCD_OUT: 

l...CD_LOOF': 

CALL 
AND 
LD 
OF: 
AND 
CALL 
RET 

OR 
CLF 

LD 
OF: 
AND 
CA'-.L 
INC 
INC 
CF' 
JR 

LCD_OUT 
PORT_O,#RS LOW 
PORT_::'., #DD_RAM_2 
PORT_O,#E_HIGH 
PORT_O,#E_LOW 
LCD __ OUT 

POF:T _·), #RS HIGH 
F:6 

PORT_'.2,@R7 
i::·oi:::T _o, #E_HIGH 
PORT _O, #E_LDW 
WA!T _2 
F:6 
F:7 
F:6,#8 
l....T ~ L._CD LOOP 

OUTPUT CONTENTS OF BUFFER TD LCD 
TAKE RS LOW 
LOAD STARTING ADDRESS FOF LINE 2 
TAKE ENABLE HIGH 
TAKE Ei'~ABLE LOW 
OUTPlJ'I TO LCD 

TAKE RS HIGH 
RESET BYTE COUNTER 

~ETCH ASCII FROM BUFFE~ 
TAVE ENABLE HIGH 
TAKE Er-IABLE LOW 
WAIT AWHILE 
INC BYTE COUNTER 
INC BUFFER ADDRESS 
EIGHT BYTES YET? 

NO, GO AGAIN 
RETURN ;-----------------------------------------------------------------------

DELAY LOOP FOR LCD WRITES 
;-----------------------------------------------------------------------
WAIT_2: 

BUSY: 
LD R4,#CONST 1 

DJNZ RS,BUSY 
RET 

THIS DELAY NOT 

QUITE AS LONG 
RETURN TD CALLER 

;-----------------------------------------------------------------------; 
DELAY LOOP FOR LCD INITIALIZATION 

;-----------------------------------------------------------------------; 
WAIT 1: 

PUSH RP SAVE RP 
SRP #MYREG (l POINT TO OOH 
LD R4,#CONST_1 LOAD FOR DELAY 

LCDELY 1 : 
LD R5,#CONST_2 LCD'S ARE SLOW' 

LCDELY 2: -
DJNZ RS,LCDELY r' DONE YEr'' --· ~ 
DJNZ F:4, LCDELY 1 
POP RF RESTORE RP 
RET RETURN TO CALLER 

;------------------------------------------------------------------·----; 
INTERNAL LCD MESSAGES 

;------------------------------------------------------------------·----; 
LCD_MSG: 

. BLOC!< 16 

.ASCII 'ZILOG ZBs ARE DK' 
"END 
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ON·CHIP OSCILLATOR DESIGN 

D esign and Build Reliable, Cast-Effective, On-Chip Oscillator Circuits That are Trouble Free. 
Putting Oscillator Theory Into A Practical Design Makes tar a Mare Dependable Chip. 

INTRODUCTION 

This Application Note (App Note) is written for designers 
using Zilog Integrated Circuits with on-chip oscillators; 
circuits in which the amplifier portion of a feedback oscil
lator is contained on the IC. This App Note covers common 
theory of oscillators, and requirements of the circuitry (both 
internal and external to the IC) which comes from the 
theory for crystal and ceramic resonator based circuits. 

Purpose and Benefits 

The purposes and benefits of this App Note include: 

1. Providing designers with greater understanding of 
how oscillators work and how to design them to avoid 
problems. 

OSCILLATOR THEORY OF OPERATION 

The circuit under discussion is called the Pierce Oscillator 
(Figures 1, 2). The configuration used is in all Zilog on-chip 
oscillators. Advantages of this circuit are low power con
sumption, low cost, large output signal, low power level in 

Vo 

B 

Figure 1. Basic Circuit and Loop Gain 

2. To eliminate field failures and other complications 
resulting from an unawareness of critical on-chip oscil
lator design constraints and requirements. 

Problem Background 

Inadequate understanding of the theory and practice of 
oscillator circuit design, especially concerning oscillator 
start-up, has resulted in an unreliable design and subse
quent field problems (See on page 10 for reference mate
rials and acknowledgments). 

the crystal, stability with respect to Vee and temperature, 
and low impedances (not disturbed by stray effects). One 
drawback is the need for high gain in the amplifier to 
compensate for feedback path losses. 

I IC 

I 
I 

------------ -• 
XTAL 

------101----

Figure 2. Zllog Pierce Oscillator 

11-89 

m 
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OSCILLATOR THEORY OF OPERATION (Continued) 

Pierce Oscillator (Feedback Type) 

The basic circuit and loop gain is shown in Figure 1. The 
concept is straightforward; gain of the amplifier is 
A = VoNi. The gain of the passive feedback element is 
B = ViNo. Combining these equations gives the equality 
AB= 1. Therefore, the total gain around the loop is unity. 
Also, since the gain factors A and Bare complex numbers, 
they have phase characteristics. It is clear that the total 
phase shift around the loop is forced to zero (i.e., 360 
degrees), since V1N must be in phase with itself. In this 
circuit, the amplifier ideally provides 180 degrees of phase 
shift (since it is an inverter). Hence, the feedback element 
is forced to provide the other 180 degrees of phase shift. 

Additionally, these gain and phase characteristics of both 
the amplifier and the feedback element vary with fre
quency. Thus, the above relationships must apply at the 
frequency of interest. Also, in this circuit the amplifier is an 
active element and the feedback element is passive. Thus, 
by definition, the gain of the amplifier at frequency must be 
greater than unity, if the loop gain is to be unity. 

The described oscillator amplifies its own noise at start-up 
until it settles at the frequency which satisfies the gain/ 
phase requirement AB = 1. This means loop gain equals 
one, and loop phase equals zero(360 degrees). To do this, 

z 

the loop gain at points around the frequency of oscillation 
must be greater than one. This achieves an average loop 
gain of one at the operating frequency. 

The amplifier portion of the oscillator provides gain > 1 plus 
180 degrees of phase shift. The feedback element pro
vides the additional 180 degrees of phase shift without 
attenuating the loop gain to < 1. To do this the feedback 
element is inductive, i.e., it must have a positive reactance 
at the frequency of operation. The feedback elements 
discussed are quartz crystals and ceramic resonators. 

Quartz Crystals 

A quartz crystal is a piezoelectric device; one which 
transforms electrical energy to mechanical energy and 
vice versa. The transformation occurs at the resonant 
frequency of the crystal. This happens when the applied 
AC electric field is sympathetic in frequency with the 
mechanical resonance of the slice of quartz. Since this 
characteristic can be made very accurate, quartz crystals 
are normally used where frequency stability is critical. 
Typical frequency tolerance is .005 to 0.3%. 

The advantage of a quartz crystal in this application is its 
wide range of positive reactance values (i.e., it looks 
inductive) over a narrow range of frequencies (Figure 3). 

Region of Parallel 
Operation 

INDUCTIVE 

0 2'(1' 

CAPACmVE 

* fs - fp Is very small (approximately 300 parts per million) 

Figure 3. Serles vs. Parallel Resonance 
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However, there are several ranges of frequencies where 
the reactance is positive; these are the fundamental {de
sired frequency of operation), and the third and fifth 
mechanical overtones {approximately 3 and 5 times the 
fundamental frequency). Since the desired frequency range 
in this application is always the fundamental, the overtones 
must be suppressed. This is done by reducing the loop 
gain at these frequencies. Usually, the amplifier's gain roll 
off, in combination with the crystal parasitics and load 
capacitors, is sufficient to reduce gain and prevent oscil
lation at the overtone frequencies. 

The following parameters are for an equivalent circuit of a 
quartz crystal (Figure 4): 

L - motional inductance (typ 120 mH @ 4 MHz) 

C - motional capacitance (typ .01 pf @ 4 MHz) 

R - motional resistance (typ 36 ohm @ 4 MHz) 

Cs - shunt capacitance resulting from the sum of the 
capacitor formed by the electrodes (with the quartz as a 
dielectric) and the parasitics of the contact wires and 
holder (typ 3 pf @4 MHz). 

The series resonant frequency is given by: 

Fs = 1/(27t x sqrt of LC), 
where Xe and XI are equal. 

Thus, they cancel each other and the crystal is then R 
shunted by Cs with zero phase shift. 

The parallel resonant frequency is given by: 

Fp = 1/[21t x sqrt of L (C Ct/C+Ct)], 
where: Ct = CL+ C5 

ON-CHIP OSClu.ATOR DeslGN 
APPLICATION NOTE 

Cs 

R L c 

Quartz Equivalent Circuit 

0-----110 ...-1 ----io 

Symbolic Representation 

Figure 4. Quartz Oscillator 

Serles vs. Parallel Resonance. There is very little differ· 
ence between series and parallel resonance frequencies 
(Figure 3). A series resonant crystal (operating at zero 
phase shift} is desired for non-inverting amplifiers. A par· 
allel resonant crystal (operating at or near 180 degrees of 
phase shift) is desired for inverting amps. Figure 3 shows 
that the difference between these two operating modes is 
small. Actually, all crystals have operating points in both 
serial and parallel modes. A series resonant circuit will 
NOT have load caps C1 and C2. A data sheet for a crystal 
designed for series operation does not have a load cap 
spec. A parallel resonant crystal data sheet specifies a 
load cap value which is the series combination of C1 and 
C2. For this App Note discussion, since all the circuits of 
interest are inverting amplifier based, only the parallel 
mode of operation is considered. 
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OSCILLATOR THEORY OF OPERATION 

Ceramic Resonators 

Ceramic resonators are similar to quartz crystals, but are 
used where frequency stability is less critical and low cost 
is desired. They operate on the same basic principle as 
quartz crystals as they are piezoelectric devices and have 
a similar equivalent circuit. The frequency tolerance is 
wider (0.3 to 3%). but the ceramic costs less than quartz. 

Impedance 100000 
(Ohm) 

10000 

1000 

100 

10 

2000 4000 

ON·CHIP OSCILLATOR DESIGN 
APPLICATION NOTE 

Figure 5 shows reactance vs. frequency and Figure 6 
shows the equivalent circuit. 

Typical values of parameters are L = .092 mH, C = 4.6 pf, 
R = 7 ohms and Cs= 40 pf, all at8 MHz. Generally, ceramic 
resonators tend to start up faster but have looser fre
quency tolerance than quartz. This means that external 
circuit parameters are more critical with resonators. 

6000 8000 10000 

Frequency (KHz) 

Figure 5. Ceramic Resonator Reactance 
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Power 
Supply 

ON-CHIP OSCILLATOR DESIGN 
APPLICATION NOTE 

RTxCB(SCC) 

EXT AL (Z180) 
Vee Gnd SYNCB(SCC) 

XTAL (Z180) 

( 
J.C. 

470pf Under Test 

Probe (in) ----~ 
(All Unused 

Inputs: 101<0 To Vee) 

Frequency 
Generator 

1V P-P/Sine 
Probe 
(out) 

Figure 6. Gain Measurement 

Load Capacitors 

The effects/purposes of the load caps are: 

Cap C2 combined with the amp output resistance pro
vides a small phase shift. It also provides some attenuation 
of overtones. 

Cap C1 combined with the crystal resistance provides 
additional phase shift. 

These two phase shifts place the crystal in the parallel 
resonant region of Figure 3. 

Crystal manufacturers specify a load capacitance num
ber. This number is the load seen by the crystal which is the 
series combination of C1 and C2, including all parasitics 
(PCB and holder). This load is specified for crystals meant 
to be used in a parallel resonant configuration. The effect 
on start-up time; if C1 and C2 increase, start-up time 
increases to the point at which the oscillator will not start. 
Hence, for fast and reliable start-up, over manufacture of 
large quantities, the load caps should be sized as low as 
possible without resulting in overtone operation. 

Amplifier Characteristics 

The following text discusses open loop gain vs. frequency, 
open loop phase vs. frequency, and internal bias. 

Open Loop Gain vs. Frequency over lot, VCC, Process 
Split, and Temp. Closed loop gain must be adequate to 
start the oscillator and keep it running at the desired 
frequency. This means that the amplifier open loop gain m 
must be equal to one plus the gain required to overcome 
the losses in the feedback path, across the frequency 
band and up to the frequency of operation. This is over full 
process, lot, Vee· and temperature ranges. Therefore, 
measuring the open loop gain is not sufficient; the losses 
in the feedback path (crystal and load caps) must be 
factored in. 

Open Loop Phase vs. Frequency. Amplifier phase shift at 
and near the frequency of interest must be 180 degrees 
plus some, minus zero. The parallel configuration allows 
for some phase delay in the amplifier. The crystal adjusts 
to this by moving slightly down the reactance curve 
(Figure 3). 

Internal Blas. Internal to the IC, there is a resistor placed 
from output to input of the amplifier. The purpose of this 
feedback is to bias the amplifier in its linear region and to 
provide the start-up transition. Typical values are 
1 M to 20M ohms. 
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ON-CHIP OSClu.ATOR DESIGN 
APPLICATION NOTE 

PRACTICE: CIRCUIT ELEMENT AND LAY OUT CONSIDERATIONS 

. The discussion now applies prior theory to the practical 
application. 

Ampllfler and Feedback Resistor 

The elements of the circuit, internal to the IC, include the 
amplifier, feedback resistor, and output resistance. The 
amplifier is modeled as a transconductance amplifier with 
a gain specified as l0 infJ1N (amps per volt). 

Transconductance/Gain. The loop gain AB = gm x Z1, 
where gm is amplifier transconductance (gain) in amps/ 
volt and Z1 is the load seen by the output. AB must be 
greater than unity at and about the frequency of operation 
to sustain oscillation. 

Gain Measurement Circuit. The gain of the amplifier can 
be measured using the circuits of Figures 6 & 7. This may 
be necessary to verify adequate gain at the frequency of 
interest and in determining design margin. 

Gain Requirement vs. Temperature, Frequency and 
Supply Voltage. The gain to start and sustain oscillation 
(Figure 8) must comply with: 

gm > 41t2 12 Rq C1N C0urt x M 
where: Mis a quartz form factor= (1 + C0 u,IC1N+ C0 uJC011T)2 

Output Impedance. The output impedance limits power to 
the XT AL and provides small phase shift with load cap C2. 

DC Bias 1-----. 
vb 

Vn Vout 

1out = (V out -Vt} /33) 

Figure 7. Transconductance (gm) Measurement 

* 
VIN VOUT 

OSCIN OSCOUT 
Quartz 

)H 
CIN D COUT 

I 
Rq, f 

I -- -
* Inside chip, feedback resistor biases the amplifier in the high gm region. 

** External components typically: CIN = COUT = 30 to 50 pf (add 10 pf pin cap). 

Figure 8. Quartz Osclllator Configuration 
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Load Capacitors 

In the selection of load caps it is understood that parasitics 
are always included. 

Upper Limits. If the load caps are too large, the oscillator 
will not start because the loop gain is too low at the 
operating frequency. This is due to the impedance of the 
load capacitors. Larger load caps produce a longer start
up. 

Lower Limits. If the load caps are too small, either the 
oscillator will not start (due to inadequate phase shift 
around the loop), or it will run at a 3rd, 5th, or 7th overtone 
frequency (due to inadequate suppression of higher 
overtones). 

Capacitor Type and Tolerance. Ceramic caps of ±10% 
tolerance should be adequate for most applications. 

Ceramic vs. Quartz. Manufacturers of ceramic resonators 
generally specify larger load cap values than quartz crys
tals. Quartz C is typically 15 to 30 pf and ceramic 
typically 100 pf. 

Summary. For reliable and fast start-up, capacitors should 
be as small as possible without resulting in overtone 
operation. The selection of these capacitors is critical and 
all of the factors covered in this note should be considered. 

Feedback Element 

The following text describes the specific parameters of a 
typical crystal: 

Drive Level. There is no problem at frequencies greater 
than 1 MHz and Vee= 5V since high frequency AT cut 
crystals are designed for relatively high drive levels 
(5-10 mw max). 

A typical calculation for the approximate power dissipated 
in a crystal is: 

P = 2R (7t x f x C x V eel2 

Where. R =crystal resistance of 40 ohms, C = C1 +Co= 
20 pf. The calculation gives a power dissipation of 2 mW 
at 16 MHz. 

Series Resistance. Lower series resistance gives better 
performance but costs more. Higher R results in more 
power dissipation and longer start-up, but can be com
pensated by reduced C1 and C2. This value ranges from 
200 ohms at 1 MHz down to 15 ohms at 20 MHz. 

ON-CHIP OSCILLATOR DESIGN 
APPUCA TION NOTE 

Frequency. The frequency of oscillation in parallel reso
nant circuits is mostly determined by the crystal (99.5%). 
The external components have a negligible effect (0.5%) 
on frequency. The external components (C1 ,C2) and lay
out are chosen primarily for good start-up and reliability 
reasons. 

Frequency Tolerance (initial temperature and aging). 
Initial tolerance is typically± .01 %. Temperature tolerance 
is typically ±.005% over the temp range (-30 to +100 
degrees C). Aging tolerance is also given, typically 
±.005%. 

Holder. Typical holder part numbers are HC6, 18, 
25, 33, 44. 

Shunt Capacitance. (Cs) typically <7 pf. 

Mode. Typically the mode (fundamental, 3rd or 5th over
tone) is specified as well as the loading configuration 
(series vs. parallel). 

The ceramic resonator equivalent circuit is the same as 
shown in Figure 4. The values differ from those specified in 
the theory section. Note that the ratio of L/C is much lower 
than with quartz crystals. This gives a lower Q which allows 
a faster start-up and looser frequency tolerance (typically 
±0.9% over time and temperature) than quartz. 

Layout 

The following text explains trace layout as it affects the 
various stray capacitance parameters (Figure 9). 

Traces and Placement. Traces connecting crystal, caps, 
and the IC oscillator pins should be as short and wide as 
possible (this helps reduce parasitic inductance and re
sistance). Therefore, the components (caps and crystal) 
should be placed as close to the oscillator pins of the IC 
as possible. 

Grounding/Guarding. The traces from the oscillator pins 
of the IC should be guarded from all other traces (clock, 
V cc• address/data lines) to reduce crosstalk. This is usually 
accomplished by keeping other traces away from the 
oscillator circuit and by placing a ground ring around the 
traces/components (Figure 9). 

Measurement and Observation 

Connection of a scope to either of the circuit nodes is likely 
to affect operation because the scope adds 3-30 pf of 
capacitance and 1 M-1 OM ohms of resistance to the circuit. 
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ON-CHIP OSclLLATOR DESIGN 
APPLICATION NoTE 

PRACTICE: CIRCUIT ELEMENT AND LAY OUT CONSIDERATIONS (continued) 

Indications of an Unreliable Design 

There are two major indicators which are used in working 
designs to determine their reliability over full lot and tem
perature variations. They are: 

Start Up Time. If start up time is excessive, or varies widely 
from unit to unit, there is probably a gain problem. C1 /C2 
needs to be reduced; the amplifier gain is not adequate at 
frequency, or crystal Rs is too large. 

XTAL 
2 

CL 

D Z80180 

3 

CL EXT AL 

--
Clock Generator Circuit 

SignalsA B 

' (Parallel Traces 

I I 
I I 
I I 
I I 
I I 

Must Be Avoided) 

1 Signal C ___ ................ _ 
I I 

I 

I 2 
I I 
I I 
I I 

011 

I I 
I I 
I I 

Z80180 

64 

Output Level. The signal at the amplifier output should 
swing from ground to V cc· This indicates there is adequate 
gain in the amplifier. As the oscillator starts up, the signal 
amplitude grows until clipping occurs, at which point, the 
loop gain is effectively reduced to unity and constant 
oscillation is achieved. A signal of less than 2.5 Vp-p is an 
indication that low gain may be a problem. Either C1/C2 
should be made smaller or a low R crystal should 
be used. 

2 

3 

Z80180 

Board Design Example 
(Top View) 

• To prevent induced noice, the crystal and load 
capacitors should be physically located as 
close to the LSI as possible. 

• Signal lines should not run parallel to the clock 
oscillator inputs. In particullar, the clock input 
circuitry and the system clock output (pin 64) 
should be separated as much as possible. 

• Vee power lines should be separated from the 
clock oscillator input circuitry. 

• Resistivity between XTAL or EXTAL and the 
other pin should be greater than 10 Mn 

Figure 9. Circuit Board Design Rules 
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SUMMARY 

Understanding the Theory of Operation of oscillators, 
combined with practical applications, should give design
ers enough information to design reliable oscillator cir
cuits. Proper selection of crystals and load capacitors, 

ON-CHIP OSCILLATOR DESIGN 
APPLICATION NOTE 

along with good layout practices, results in a cost effective, 
trouble free design. Reference the following text for Zilog 
products with on-chip oscillators and their general/ 
specific requirements. 

ZILOG PRODUCT USING ON-CHIP OSCILLATORS 

Zilog products that have on-chip oscillators: 

Z818> Family: All 
ZS018>:C01,C11,C13,C15,C50,C90, 180, 181,280 
ZBOOO®: 8581 
Communications Products: SCC™, ISCC™, ESCC™ 

ZILOG CHIP PARAMETERS 

The following are some recommendations on values/pa
rameters of components for use with Zilog on-chip oscilla
tors. These are only recommendations; no guarantees are 
made by performance of components outside of Zilog I Cs. 
Finally, the values/parameters chosen depend on the 
application. This App Note is meant as a guideline to 
making these decisions. Selection of optimal components 
is always a function of desired cost/performance trade
offs. 

Note: All load capacitance specs include stray capacitance. 

za• Family 

General Requirements: 

Crystal Cut: AT cut, parallel resonant, fundamental mode. 
Crystal Co: < 7 pf for all frequencies. 
Crystal Rs: < 100 ohms for all frequencies. 
Load Capacitance: 10 to 22 pf, 15 pf typical. 

Specific Requirements: 

8604: xtal or ceramic, f = 1 - 8 MHz. 
8600/10: f = 8 MHz. 
8601/03/11/13: f = 12.5 MHz. 
8602: xtal or ceramic, f = 4 MHz. 
8680/81/82/84/91: f = 8, 12, 16, MHz. 
8671: f = 8 MHz. 
8612: f = 12, 16 MHz. 
86C08/E08: f = 8, 12 MHz. 
86C09/19: xtal/resonator, f = 8 MHz, C = 47 pf max. 
86C00/10/20/30: f = 8, 12, 16 MHz. 
86C11/21/91/40/90: f = 12, 16, 20 MHz. 
86C27/97: f = 4, 8 MHz. 
86C12: f = 12, 16 MHz. 
Supers (all): f = 1 - 20 MHz. 

zaooo• Family (8581 only) 

General Requirements: 

Crystal cut: AT cut, parallel resonant, fundamental mode. 
Crystal Co: < 7 pf for all frequencies. 
Crystal Rs:< 150 ohms for all frequencies. 
Load capacitance: 10 to 33 pf. 

Z809 Family 

General Requirements: 

Crystal cut: AT cut, parallel resonant, fundamental mode. 
Crystal Co: < 7 pf for all frequencies. 
Crystal Rs: < 60 ohms for all frequencies. 
Load capacitance: 10 to 22 pf. 

Specific Requirements: 

84C01: C1 = 22 pf, C2 = 33 pf (typ); f =DC to 10 MHz. 
84C90: DC to 8 MHz. 
84C50: same as 84C01. 
84C11/13/15: C1=C2=20-33 pf; f = 6-10 MHz 
80180: f = 12, 16, 20 MHz (Fxtal = 2 x sys. clock). 
80280: f = 20 MHz (Fxtal = 2 x Fsysclk). 
80181: TBD. 
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ZILOG CHIP PARAMETERS (Continued) 

Communications Family 

General Requirements: 

Crystal cut: AT cut, parallel resonant, fundamental mode. 
Crystal Co: < 7 pf for all frequencies. 
Crystal Rs:< 150 ohms for all frequencies. 
Load capacitance: 20 to 33 pf. 
Frequency: cannot exceed PCLK. 

Specific Requirements: 

ON-citlP OsclLLATOR DESIGN 
APPLICATION NOTE 

8530/85C30/SCC:f= 1-6MHz(10MHzSCC), 1-8.SMHz 
(8 MHzSCC). 
85130/ESCC (16/20 MHz), f = 1 - 16.384 MHz. 
16C35/ISCC: f = 1 -10 MHz. 

REFERENCES MATERIALS AND ACKNOWLEDGMENTS 

Intel Corp., Application Note AP-155, "Oscillators for Micro 
Controllers", order #230659-001, by Tom Williamson, Dec. 
1986. 

Motorola 68HC11 Reference Manual. 

National Semiconductor Corp., App Notes 326 and 400. 
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Zilog, Inc., Steve German; Figures 4 and 8. 

Zilog., Inc., Application Note, "Design Considerations Us
ing Quartz Crystals with Zilog Components" - Oct. 1988. 

Data Sheets; CTS Corp. Knights Div., Crystal Oscillators. 
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ZB&COBOOZCO EVALUATION BOARD 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: Z86C08, Z86C04 

DESCRIPTION 
The ZS6COSOOZCO Evaluation Board kit contains an as
sembled circuit board, software and documentation to 
help the user become familiar with the features of the 
ZS6COS microcontroller. 

The ZS6COSOOZCO Evaluation Board is used to dem
onstrate the advantages and versatility of the 1 S-pin ZS 
device. The kit contains hardware and software that dem
onstrates the implementation of WOT, HALT, and STOP 
mode, low cost D to A, and A to D conversion techniques. 

SPECIFICATIONS 
Power Requirements 

+5 Vdc@50 mA 

Dimensions 
Width: 4.4 in. (11.2 cm) 
Length: 4.S in. (12.2 cm) 

KIT CONTENTS 
Z86C08 Evaluation Board 

CMOS ZS6COS MPU 
4 MHz Crystal 
Four ?-Segment LED Displays 
17-Key Keypad 

Software (IBM9 PC Platform) 
Application Source Code 
ZS~/ZSO~/ZSOOO~ Cross Assembler 
MOBJ Link/Loader 

Documentation 
Discrete za~ Databook 
ZS Cross Assembler User's Guide 
MOBJ Link/Loader User's Guide 
Z86COS Evaluation Board User's Guide 

ORDERING INFORMATION 
Part No: ZS6COSOOZCO 
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ZB&COBOOZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86C08 

DESCRIPTION 
The zsscos Adaptor Kit is used to convert a zs• MCU 
40-pin package to an 18-pin package. This adaptor board 
allows a standard ZS emulation device to emulate the 
ZS6C08. The Z86C08 Adaptor Board is placed between 
the ZS emulator and the user's target sopket. The board 
does not emulate the watch-dog timer function. 

SPECIFICATIONS 
Dimensions 

Width: 2.5 in. (6.4 cm) 
Length: 2.9 in. (7.4 cm) 
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KIT CONTENTS 
Z86C08 Adaptor Board 

40-Pin ZS MPU Socket 
18-Pin ZSSCOS Socket 
12 MHz Crystal 

Cables 
18-Pin ZS6C08 Emulation Cable 

Documentation 
Z86C08 Adaptor Kit User's Guide 

ORDERING INFORMATION 
Part No: Z86C0800ZDP 



Z86C1200ZEM EMULATOR 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: Z86C04/E04, Z86C07, Z86C08/E08, Z86C11, Z86C20, 
Z86C21/E2111l, Z86E22l11, Z86E23l2l, Z86C61, Z86C63, Z86C65, Z86C91 

DESCRIPTION KIT CONTENTS 
ZB&C12 Emulator 

ZS Emulation Base Board (Revision B) 
CMOS ZS6C9120PSC 

The ZS6C1200ZEM zs• Emulator is a member of Zilog's 
ICEBOX"' product family of in-circuit emulators. The 
ZS6C1200ZEM provides emulation and OTP program
ming support for Zilog's ZS microcontrollers. The Emulator 
provides all the essential MCU timing and 1/0 circuitry 
which simplifies user emulation of the prototype hardware/ 
software product. The data entering, program debugging, 
and OTP programming are performed by the monitor ROM 
and the Host Package which communicates through a RS-
232C serial interface with a fixed 19200 baud rate. The 
user program can be downloaded directly from the host 
computer through the RS-232C connector. The user code 
may then be executed using various debugging com
mands in the monitor. The Emulator can be connected to 
a serial port COM 1 or COM 2 of the host computer (IBM• 
XT, AT 3S6, 486 Compatible). 

SK X S EPROM (Programmed with Debug Monitor) 
EPM512S EPLD 

SPECIFICATIONS 
Emulation Specification 

Maximum Emulation Speed 16 MHz 

Power Requirements 
+5Vdc@1.0A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.B in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

Notee: 
[1) Does not support 4K/8K option bit. 
[2) With Z86E2300ZDP Programming Adaptor, Rev. 1.0 

32K XS STATIC RAM 
3 64K X 4 STATIC RAM 
RS-232C Interface 
Reset Switch 

ZS6C12 Emulation Daughter Board 
EPM5032 EPLD 
16 MHz CMOS ZS6C1216GSE ICE Chip 
40/1S Pin ZIF OTP Sockets 
S0/60/40 Pin Target Connectors 

Cables 
12'. 40-Pin DIP Emulation Cable 
12', 2S-Pin DIP Emulation Cable 
12', 1S-Pin DIP Emulation Cable 
15', Power Cable with Banana Plugs 
4S', Power Cable 
60', DB 25 RS-232C Cable 

Software (IBM9·PC Platform) 
Z8/ZSO/ZSOOO Cross Assembler 
MOBJ Link/Loader 
Host Package (Revision 1.5) 
Includes Windows and non-Windows 

Documentation 
Emulator User's Guide 
Support Products Catalog 
ZS Cross Assembler User's Guide 
MOBJ Link/Loader User's Guide 
Registration Card 

ORDERING INFORMATION 
Part No: ZS6C1200ZEM 

12-3 



ZB&EO&OOZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: ZB&C0&/09/19 

DESCRIPTION 
The Z86E06 Adaptor Kit converts the 28-pin footprint of 
Zilog's Z86E30 OTP chip to the 18-pin DIP configuration of 
the Z86E06/09/19 OTP chip. The board supports all the 
functions of the Z86C06/09/19 except for Serial Peripheral 
Interface. 

SPECIFICATIONS 
Dimensions 

Width: 0.8 in. (2.0 cm) 
Length: 1.5 in. (3.8 cm) 
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KIT CONTENTS 
Z86ED& Adaptor KH 

28-Pin Z86E30 MCU Socket 
18-Pin Z86C06/09/19 Connector 

Documentation 
Z86E06 OTP Conversion Kit User's Guide 

ORDERINI INFORMATION 
Part No: Z86E0600ZDP 



Z86E0700ZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86E07 SOIC 

DESCRIPTION 
The Z86E07 Adaptor Kit converts an 18-pin SOIC package 
to an 18-pin DIP package, allowing a Z86E07 DIP OTP 
programmer to program the 18-pin SOIC Z86E07 OTP 
microcontroller 

SPECIFICATIONS 
Dimensions 

Width: 0.95 in. 
Length: 1.10 in. 

Operating Temperature 
Oto 50°C 

Operating Humidity 
10-90% RH {non-condensing) 

KIT CONTENTS 
ZB&E07 Adaptor Board 

18-Pin SOIC ZIF Package 
18-Pin DIP Connector 

Documentation 
Z86E07 OTP Adaptor Kit User's Guide 

ORDERING INFORMATION 
Part No: Z86E0700ZDP 
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Z86E3000ZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: Z86E30, Z86E31 

DESCRIPTION KIT CONTENTS 
TheZ86E30DIPOTPAdaptorKitallowsastandard EPROM Z86E30 OTP Program Adaptor Board 
programmer to program the Z86E30 OTP microcontroller. 28-Pin DIP ZIF Socket 

28-Pin Connector 
SPECIFICATIONS 
Power Requirements Documentation 

+ 12.5 Vdc @ .5A OTP Program Adaptor User's Guide 

Dimensions ORDERING INFORMATION 
Width: 1.45 in. (3.68 cm) Part No: Z86E3000ZDP 
Length: 2.0 in. (5.08 cm) 
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Z86E4000ZDF ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86E40 

DESCRIPTION 
The Z86E40 QFP OTP Adaptor Kit allows a standard 
EPROM programmer to program the Z86E40 OTP micro
controller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 

KIT CONTENTS 
Z88E40 QFP OTP Adaptor Board 

44-Pin QFP ZIF Socket 
28-Pin Connector 

Documentation 
OTP Program Adaptor User's Guide 

ORDERING INFORMATION 
Part No: Z86E4000ZDF 
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DEVICE SUPPORTED: Z86E40 

Z86E4000ZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

DESCRIPTION KIT CONTENTS 
TheZ86E40DIPOTPAdaptorKitallowsastandardEPROM Z86E40 DIP OTP Adaptor Board 
programmer to program the Z86E40 OTP microcontroller. 40-Pin DIP ZIF Socket 

28-Pin Connector 
SPECIFICATIONS 
Power Requirements Documentation 

+12.5 Vdc@ .5 A OTP Program Adaptor User's Guide 

Dimensions ORDERING INFORMATION 
Width: 1.4 in. (3.6 cm) Part No: Z86E4000ZDP 
Length: 2.6 in. (6.6 cm) 
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4'2iUn, Z86E4000ZDV ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86E40 

DESCRIPTION 
The Z86E40 PLCC OTP Adaptor Kit allows a standard 
EPROM programmer to program the Z86E40 OTP micro
controller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.6 in. (4.1 cm) 
Length: 2.0 in. (5.1 cm) 

KIT CONTENTS 
Z86E40 PLCC OTP Adaptor Board 

40-Pin ZIF Socket 
28-Pin Connector 

Documentation 
OTP Program Adaptor User's Guide 

ORDERING INFORMATION 
Part No: Z86E4000ZDV 
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~2iUl!) Z86E4001 ZDF ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86E40 

DESCRIPTION 
The Z86E40 OTP Adaptor Kit converts a 44-pin QFP 
package to a 40-pin DIP package, allowing the C50 
ICEBOX"' to program the 44-pin QFP Z86E40 OTP micro
controller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 2.05 in. (5.2 cm) 
Length: 2.10 in. (5.3 cm) 
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KIT CONTENTS 
Z86E40 OTP Adaptor Board 

44-Pin QFP ZIF Socket 
40-Pin Connector 

Documentation 
OTP Program Adaptor User's Guide 

ORDERING INFORMATION 
Part No: Z86E4001 ZDF 



Z86E4001ZDV ADAPTOR KIT 
PRODUCT SPECIFICATION 

DEVICE SUPPORTED: Z86E40 

DESCRIPTION 
The Z86E40 OTP Adaptor Kit converts a 44-pin PLCC 
package to a 40-pin DIP package, allowing the C50 
ICEBOX"' to program the 44-pin PLCC Z86E40 OTP micro
controller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.8 in. (4.6 cm) 
Length: 2.1 in. (5.3 cm) 

KIT CONTENTS 
Z8&E40 OTP Adaptor Board 

40-Pin PLCC ZIF Socket 
40-Pin Connector 

Documentation 
OTP Program Adaptor User's Guide 

ORDERING INFORMATION 
Part No: Z86E4001ZDV 

12-11 



Z86CCPOOZEM EMULATOR 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: Z86C03, Z86C04/E04, Z86C06, ZB&COBJEOB, Z86C09/19 

DESCRIPTION 
The ZS6CCPOOZEM is a member of Zilog's family of in
circuit emulators. The ZS CCP emulator provides emula
tion and OTP programming support for Zilog's Consumer 
Controller Processor (CCP"') microcontroller. The Emula
tor provides all the essential MCU timing and 1/0 circuitry 
which simplifies user emulation of the prototype hardware/ 
software product. 

The data entering, program debugging, and OTP 
programming are performed by the monitor ROM and the 
Host Package which communicates through RS-232C 
serial interface with a fixed 19200 baud rate. The user 
program can be downloaded directly from the host com
puter via an RS-232C connector. The user code may then 
be executed using various debugging commands in the 
monitor. The Emulator can be connected to any serial port 
(COM 1, 2, 3 or 4) of the host computer. 

The ZS6CCPOOZEM supports stand-alone mode (with
out host mode) through special jumper options. In stand
alone mode, the C50 ICE chip is used in conjunction with 
a PROM and can support speeds of DC to 12 MHz at V cc 
of 3V to 5.5V. 

SPECIFICATIONS 
Emulation Specification 

Maximum Emulation Speed S MHz 
Minimum Emulation Speed 1 MHz 
Maximum Emulation Speed 
Stand-Alone Mode 16 MHz 

Minimum Emulation Speed 
Stand-Alone Mode DC 

Power Requirements 
+SV Vdc @ 0.5 A 

Dimensions 
Width: 7.0 in. (17.7 cm) 
Length: 9.0 in. (22.9 cm) 

Serial Interface 
RS-232C @ 19200 baud 

System Requirements 
IBM-Compatible 2S6 @ 12 MHz or Newer 
CPU Running DOS 5.0 or Higher 

Windows Version 3.0 or Higher 
720 Kbytes of Disk Space 
512 Kbytes of RAM 
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KIT CONTENTS 
Z8 CCP Emulator 

ZB CCP Emulation Board (Revision A) 
CMOS ZS6C9320VSC 
RS-232C Interface 
Reset Switch 
20 MHz CMOS ZS6C5020FSE ICE Chip 
SK x S STATIC RAM for Code Memory 
1S-Pin ZIF OTP Socket 
Socket Available for 1 S-Pin Target Connector 
18-Pin Target Connector Cable 
Holes Available for 40-Pin ZIF Socket 
Socket Available for 40-Pin Target Connector 
Holes Available for 2S-Pin ZIF Socket 
Socket Available for 2S-Pin Target Connector 

Software (IBM PC platform) 
ZS9 /ZS09 /ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Emulator GUI Host Package 

Documentation 
Emulator User's Guide 
ZS Cross Assembler User's Guide 
MOBJ Link/Loader User's Guide 
Registration Card 
ZS CCP Emulator GUI User's Guide 
Discrete ZS Data Book 
ZS Microcontroller Technical Manual 

ORDERING INFORMATION 
Part No: ZS6CCPOOZEM 



ZB&CCPOOZAC EMULATOR KIT 
PRODUCT SPECIFICATION 

DEVICES SUPPORTED: Z86C31/E31, Z86C30/E30, Z86C40/E40 

DESCRIPTION 
The Z86CCPOOZAC is the accessory kit for the 
Z86CCPOOZEM. The kit contains all accessories to fully 
populate and operate all functions of the Z86CCPOOZEM. 

SPECIFICATIONS 
Emulatlon Specification 

Maximum Emulation Speed 8 MHz 
Minimum Emulation Speed 1 MHz 
Maximum Emulation Speed 
Stand-Alone Mode 16 MHz 

Minimum Emulation Speed 
Stand-Alone Mode DC 

Power Requirements 
+8V Vdc @ 0.5 A 

Dimensions 
Width: 7.0 in. (17.7 cm) 
Length: 9.0 in. (22.9 cm) 

Serlal Interface 
RS-232C @ 19200 baud 

System Requirements 
IBM-Compatible 286@ 12 MHz or Newer 
CPU Running DOS 5.0 or Higher 

Windows Version 3.0 or Higher 
720 Kbytes of Disk Space 
512 Kbytes of RAM 

KIT CONTENTS 
Z8 CCP Emulator Kit 

28-Pin ZIF Socket 
28-Pin Target Connector Cable 
40-Pin ZIF Socket 
40-Pin Target Connector Cable 
RS-232 Cable 
Power Cable 

Software (IBM PC platform) 
Z89 /Z80"'/Z80or? Cross Assembler 
MOBJ Link/Loader 
Emulator GUI Host Package 

Documentation 
Emulator User's Guide 
ZS Cross Assembler User's Guide 
MOBJ Link/Loader User's Guide 
Registration Card 
ZS CCP Emulator GUI User's Guide 
Discrete ZS Data Book 
ZS Microcontroller Technical Manual 

ORDERING INFORMATION 
Part No: Z86CCPOOZAC 
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ZB® S SERIES EMULATORS 
BASE UNITS AND PODS 

DESCRIPTION 
The system comprises 24 MHz or 33 MHz base unit 
options, and pod options which allow the emulation of 
various Z8 microcontrollers. Features include real-time 
transparent emulation up to 33 MHz, in-line symbolic 
assembler and disassembler, real-time hardware 

SPECIFICATIONS 
Mlcrocontrollers Emulated: 

Z86C1200ZPD 
Z86COO, Z86C10, Z86C11, Z86C20, Z86C21, 
Z86E21, Z86C91 , Z86C61, Z86C63 

Z86C5000ZPD 
Z86C03,Z86C06,Z86C09,Z86C19,Z86C30, 
Z86C31,Z86C40,Z86C90 

Z86C9300ZPD 
Z86C93 (24 MHz) 

Z86C9301ZPD 
Z86C93 (33 MHz) 

Z86C9500ZPD 
Z86C95 (24 MHz) 

Z86C9501 ZPD 
Z86C95 (33 MHz) 

Maximum Emulation Speed: 
Up to 24 MHz (microcontroller dependent) 
Up to 33 MHz (Z86C93 and Z86C95) 

Size: 
260 mm wide, 260 mm deep, 64 mm high 

Operating Temperature: 
o·c to +40°C 

Storage Temperature: 
-10°c to +65°C 

Operating Humidity: 
Oto90% 

Maximum Emulation Program and Data Memory: 
64 Kbytes 

Program Memory Mapping: 
1K blocks 

Pass Counters: 
Two, 16-bit each 

Trace Buffer: 
32K- 80 bits 

12-14 I 
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breakpoints, eight channel user logic analyzer, external 
trigger input and outputs, trace display and memory dis
play/edit during execution, and window or command driven 
user interface. 

Sequencer: 
Hardware, 8 levels 

User Probe: 
Eight channel logic input 
One trigger input 
Seven trigger outputs (Events, Pass Counters, 

Sequencer) 

Host Interface: 
Asynchronous RS-232C 
9600/115 KBaud 
XON/XOFF support 

Fiie Upward/Downward Format: 
Zilog MUFOM (EEE 695-1985) 
lnte11111 HEX 
Intel AOMF 
2500AD1111 Software 

MINIMUM HOST REQUIREMENTS 
• IBMa1 compatible PCJXT/AT/386/486 or PS-2 
• 640 Kbyte memory 
• 20 Mbyte hard disk 
• RS-232 serial port (COM 1 or COM 2) 
• Mouse (serial or bus) 
• MDA, CGA, EGA, or VGA video adaptor 

MINIMUM EMULATION SUPPORT 
• One base unit 
• One emulation pod 

ORDERING INFORMATION: 
Base Unit Emulatlon Pod 

Z86COOOOZUSP064 
Z86C0001 ZUSP064 (33 MHz) 
Z86C9500ZUSP064 
Z86C9501 ZUSP064 (33 MHz) 

Z86C1200ZPD 
Z86C5000ZPD 
Z86C9500ZPD (24 MHz) 
Z86C9301 ZPD (33 MHz) 
Z86C9500ZPD (24 MHz) 
Z86C9501 ZPD (33 MHz) 



•2H CJ6 
ZS Support 

c 
Company Assembler Compiler 

Allen Ashley x 
Avocet Systems x 
Byte Craft x 
Cybernetic Micro x 
Micro Computer Control x x 
Micro Dialects x 
Production Language Corp. x x 

Pseudo Corp. x 
Software Development x 

Systems 

Western Wares x 

2500AD Software x x 

Supers• Support 
c 

Company Assembler Compiler 

Allen Ashley x 
Micro Computer Control x 
Pseudo Corp. x 
2500AD Software x 

Simulator 

x 

x 

x 

x 

x 

Simulator 

x 

x 
x 

ZS® HARDWARE AND SOFTWARE 
THIRD PARTY SUPPORT 

Operating Phone 
System Number 

DOS, CP/M (818) 793-5748 

DOS (800) 448-8500 

DOS (519) 888-6911 

DOS (415) 726-3000 

DOS (609) 466-1751 

Macintosh (513) 271-9100 

DOS (817) 599-8363 
(386+) 

DOS (804) 873-1947 

DOS (800) 448-7733 
UNIX 

DOS (303) 327-4888 
CP/M-80 

ISIS-11 

DOS (719) 395-8683 
UNIX 
CP/M 

VAX VMS 

Operating Phone 
System Number 

Macintosh (818) 793-5748 

DOS (609) 466-1751 

DOS (804) 873-1947 

DOS (719) 395-8683 
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~2.il ar; Z8® HARDWARE AND SOFTWARE 
THIRD PARTY SUPPORT 

Part Number 

Emulators ~,,,(0.l::'.'"4'#"~~k ... "-L.'l<"'L.~<b"L ... cf7c§>A'l>~W 
Develo~ment ~tem 1'~~ ~~ "v~"v~"v~"v~~"v~"vf6l. "v~ "v~N~qi 
Creative Technology • • • • 
iSystems 

JK Board V.3.8 • • • • 
Micro lime • • • • 
Orion Instruments B B B • 
Signum Systems 

Wytec 

A = Emulate with Z86C0800ZDP Adaptor 
B = Emulate with Z8612 Board 

• 
• • • 

• • • • • 
A • • • • • • • • • • • 
A • • • • • c D D D D D 

• • • • • 
A • • • • • 

C = Emulate with Z86C0800ZDP and Z8612 Board or Z86COBOOZEM 
D = Emulate with Z8612 Board 
E = Emulate with Z86C90 Board 

Data 1/0, Inc. 

Logical Devices, Inc.• e e e e e 
Needham, Inc. •• • 
SmartAccess, Inc. e e 
• Single and Gang Programming Available 

12·16 
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~2.H I a., 
Hardware Support 

Company Product Phone 

American Automation Emulator (714) 731-1661 
Applied Microsystems Emulator (206) 882-2000 
Hewlett-Packard Emulator pods for (800) 4HP-DATA 

HP 64000/UX/PC 
Huntsville Microsystems Emulator (205) 881-6005 
iSystems (Germany} Emulator 08131-25083 
Micromint SB180,SB180FX, (800) 635-3355 

BCC180,RTC180 
MicroWorks Prototyping board (408) 997-1644 
Orion lnstrumentst Emulator (415) 327-8800 
Pentica Systems, Inc. Emulator (617) 577-1101 
Softaidtt Emulator, ICEBOX, (800) 433-8812 

ICE Analyzer 
(symbolic debug) 

Sophia Systems Emulator, SA2000 (415) 493-6700 
Versalogic Z80STD Bus (503) 485-8575 

circuit board 
Z-World IBMPC (916) 753-3722 

Development Bd. 
Zaxtek Emulator (714) 474-1170 
Zilog S180+ESCC *Call Zilog* 

(Z8S18000ZCO) 
Application Board 

Zilog Z80181 Eval. Kit *Call Zilog* 
(Z8018100ZCO) 

Zilog Z84C15 Eval. Kit *Call Zilog* 
(Z84C1500ZCO) 

Zilog Z84C50+KIO *CallZilog* 
Application Bd. 
(Z84C5000ZCO) 

Zilog Z84C01+KIO *CallZilog* 
Development Bd. 
(Z84C9000ZCO) 

Emulation Technologytt Emulator (408) 982-0660 

Note: 
Z80180 Emulators can be utilized for Z80182 in Eval Mode 1. 
t Supports Z182 in Mode O also. 
tt Supports Z182 in Mode 2 also. 

68 PLCC Socket Manufacturers: 
Methode, TNB, ITT, Cannon, Precicontact 

64 Shrink DIP Socket Manufacturers: 
Tl, Bevar, Yamaichi 

44180/100 Pin QFP: 
ZIF {Zero Insertion Force) sockets for prototyping may be 
obtained from Yamaichi Electronics, {408) 450-0797. 

100-Pln QFP Cllp: 
Emulation Technology, 408-982-0660 

Z808 & Z80180 HARDWARE AND 
SOFTWARE THIRD PARTY SUPPORT 

Assemblers and Cross Assemblers 

Company Host/Comments Phone 

2500AD C; IBM PC, CP/M, (800) 843-8144 
V/!\X,Sun 

American Automation C; IBMPC (714) 731-1661 
Archimedes C; IBM PC, Sun, (415) 567-4010 

V/!\X,HP 
Avocet Systems C; IBMPC (800) 448-8500 
Laboratory Forth; IBM PC (213) 306-7412 

Microsystems 
MicroDialects Z80/Z180 for (513) 271-9100 

Apple Macintosh only 
Microtek Research C Compilers; (408) 980-1300 

PC DOS, Sun Spare 
MPE Forth; IBM PC (716) 461-9187 
Softaid MT-Basic; IBM PC (800) 433-8812 
Softools C Compilers; (410) 750-3733 

ANSI C compatibility 
with ET emulator 

Software Development Systems (708) 990-4640 
C; Uniware, IBM PC, 
V/!\X, UNIX/VMX, Apollo 

Z-World Dynamic C; IBM PC (916) 753-3722 

Simulators/Applications Software 

Company Host/Comments Phone 

Avocet Systems Simulator/IBM PC (800) 448-8500 m Lear Com Company Simulator/IBM PC (303) 232-2226 
Logisoft 8080 to Z80 Translator (408) 773-8465 
Micromint Z-System OS (800) 635-3355 
Softaid Z80180 Guide, (800) 433-8812 

IBM PC diskette 
TheAG Group LLAP Dvmnt/Apple (510) 937-7900 
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'tl2il en; Z80, Z80180, Z80280, & Z80380 HARDWARE 
AND SOFTWARE THIRD PARTY SUPPORT 

zao a zao1 eo High Level 
Language Compilers 

Company Language Host Phone 

2500AD C, IBMPC, {800) 843-8144 
CP/M, VAX 

American Automation C, IBMPC (714) 731-1661 
Archimedes C, IBM PC, Sun, {415) 567-4010 

VAX, HP 
Avocet Systems C, IBMPC {800) 448-8500 
Laboratory Forth IBM PC {213) 306-7412 

Microsystems 
Microtek Lab, Inc. C, Pascal IBM PC, {213) 321-2121 
Microtek Research Sun Micro, VAX {408) 980-1300 
MPE Forth IBM PC (716) 461-9187 
Softaid MT-Basic IBM PC {800) 433-8812 
Software Develop- C, IBM PC, VAX, {708) 971-8170 

ment Systems Sun, Apollo 
Z-World Dynamic C, IBM PC (916) 753-3722 

Note: ZB0/64180 software Is also compatible with the Z80180. 

Simulators 

Company Host/Comments Phone 

Micro Methods, Inc. IBM PC (ZRPM) (503) 861-1765 

High Level Language Compilers 

Company Language Host Phone 

2500AD C, IBM PC, CP/M, VAX (800) 843-8144 
Computer Design C, IBM PC (704) 876-2346 
Solutions 

Note: zeo software is object code compatible with the Z280. 

This is NOT a complete list of hardware and software vendors 
who supportZilog products. Please contactthe Zilog sales office 
nearest you if what you are looking for is not on this list. This list 
is for reference only and is not an endorsementfor any company. 
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Communications Software Support 
SCC Physical Layer Drlvara and Upper Layer Software 

Company Software Phone 

AT Barret Assoc. {713) 728-8688 
Forward Technology Software drivers {516)496-9033 

for SCCs/ESCCs 
GCOM Drivers for SCCs/ {217) 337-4471 

ESCCs/ISCC for many 
common protocols including 
Frame Relay, X.25, LAPD, 
SDLC/HDLC 

Probitas LLAP Driver, {415) 941-2090 
AppleTalk9 protocol stack, 
custom projects 

Real Time Kernel 
Trillium Digital Systems 

SCC Physical Layer, X.25, ISDN, 
Frame Relay Networking Layers 

Z80280 Hardware Support 
Company System Name 

Computer Design STD Buscard & 
Solutions Z280 Dvmnt. Board 

Softaid Z280 ICE Analyzer 

68 PLCC Socket Manufacturers: 
Methods, TNB, ITI, Cannon, Precicontact 

{800) 525-4303 
{310) 479-0500 

Phone 

{704) 876-2346 

(800) 433-8812 

Z80280 Assemblers and Cross Assemblers: 

Company Host/Comments Phone 

2500AD IBM PC, CP/M, VAX {800) 843-8144 
(704) 876-2346 Computer Design IBM PC 

Solutions 

Z80380 Hardware Support 
Company 

Sign um 
Zilog 

System Name Phone 

In-Circuit Emulator (805) 371-4608 
Z80380 Evaluation Kit 

Z380 Assemblers and Cross Assemblers: 

Company 

PLC 
2500AD 

Host/Comments Phone 

IBM PC, Unix {817) 599-8365 
IBM PC, CP/M, VAX (800) 843-8144 



•2ilJ a., ZILOG PRODUCTS 
THIRD PARTY SUPPORT 

Company Product Company Product 

Allen Ashley Assembler Logical Devices, Inc. OTP Programmer 
395 Sierra Madre Villa Disassembler 1201 NW 65th Place (Z86E21, Z86E22) 
Pasadena, CA 91107-2902 Simulator Fort Lauderdale, FL 33309 
(818) 793-5748 (800) 331-7766 

Avocet Systems Assembler Micro Computer Control Assembler 
120 Union Street P.O. Box 275 / 17 Model Ave. C Compiler 
Rockport, ME 04856 Hopewell, NJ 08525 Simulator 
(BOO) 448-8500 (609) 466-1751 

Byte Craft Limited CCompiler Micro Dialects Assembler 
421 King Street North P.O. Box 30014 
Waterloo, Ontario Cincinnati, OH 45230 
Canada N2J4E4 (513) 271-9100 
(519) 888-6911 

Micro Time Emulator 
Creative Technology Emulator 10F No. 1180 Chen-De Rd. 
5144 Peachtree Road 11148 Taipei, Taiwan, R.0.C. 
Suite 301 11-886-2-881-1791 
Atlanta, GA 30341 

MPE Forth Complier (404) 455-8255 
2604 Elmwood Ave. 

Cybernetic Micro Systems Assembler Rochester, NY 14618 
P.O. Box 3000 (716) 461-9187 
San Gregorio, CA 94074 

Needham Electronics OTP Programming (415) 726-3000 
4539 Orange Grove Ave. 

Dantrol Emulator Sacramento, CA 95841 
1910 Rena Ln. (916) 924-8037 
Dalton, GA 30720 

Orion Instruments Emulator (404) 226-3714 
180 Independence Dr. m Data 1/0, Inc. OTP Programmer Menlo Park, CA 94025 

10525 Willows Road N.E. (Z86E21) (415) 327-8800 
P.O. Box 97046 

Production Languages Corp. Redmond, WA 98073-9746 Assembler 

(206) 867-6829 P.O. Box 109 Simulator 
Weatherford, TX 76086-0109 C Compiler 

iSystems GmbH Emulator (817) 599-8363 
Einsteinstr. 5 
W8050 Dachau, Germany Pseudo Corp. Assembler 

(49) 8131-25085 716 Thimble Shoals Blvd. Ste. E Disassembler 
Newport News, VA 23606 Simulator 

J K Engineering Emulator (804) 873-1947 
37 Kallang Pudding Rd. Blk. B 

Signum Systems Emulator Tong Lee Bldg. #08-03 
Singapore 1334 171 E. Thousand Oaks Blvd. 

011-65-7448418 Thousand Oaks, CA 91360 
(805) 371-4608 

Laboratory Microsystems Forth Compiler 
12555 West Jefferson Blvd. 
Los Angeles, CA 90060 
(213) 306-7412 
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•2H en; 
Company Product 

Smart Access, Inc. OTP Programmer 
124 Robin Road (Z86E21, Z86E22) 
Altamonte Springs, FL 32701 
(407) 331-4724 

Software Development Systems Assembler 
4248 Belle Aire Lane 
Downers Grove, IL 60515 
(800) 448-7733 

Software Science ZS- Prototyping System 
3750 Round Bottom Road 
Cincinnati, OH 45244 
(513) 561-2060 
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ZILOG PRODUCTS 
THIRD PARTY SUPPORT 

Company 

Western Wares 
P.O. BoxC 
Norwood, CO 81423 
(303) 327-4898 

Wytec 
185C East Lake Street Ste. 140 
Bloomingdale, IL 60108 
(708) 894-1440 

2500AD Software, Inc. 
109 Brookdale Ave. 
P.O. Box480 
Buena Vista, CO 81211 
(719) 395-8683, or 800-843-8144 

Product 

Assembler 

Emulator 

Assembler 
C Compiler 

Simulator 
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BLOCI 
DIAGRAM 

Parrtu.ER 

llEsama 

PRacmJSpm 

Furum 

PACU&E 

........ 
PRmUCTS 

ROM 
UART , 
8611 i CPU 

COUNTER/ l 
TIMERS RAM 
PDIP1JP2JP3 

Z81100/l8111 

7!d9 NMOS (CCP1 
Z8600 = 2K ROM 
Z8611 = 4K ROM 

NMOS: 8,12 MHz 

• 2K/4KROM 
• 128 Bytes RAM 
• 22132 VO Lines 
• On-Chip Oscillator 
• Two Counter/Timers 
• Six Vedored, Priority Interrupts 
• UART (Z8611 Only) 

28-Pin DIP 
40-Pin DIP 
44-Pin PLCC 

Z86C12002EM - Enatlator 
Z0860000ZCO - Evaluation Board 
Z0860000ZOP -Adaptor Kit 

II 

ROM 
CPU 

P2 

mc381E31J1:311E31 

7!d9 Consumer Conlroller Processor (CCP1 
Z86C30 = 28-Pin, 4K ROM 
Z86C31 = 28-Pin, 2K ROM 
Z86C40 = 40-Pin, 4K ROM 
Z86E30, Z86E31, Z86E40 =OTP Version 

CMOS:12MHz 

• 4K ROM/236 RAM 
• Two Standby Modes 
• Two Counter/Timers 
• ROM/RAM Prolect 
• Four Polls (Z86V10JE40) 
• Three Polls (Z86C3M30,IC31/E31) 
• Low-Voltage Protec.1ion 
• Two Analog Comparators 
• Low-EM! Option 
• Watch-Dog Timer IWOn 
• Auto Pnwer-On Reset 
• Low-Power Option 

28-PlnDIP 
40-PinDIP 
44-Pin PLCC, QFP 

Z86CCP002EM - Elllllator 
Z86CCPOOZAC - Enatlator 
Z86C5000ZEM - Emulator 
Z86E3000ZDP -Adaptor Kil 
Z86E4000ZDP - Program Adaptor Kit 

ZB DSP 
24K 4K 
ROM ROM 
AID D/A 

31 or 47 DIGITAL 1/0 

Z89C&5ID9C&I 

Telephone Answering Controller 
Z89C66 = ROMLess with 31 VO Pins 

CMOS:20MHz 

• 24K ROM (Z89C65 Only) 
• 16-BitOSP 
• 4KWordROM 
• 8-BH ND with Automatic 

Gain Control (AGC) 
• OTMF Macro Available 
• LPC Macro Available 
• 10-Bit PWM 0/A 
• Other OSP Sollware Options Available 
• 47 VO Pins (Z89C65 Only) 

68-Pin PLCC 

Z89C6501 ZEM -Emulator 
Z89C6500ZOB - Emulator 

ZS DSP 
24K 6K 
ROM ROM 
AID D/A 

31 or 47 DIGITAL VD 

D911i51ZB91• 

Low-Cost OT AD Controller 
Z89166 = ROMLess wilh 31 VO Pins 

CMOS:20MHz 

• 24K ROM (Z89165 Only) 
• 16-BitOSP 
• 6K Word OSP ROM 
• 8-Bit ND with Automatic 

Gain Control (AGC) 
• OTMF Macro Available 
• LPC Macro Available 
• 10-Bit PWM 0/A 
• Other DSP Software Options Available 
• 47 VO Pins (Z89165 Only) 

68-Pin PLCC 
80-PinQFP 

Z89C6501ZEM - Enatlator 
Z89C6500ZDB - Emulator 
Z8916500ZCO - Evaluation Board 
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BLOCK 
DIAGRAM 

Pm l•BER 

DESClllPTIDI 

PRocESS/SPEED 

FEATURES 

PACDGE 

SuPPmn' 
PRoncTs 

Z8 DSP 

TMK &KROM 

RAM PORT CODECINTF. 

RE~H I PWM 
27 or 43 DIGITAL l/O 

Z89Cl7/ZBICl8IZ89C&9 

Teletone Answering Controller 
Z89 51=24 Kbytes of Pro9ram ROM 
Z89C68 = ROMLess with 2 VO Pins 
Z89C69 = 32 Kbytes of Program ROM 

I CMOS: 20 MHz 

I • 16-Bit DSP 
• 6KWordROM 
• DTMF Macro Available 
• LPC Macro Available 
• 10-Sit PWM D/A 
• Other DSP Software Options Available 
• Al!AMA)RAM/ROM Controller and Interlace 
• Dual CODEC Interlace 
• 43 VO (Z89C& Only) 

84-Pin PLCC 

Z89C5900ZEM - Emulator 
Z89C6700ZEM - Emulator 
Z89C6700ZDB - Emulator 
Z8916902ZCO - Evaluation Board 

Z8 DSP Z8 DSP 
24KROM 8KROM 32KROM 8KROM 

RAM PORT CODEC INTI: RAM PORT COOECINTI: 
RAM CODEC INTI: REFRESH 

RAM CODECINTF. REFRESH 
27 or 43 DIGITAL l/O 27 or 43 DIGITAL 1/0 

Z891&7/ZB9168 I Z89189 

Enhanced Tel:.one Answerjf Controller 
Z89168 = RO Less with 27 Pins 

I Enhanced Telephone 
Answering Controller 

I CMOS: 24 MHz I CMOS: 24 MHz 

• 24KROM (Z891670nly) • 32KROM 
• 16-BitDSP • 16-BitDSP 
• BKWordROM • 8KWordROM 
• DTMF Macro Available • DTMF Macro Available 
• LPC Macro Available • LPC Macro Available 
• 10-SitPWMD/A • 10-Bit PWM D/A 
• Other DSP Software Options Available • Other DSP Software Options Available 
• ARAM/DRAMIROM • ARAM/DRAMIROM 
• Dual CODEC Interface • Dual CODEC Interface 
• 43 VO (Z89167 Only) • 431/0 

84-Pin PLCC 84-Pin PLCC 
100-PinQFP 100-Pin QFP 

Z89C5900ZEM - Emulator Z89C5900ZEM - Emulator 
Z89C&OOZEM - Emulator Z89C&OOZEM -Emulator 
Z89C6700ZDB - Emulator Z89C6700ZDB - Emulator 
Z8916902ZCO - Evaluation Board Z8916902ZCO - Evaluation Board 
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4KCHARROM 
ZBCPU I RAM 

OSD 
13 ITIMERI 5 

PWM WDT PORTS! 

3KCHARROM 
ZBCPU I RAM 

OSD 
7 'TIMER! 3 

PWM WDT !PORTS 

CHAR ROM 

COMMAND 
INTERPRETER 

ANALOG 
SYNC/DATA I OSD 

SLICER CTRL 

PART NUllBER I '1JJ6C?://17:1W//47/fA7 Z86227 Z8&128/Z8&228/Z8&129 

OESCRIPTIOI 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SUPPORT 
PRODUCTS 

Digital Television Controller I Standard ore· Features withl ZB612B/228 = Line 21 Closed 
(OTC•) Television, VCRs, and Reduced ROM, RAM, PWM Outputs Caption Controller (L21 c•) 
Cable for Greater Economy Z86129/228 = Line 21 Closed 
Z86E47 =OTP Version Caption and EDS Controller 

CMOS:4MHz 

• BK/16K/OTP ROM 
• 256 Byte RAM 
• 160x7-Bit Video RAM 
• On-Screen Display 

(OSD) Video Controller 
• Programmable 

- Color 
- Size 
- Position Attributes 

• 13 PWMs for D/A Conversion 
• 128-Character Set 
• 4Kx6-Bit Char. Gen. ROM 
• Watch-Dog Timer (Won 
• Low-Voltage Protection 
• Five Ports/36 Pins 
• Two Standby Modes 
• Low-EM! Mode 

64-Pin DIP 

CMOS:4MHz 

• 6K ROM, 256 Byte RAM 
• 120x7-Bit Video RAM 
• OSD On-Board Programmable 

- Color 
- Size 
- Position Attributes 

• 7PWMs 
• 96 Character Set 
• 3Kx6-Bit Char. Gen. ROM 
• Watch-Dog Timer (Won 
• Low-Voltage Protection 
• Three Ports/20 Pins 
• Two Standby Modes 
• Low-EMI Mode 

40-Pin DIP 

CMOS: 12 MHz 

• Conforms to FCC Line 21 
Format 

• Parallel or Serial Modes 
• Stand-Alone Operation 
• On-Board Data Sync and 

Slicer 
• On-Board Character Generator 

- Color 
- Blinking 
- Italic 
- Underline 
- Extended Data Services 

18-Pin DIP 

ZB6C2700ZCO - Evaluation Boardl Z86C2700ZDB - Emulator I Support Documentation 
Z86C2700ZDB - Emulator Z86C2702ZEM - Emulator Provided with the device 
Z86C2700ZEM - Emulator Z86C2700ZCO - Evaluation Board 

II 

1K/6K ROM 
ZBCPU 

WDT 124RAM 
P2 P3 

Z8&L06/Z8&l29 

ZB6L06 = Low-Voltage CMOS 
Consumer Controller Processor 
ZB6L29 = 6K Infrared Remote 
Controller 

Low-Voltage CMOS: 8 MHz 

• 1K ROM and 6K ROM 
• Watch-Dog Timer (WDn 
• Two AnalOQ Comparators with 

Output Option 
• Two Standby Modes 
• Two Counter/Timers 
• Auto Power-On Reset 
• 2V Operation 
• RC Oscillator Option 
• Low-Noise Option 
• Low-Voltage Protection 
• High-Current Drivers (2, 4) 

18-Pin DIP 
18-Pin SOIC 

ZB6C5000ZEM - Emulator 

2K/8K/16K ROM 
ZBCPU 

WDT 128,256, 
768RAM 

POIP1IP2IP3 

ra1omf12/13n4 
75/16f11n& 

Zilog Infrared Remote Controllers 
(ZIRC") for IR Remote/Battery Operated 
Applications Ranging in ROM: L70=2K, 
L71=8K,L72&78=16K,L73&74=32K, 
L75=4K,L76=12K,L77=24K 

Low-Voltage CMOS: 8 MHz 

• Watch-Dog Timer (Won 
• Two Analog Comparators 

with Output Option 
• Two Standby Modes 
• Two Enhanced Counter/Timers 

- Auto Pulse 
- Reception/Generation 

• Auto Power-On Reset 
• 2V Operation 
• RC Oscillator Option 
• Low-Voltage Protection 
• High-Current Drivers 

- Three OTP Versions 
Available 
- Z86E72/73/7 4 

Z86L71 =20-Pin DIP/SOIC 
Z86L70/L75=18-Pin DIP, SOIG 
Z86L72/L76/l77=40,44-Pin DIP. 

PLGC, QFP 
Z86L7 4=64/68-Pin 

Z86L7200TSC - Emulator 
Z86L71 OOZEM - Emulator 
ZB6L71 OOZDB - Emulator 
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PARTN•BER 

DESCRIPTI• 

PnocmlSPEED 
FEATIIRES 

PACIAGE 

SuPPORT 
PRODUCTS 

4KROM 
CPU 

WOT 236 RAM P1 
P2 P3 PO 

Z8&C40/Z88E48 

ZS- Consumer Controller 
Processor (CCPj 
Z86EM> = OTP Version 

CMOS: 12 MHz 

• 4K ROM, 236 RAM 
• Two Standby Modes 
• Two Counter/Timers 
• ROM Protect 
• RAM Protect 
• FourPorts 
• Low-Voltage Protection 
• Two Analog Comparators 
• Low-EMI Mode 
• Watch-Dog Timer (WOT) 
• Auto Power-On Reset 
• Low-Power Option 

40-PinDIP 
44-Pin PLCC 

Z86C5000ZEM - Emulator 
Z86GCPOOZEM - Emulator 
ZB6E4000ZDP -Adaptor Kit 
ZB6E4000ZDV - Adaptor Kit 

Z8&C&1/Z8&C&2 

ZS- MCU with Expanded VOs 

CMOS: 16, 20 MHz 

• 16KROM 
• Full-Duplex UART 
• TWO Standby Modes 

(STOP and HALT) 
• Two Counter/Timers 
• ROM Protect Option 
• RAM Protect Option 
• Pin Compatible to Z86C21 
• Z86C61 = Four Ports 
• Z86C62 = Seven Ports 

Z86C61 = 40-Pin DIP 
Z86C61 = 44-Pin PLCC,QFP 
Z86C62 = 68-Pin PLCC 

Z86C5000ZEM - Emulator 
Z86CCPOOZEM - Emulator 

12K/16Kfl4K ROM 
DSPCORE 
RAM l2c 
OSDCCD 

PWM I WOT 12 POIITT 

~4 

Advanced TV Controller with 
Closed Caption Decoder (CCD}, 
SlarSight*, OSD for TV, VCR, 
Cable, Satellite 
Z89301 = OTP Version 

CMOS:12MHz 

• SlarSight Capability 
• Closed-Captioning 
• DSP12Ml-lz 
• 16-Bi~ 512 Byte (ZB9314) 
• 640 Byte RAM 
• 12K/16Kfl4K ROM 
• Programmable OSD 
• 12C*,7PWM 
• 3-Channel ADC 
• Watch-Dog Timer (WOT) 
• Two Ports 
• 32 kHz, XTAL 
• Low-Power Mode 
*Not Available on Z89314 

40-Pin SDIP 

ZB930900ZEM - Emulator 
ZB930900TSC - Emulator 
ZB930901TSC - Emulator 

DSPCORE 
RAM 1zc 
OSDCCD 

PWM !WDTj2 PORTS 

Z89301/83/05llfl /13 

Advanced TV Controller with CCD 
SlarSight, for TV, VCR, Cable, 
Satellite 
Z89301 = OTP Version 

CMOS:12MHz 

• SlarSight Capability 
• Closed-Captioning 
• DSP12Ml-lz 
• 16-Bit, 640 Byte RAM 
• 12K/16K/24K ROM 
• Programmable OSD 
• 12C,9PWM 
• 4-Channel ADC 
• Watch-Dog Timer (WOT) 
• TwoPorts 
• 32kl-lz,XTAL 
• Low-Power Mode 

52-Pin SDIP 

ZB930900ZEM - Emulator 
Z8930900TSC - Emulator" 
Z8930901TSC - Emulator 

RAMl2C 
OSD CCD 

PWM IWDTl2 PORTS 

Z89331/Z89336 

Advanced TV Controller with 
CCD SlarSight, OSD for TV, 
VCR, Cable, Satellite 
Z89301 = OTP Version 

CMOS: 12Ml-lz 

• SlarSight Capability 
• Closed-Captioning 
• DSP12Ml-lz 
• 16-Bit, 640 Byte RAM 
• 12K/16K/24K ROM 
• Programmable OSD 
• 12C,7PWM 
• 5-Channel ADC 
• Watch-Dog Timer (WOT) 
• Two Ports 
• 32 kHz, XTAL 
• Low-Power Mode 

42-Pin SDIP 

Z8930900ZEM - Emulator 
Z8930900TSC - Emulator 
ZB930901TSC - Emulator 
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PART NuMBER 

DESCRIPTION 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SuPPORT 
PRODUCTS 

5128y1e ROM 

7J!l>CPU 

WOT 64RAM 

P2 P3 

Z86C03 

Consumer Controller Processor (CCP") 
with 512 Byte ROM 

CMOS:8MHz 

• 512 Byte ROM 
• 64ByteRAM 
• Two Standby Modes 
• One Counter/Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection 
• 14VO 
• RC Oscillator Option 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86CCPOOZEM - Emulator 
Z86CCPOOZAC- Emulator 

II 

1KROM 

ZS9CPU 
- 1128 WOT RAM 

PO l P2 

Z86C04/Zl&E04 

Z86C04 = 8-Bit Low Cost 1 Kbyte ROM MCU 
Z86E04 =OTP Version 

CMOS:8MHz 

• 1 KbyteROM 
• 128 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 141/0 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86C0800ZCO - Evaluation Board 
Z86C0800ZDP - Adaptor Kit 
Z86C1200ZEM - Emulator 
Z86C1200ZPD - Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

ZS"CPU 
128 

WOT I RAM 

SPI 

P2 I P3 

Z8&Cll6 

Consumer Controller Processor (CCP") 
with 1 Kbyte ROM 

CMOS: 12 MHz 

• 1 KbyteROM 
• 128-Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparator 
• Auto Power-On Reset 
• Low-Voltage Protection {ROM Only) 
• 141/0 
• RC Oscillator Option 
• Serial Peripheral Interface (SPI} 

18-Pin DIP 
18-Pin SOIC 

Z86E0600ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZDP - Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 
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BLOCK 

DIAGRAM 

PART NUMBER 

DESCRIPTION 

PROCESS/SPEED 

fEATUm 

PACKAGE 

SUPPORT 
PRODUCTS 

----. I 
2KROM --., 

I ZS9CPU 
128 WOT RAM 

PO P2 

Z86C08JZB&E08 

Z86C08 = Z8'8 MCU with 2 Kbyte ROM 
Z86Bl8 = OTP Version 

CMOS:12MHz 

I • 2 Kbyte ROM 
• 128 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Vollage Protection (ROM Only) 
• 141/0 
• Low-Noise Option 

18-Pin DIP 
18-Pin SOIC 

Z86C0800ZCO - Evaluation Board 
Z86C0800ZDP - Adaptor Kit 
Z86C1200ZEM- Emulator 
Z86C1200ZDP-Adaptor Kit 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

I Z8&C38JZB6E30 

Z86C30 = Z8'8 (CcP·) with 4 Kbyte ROM 
Z86E30 = OTP Version 

CMOS: 12MHz 

• 4KbyteROM 
• 236 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 241/0 
• RC Oscillator Option 
• Low-Noise Option 

28-Pin DIP 

Z86E3000ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 

2KROM 
ZS9CPU 

~ RAM 
P3 

P2 

Z8&C31JZB&E31 

Z86C31 = 8-Bit MCU with 2 Kbyte ROM 
Z86E31 = OTP Version 

CMOS:8MHz 

• 2 Kbyte ROM 
• 128 Byte RAM 
• Two Standby Modes 
• Two Counter/Timer 
• ROM Protect 
• Two Analog Comparators 
• Auto Power-On Reset 
• Low-Voltage Protection (ROM Only) 
• 241/0 
• RC Oscillator Option 
• Low-Noise Option 

28-Pin DIP 
28-Pin PLCC 

Z86E3000ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 
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BLOCK 
DIAGRAM 

Bus l DAC 
llF llF 
5ampteRatll 

Generator 

sound BlastBr 
Command Sat 

lnterpreler 

MIDI 
Interface 

PART NUMBER I Z86321 

DESCRIPTION I 8-Bit Digital Audio Processor 

PRocESS,/SPEED 1 cMos: 12 MHz 

FEATURES I • Sound Blaster• Compatible 
• ADPCM Decompression 
• 8-Bil DAC Interlace 
• Successive Approximation ADC 

Algoritant 
• MIDI Interface 

PACKAGE I 40-Pin DIP 
44-Pin PLCC 

SUPPORT I Support Documentation 
PRODUCTS Provided with Device 

m 

DSP 
512 RAMl4K ROM 

16-BITMAC 

Z89320 

Peripherals 
Interface 

16-Bit Digital Signal Processor 

CMOS:10MHz 

• 16-Bit Multiply/Accumulate 
• 100ns 
• 512 Word RAM 
• 4KWordRAM 
• Peripherals Interlace Bus 
• 74 Instruction Set 

40-PinDIP 
44-Pin PLCC 

Z89COOOOZEM - Emulator 

DSP 
512 RAMj4K ROM 

16-BITMAC 

!Peripherals Codec 
Interface l/F 

Z89321tm9371 

16-Bit Digital Signal Processor 
Z89371 = OTP Version 

CMOS:20MHz 

• 16-Bil Multiply/Accumulate 
• 50µi 
• 512WordRAM 
• 4KWordROM 
• Peripherals Interlace Bus 
• CODEC Interlace 

40-Pin DIP 
44-Pin PLCC 

Z8937100ZEM - Emulator 

ISA Bus l/F 
OMA Interface 
Logic Logic 

Interrupt Control 
Logic Logic 

Registers 

Z5380 

Small Computer System Interlace (SCSI) 

Clock: 1.5 Mb/s 

• Compatible 5380 Pin-out 
•CMOS 
• Asynchronous l/F Supports 1.5 Mb/s 
• 48 mA Drivers 
• Arbitration Support 
• Support Normal or Block Mode OMA 

40-Pin DIP 
44-Pin PLCC 

Support Documentation 
Provided with Device 

SoundBlastcr"' is a Trademark of Cttativo Labs, Inc. 
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clo 

ISABusl/F 
OMA lnterlaGe 
Logic Logic 

Interrupt Control 
Logic Logic 

Registers 

PART .... I Z53Cm 

DESCRIPTIOI 

SPmMHz 

FEATURES 

PACU&E 

SUPPORT 
PRODUCTS 

SCSI Adaptor 

Clock: 3 Mb/s 

• ANSI X3, 131-1986 Standard 
• OMA or Programmed VO Data Transfers 
• Asynchronous Interface Support 
• 3Mb/s 
• ISABus VF 
• Glitch Eater 

4o-Pin DIP 
44-Pin PLCC 

Support Documentation 
Provided with Device 

HostllF 
SRAM Conlrol 
Zero Crossing 

lleleclor 

Amlllftu!l81~ 
PlllCassmg Conni 

Z89341/Z89342 

Wave Synthesis Chip Set 

CMOS:36MHz 

• 4-Channel 
• 16-Bit Linear 
• PCM Sound Generator 
• Sampling Rates 20 kHz to 44.1 kHz 
• Support 16-, 18-, and 20-Bil DAC 
• Audio Bandwidth O Hz to 20,000 Hz 
• Direct Interface with PC ISA Bus 
• Direct Support 4Mx16 ROM 

84-Pin PLCC 

Support Documentation 
Provided with Device 

ZZllm* 

Spread Spectrum 
Burst Processor 

CMOS:45MHz 
Clock: 2.048 Mb/s 

Ooon -

• Operates up to 11.1264 Mchips 
Second in Transmit and Receive 
Modes 

• Maximum Data Rate ol 2.048 Mbps 
in Conformance with FCC Regulations 

• Supports Differentially Encoded 
BPSK or QPSK Modulation 

• Full-or Half-Duplex Operation for 
FDD or TDD Implementations 

• Two Independent PN Sequences 
• Power Management Features 

100-Pin VQFP 

Z0200000ZCO - Evaluation Board 

Zl7m 

r.
cami 
Logic 

Cordless Phone 
Transceiver/Controller 

CMOS: 16.384 MHz 

coo 
D6P 
Gan 

• Supports 900 MHz Spread 
Spectrum Cordless Phone 
Design 

• Adaptive Frequency Hopping 
• Transmit Power Control 
• Bus Interface to ADPCM 

Processor 
• 12K Words of RAM for 

Transceiver and Phone 
Control Software 

• 32 Pins of Program VO 
• ROM Code, OTP and ICEBOX

Version to be Available 03194 

84-Pin PLCC 

Z870000ZEM - Emulator 

~ is.fO!d UlldcrUcaucfrom. Stlllfim:I Tckmmmulliadom. lac.ASIC ancl Cuscom. Pnidue11 Om.ion 
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PART NUMBER 

DESCRIPTION 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SUPPORT 
PRODUClS 

4KROM 

Z89CPU I RAM 

Countermme"' 
WOT 

POIP11P21P3 

Z8&15 

Keyboard MCU 

NMOS: 4, 5 MHz 

• 4KROM 
• 124-Byte RAM 
• 32 VO Lines 
• Two Counter/Timers 
• Watch-Dog Timer (WDD 
• RC Oscillator 
• Dedicated Row Column Pins 
• Data/Clock Pins 
• Direct Connect LED Pins 

40-Pin DIP 
44-Pin PLCC 

ZOB61500ZCO - Evaluation Board 
Z66C1200ZEM-Emulator 
Z0861500ZOP - Adaptor Kit 

m 

Z8&14/Z8602 

ZB602 = 2K ROM Keyboard MCU 
ZB614 = 4K ROM Keyboard MCU 

NMOS:4MHz 

• 4KROM 
• 124 Byte RAM 
• 32 1/0 Lines 
• Two Counter/Timers 
• Dedicated Row Column Pins 

40-Pin DIP 
44-Pin PLCC 

Z0860200ZCO - Evaluation Board 
ZB6C1200ZEM - Emulator 
Z0860200ZDP - Adaptor Kit 
ZB6C1200ZPD - Emulator Pod 

Z8&E23 

8KOTPIROM 

Zfl9CPU I RAM 
Countermmer 

POjP1jP21Pa 

Keyboard OTP MCU 

CMOS:4MHz 

• 6KROM 
• 256 Byte RAM 
• 321/0 Lines 
• Two Counter/Timers 
• Dedicated Row Column Pins 

4o-Pin DIP 
44-Pin PLCC 

ZOB60200ZCO - Evaluation Board 
ZB6C1200ZEM- Emulator 
Z0860200ZDP - Adaptor Kit 

Z86C17 

MouseMCU 

2KROM 

ZS9CPU I RAM 
Countermmer 

WOT 
P0]-1'2! P3 

CMOS:4MHz 

• 2KROM 
• 124 Byte RAM 
• 141/0 Lines 
• Two Counter/Timers 
• Dedicated Opto-Transistor Pins 
• Integrated Pull-up Resistors 
• Power-Down Modes 
• Power-On Reset (POR) 
• Watch-Dog Timer (WDD 

16-Pin DIP 
16-Pin SOIC 

ZB6C1200ZEM - Emulator 
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BLOCK 
DIAlllAM 

Pm NUMBER 
DmaPTm 

PROCESS/SPEED 

f WlllES 

PACIMIE 

8uPPoRr 
PllODucrs 

2KROM 

ZIJllCPUl RAM 
Countermmer 

'MIT 
Comparators 

POJ P2JP3 

l88CIUl&C87/ZBBI 

Pointing Device zse MCU 
Z86E08 = OTP Version 

CMOS: 4,8,12 MHz 

I• 2KROM 
• 124 Byte RAM 
• 14VOLines 
• Two Countermmers 
• Power-Down Modes 
• Two Comparators 
• Power-On Reset (POR) 
• Watch-Dog Timer (WDn 
• Auto Latch (Z86C07 Only) 

18-PinDIP 
18-PinSOIC 

Z86C1200ZEM - Emulator 

1KROM 

Z89CPU 1 RAM 
CounlBrlllmar 

WDT 
Comparators 

POJP2IP3 

I Z81C04/l8&E04 

Discrete MCU 
Z86E04 = OTP Version 

CMOS:4MHz 

• 1KROM 
• 124 Byte RAM 
• 14 VO Lines 
• Two Countermmers 
• Power-Down Modes 
• Two Co111J13rators 
• Power-On Reset (POR) 
• Watch-Dog Timer (WDn 

18-PinDIP 
18-PinSOIC 

Z86C1200ZEM - Emulator 
Z86CCPOOZEM - Emulator 

4KROM 4KROM 
Z89MCUT RAM 
C0111118'ill'imar 

DSP I RAM 
Countarmmer 
Codec lntarface WDT 

Comparators 
POIP2IP3 

16-Bit l DATA 
MAC 1/0 

I Z89S21/l89371 I Z81C311Z88E38 

16-Bit Digital S~nal Processor Z89MCU 
Z89371 = OTP ersion Z86E30 = OTP Version 

CMOS: 15, 20 MHz CMOS: 8, 12 MHz 

• 4KWordROM • 4KWordROM 
• 512WordRAM • 256 Byte RAM 
• 16BitVOBus • 24VO Lines 
• Two Counter/Timers • 2 Counter/Timers 
• CODEC Interface • Power-Down Mode 
• 50ff5 ns Cycle Timer • Two Co111J131ators 
• 4K OTP ROM (Z89371 Only) • Power-On Reset (POR) 

• watch-Dog Timer (WDn 

40-Pin DIP I 28-PinDIP 
44-Pin PLCC 28-PinSOIC 

Z89371 OOZEM - Emulator I Z86C5000ZEM - Emulator 
Z89371 OOTSC - Emulator 
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84COO 
CPU 0 

s 
Power c 
Down 

PART NUMBER I Z84C81 

DESCRIPTION I Z8()111 CPU with Clock Generator/Clock 

PRocns/SPEED I CMOS: 10 MHz 

f ElTURES I • Clock Generator/Controller 
• Four Power Down Modes 

PACUGE I 44-Pin OFP 
44-Pin PLCC 

5uPPORT I Z84C9000ZCO - Evaluation Board 

PRODUCTS 

m 

CTC 

SIO 
PIO 

Z84C90 

Killer 1/0 (Three Z8()111 Peripherals) 

CMOS: 8, 10, 12 MHz 

• Serial Input/Output (SIO) 
• Counter/Timer Circuit (CTC) 
• Plus Eight 1/0 Lines 
• Three 8-Bit Ports 

84-Pin PLCC 
80-PinOFP 

Z84C9000ZCO - Evaluation Board 

CTC I CGC 

SIO I WOT 

Z80CPU 

Z84013/Z84C13 

Intelligent Peripheral Controller 

Z84013 =CMOS: 6, 10 MHz 
Z84C13 =CMOS: 6, 10 MHz 

• Serial Input/Output (SIO) 
• Counter/Timer Circuit (CTC) 
• Watch-Dog Timer (WOT) 
• Clock Generator Circuit (CGC) 
• Wait State Generator (WSG) 
• Power-On Reset (POR) 
• Two Chip Selects 
• Evaluation Mode 

84-Pin PLCC 

Z84C1500ZCO - Evaluation Board 

PIO CGC 

1--1 WOT 
SIO CTC 

ZBOCPU 

Z840151Z84C15 

Enhanced Intelligent Peripheral 

Z84015= CMOS: 6, 10 MHz 
Z84C15 =CMOS: 16 MHz 

• Serial lnpul/Output (SIO) 
• Counter/Timer Circuit (CTC) 
• Watch-Dog Timer (WOT) 
• Clock Generator Circuit (CGC) 
• Four Power-Down Modes 
• Power-On Reset 
• Two Chip Selects 
• 32-BitCRC 
• Wait State Generator (WSG) 
• Evaluation Mode 

100-PinQFP 
100-Pin VOFP 

Z84C1500ZCO- Evaluation Board 
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PART NUMBER 

DESCRIPTIOll 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SUPPORT 
Pnooucrs 

2DMA -
Z80 12UART 
CPU 2C/T -C/Ser 

MMUI OSC 

Z801111l/ZBS18111ZBL 180 

High-Performance Z808 CPU 
with Peripherals 
Z8S180 = Static Version 
Z8L 180 =Low-Voltage Version 

Z80180 = CMOS: 6, 8, 10, MHz 
Z8S180=CMOS:16 MHz 
Z8L 180 =CMOS: 20, 33 MHz 

• Enhanced Z808 CPU 
• 1 MbyteMMU 
• 2DMAs 
• 2 UARTs with Baud Rate Generators 
• C/Serial 1/0 Port Oscillator 
• Z8S180 Includes; 

- Power-Down 
- Programmable EMI 
- Divide-By-One 
- Clock Option 
- 3.3V and 5V Version 

64-Pin DIP 
68-PinPLCC 
80-Pin QFP 

Z8S18000ZCO - Evaluation Board 
ZEPMIP00001 - EPM• Manual 

Z80181 

Smart Access Controller 

CMOS: 10, 12 MHz 

• Complete Z1 so· plus SCC/2 
Counter/Timer Circuit 

• 161/0 Lines 
• Emulation Mode 

100-Pin QFP 

Z8018100ZCO- Evaluation Board 
Z80181 OOZDP -Adaptor Kit 
Z8018101ZCO* - Evaluation Board 
• Includes LLAP software that can be 
licensed (Z80181 ZA6J. 
ZEPMIP00001- EPM Manual 

24110 

85230 16550 
ESCC MIMIC 
(2CH) 

5180 

Z80182/ZBl.182 

Zilog Intelligent Peripheral (ZIPj 
ZBL182 =Low-Voltage Version 

Z80182 =CMOS: 16, 33 MHz 
ZBL182 =CMOS: 20 MHz 

• Static Version of z1ao· plus ESCC 
(2 Channels of Z85230 with 32-Bit 
CRC Not Available for 16 MHz) 

• 16550 MIMIC 
• 24 Parallel VO 
• Emulation Mode 
• 3.3V and 5V Version 

100-Pin OFP 
100-Pin VQFP 

Z8018200ZCO - Evaluation Board 
ZEPMIP00002 - EPM• Manual 

Cloc:kwl 
Stand~ Cont 

Refresh 16·Blt 
Control CPU 

Chip Selecls 
and Walt 

m380/Z8l380 

Z381r Microprocessor 
Z8L380 =Low-Voltage Z380 

Z8L380 =CMOS: 10 MHz 
Z80380= CMOS: 16, 18 MHz 

• 16/32-Bit MPU 
• Internal 32-Bit Datapaths and ALU 
• 2 Clocks/Cycle Instruction Execution 

up to 4 Gbytes of Linear Addressing 
• Enhanced Instruction Set 
• 4 Banks of On-Chip Register Files 
• Object-Code Compatible with Z80/Z180 

Microprocessors up to 6 Programmable 
Memory Chip Selects 

• 3.3V and 5V Version 

100-Pin QFP 

Z8038000ZCO - Evaluation Board 
ZEPMIP00003 - EPM• Manual 
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BLOCK 
DIAGRAM 

PART NUMBER 

DESCRIPTION 

PROCESS/SPEED 

FEATURES 

PACKAGE 

SUPPORT 
PRODUCTS 

DSP 
512 RAMl4K ROM 

16-BIT MAC 
DATA] RAM 
1/0 1/0 

Z89COO 

16-Bit Digital Signal Processor 

CMOS: 10, 15 MHz 

• 16-Bit Multiply/Accumulate 
• 75 ns 
• Two Data RAMs (256 Words each) 
• 4KWordROM 
• 64Kx16 Ext. ROM 
• 16-Bit 1/0 Port 
• 74 Instructions 
• Most Single Cycle 
• Two Conditional Branch Inputs, 

Two User Outputs 
• Library of Macros 
• Zero Overhead Pointers 

68-Pin PLCC 
60-Pin VQFP 

Z89COOOOZEM - Emulator 
Z89COOOOZCC - Emulator 

II 

ZS DSP 

24K 4KWORO 
ROM ROM 

256BYTES 512WORD 
RAM RAM 
8-Blt 10-B~ 
A/D D/A 

Z89120 

Zilog Modem/Fax Controller 

CMOS:20MHz 

• Z88 with 24 Kbyte ROM 
• 16-Bit DSP with 4K Word ROM 
• 8-BitA/D 
• 10-Bit D/A (PWM) 
• Library of Macros 
• 471/0 Pins 
• Two Comparators Independent ZS® 

and DSP Operations Power-Down 
Mode 

68-Pin PLCC 

Z89C6501 ZEM - Emulator 
Z89C6500ZDP - Emulator 

ZS OSP 

ROM Less 4KWORD 
ROM 

256BYTES 512WORD 
RAM RAM 
8-Blt 10-Blt 
AID D/A 

Z89920 

Zilog Modem/Fax Controller 

CMOS:20MHz 

• ZB with 64K External Memory 
• DSP with 4K Word ROM 
• 8-BitA/D 
• 10-Bit D/A 
• Library of Macros 
• 471/0 Pins 
• Two Comparators Independent ZS® 

and DSP Operations Power-Down 
Mode 

68-Pin PLCC 

ZB9C6501 ZEM - Emulator 
ZB9C6500ZOB - Emulator 

~~r p 
Dlcoder Dl<oder E 

p R 
Ce FivlCOnllg. I B 
Mu Regisla~ 

pU 
Cs HS 
I Pefr:M" E 
A R 

Attribute Memory ~ 
(256Byles) 

Z86017 

PCMCIA Interface Adaptor 

CMOS:20MHz 

• 256 Bytes of Attribute Memory 
• Five Configuration Registers 
• EEPROM Sequencer or SPI Interface 
• PCMCIA to 1/0, Memory or Both 
• PCMCIA to ATA/IDE 
• ATA/IDE to ATA/IDE 
• 3.0V to 5.5V Operation 
• 8- or 16-Bit Peripheral Support 

100-Pin VQFP 

ZB601700ZCO - Evaluation Board 
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CTC 

ZBOCPU 

PART NUMBER I Z84C15/Z84015 

DESCRIPTION I Enhanced Intelligent 
Peripheral Controller 

PROCESS/SPEED I Z84015 = CMOS: 6, 10 MHz 
Z84C15 =CMOS: 16 MHz 

FEATURES I • Z808 CPU, Serial Input/Output (SIO) 
• Countermmer Circuit (CTC) 
• Watch-Dog Timer (WDD 
• Clock Generator Circuit (CGC) 
• Four Power-Down Modes 
Z84C15 Enhancements Include: 

• Power-On Reset 
• Two Chip Selects 
• 32-BitCRC 
• Wait State Generator (WSG) 
• Evaluation Mode 

PACKAGE I 100-Pin OFP 
100-Pin VQFP 

SUPPORT I Z84C1 SOOZCO - Evaluation Board 

PRODUCTS 

2DMA 

zao 12UART 
CPU 2CIT 

CISer 

MMU! OSC 

Z80180/ZBS180/Z8l 180 

High-Performance Z808 CPU 
with Peripherals 
Z8S180 =Static Version 
Z8L180 =Low-Voltage Version 

Z80180 = CMOS: 6, 8, 10, MHz 
Z8S180 = CMOS: 16 MHz 
Z8L 180 = CMOS: 20, 33 MHz 

• Enhanced Z808 CPU 
• 1 MbyteMMU 
• 2DMAs 
• 2 UARTs with Baud Rate Generators 
• C/Serial 1/0 Port Oscillator 
• Z8S180 Includes; 

- PowerDown 
- Programmable EMI 
- Divide-By-One 
- Clock Option 
- 3.3V and 5V Version 

64-Pin DIP 
68-Pin PLCC 
80-Pin QFP 

Z8S18000ZCO - Evaluation Board 
ZEPMIP00001- EPM• Manual 

24VO 

ESCC 16550 
(2CH) MIMIC 

$180 

Z80182JZBL182 

Zilog Intelligent Peripheral (ZIPj 
Z8L 182 =Low-Voltage Version 

Z80182 =CMOS: 16, 18, 33 MHz 
Z8l182 =CMOS: 20 MHz 

• Static Version of Z180• plus ESCC 
(Two Channels of Z85230 with 
32-Bit CRC Not Available 
for16 MHz) 

• 16550 MIMIC 
• 24 Parallel 1/0 
• Emulation Mode 
• 3.3V and 5V Version 

100-Pin QFP 
100-Pin VQFP 

Z8018200ZCO - Evaluation Board 
ZEPMIP00002 - EPM• Manual 

Z85230 

FIFO I FIFO 

85C30 
sec 

(2 CH) 

Enhanced Serial 
Communication Controller 

CMOS: 8, 10,16, 20 MHz 

• Full Dual-Channel 
• SCC Plus Deeper FIFOs: 

- 4 Bytes on Transceivers 
- 8 Bytes on Receivers 

• DPLL Counter Per Channel 
• Software Compatible lo SCC 

40-Pin DIP 
44-Pin PLGC 

Z8S18000ZCO - Evaluation Board 
Z8038000ZCO -Evaluation Board 
Z8523000ZCO - Evaluation Board 
Z8018600ZCO- Evaluation Board 
ZEPMDC00002 - EPM• Manual 
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BLOCK 
DIAGRAM 

PART NUMBER 

DESCRIPTION 

PROCESS/SPEED 

FEATURES 

PACUGE 

SUPPORT 
PRODUCTS 

c:J 
Z8030JZBllC30 
Z8530/Z85C38 

Serial Corrmunication Controller 
Z8030/Z80C30 =Multiplexed Bus 
Z8530/Z85C30 =Non-Multiplexed Bus 

Z8030/Z8530 = NMOS: 4, 6, 8 MHz 
ZBOC30/Z85C30 =CMOS: 8,1016 MHz 
Clock: 2, 2.5, 4 Mb/s 

• Two Independent Full-Duplex 
Channels 

• Enhanced OMA Support: 
• 10x19 Slatus FIFO 
• 14-Bit Byte Counter 
• NRZJNRZl/FM Encoding Modes 

40-Pin DIP 
44-Pin CERDIP 
44-Pin PLCC 

Z8018600ZCO- Evaluation Board 
ZB523000ZCO - Evaluation Board 
Z80181 OOZCO - Evaluation Board 
ZEPMD000002 - EPM" Manual 

FIFO I FIFO 

85C30 
sec 

(2 CH) 

Z85230/Z80230 
Z85233 

Z16C35 

~ 
E5I2j 

Enhanced Serial Communication Controller I Integrated Serial 
ZB230/Z80230 =Dual Channel Communication Controller 
Z85233 = Single Channel 

CMOS: 10, 16 20 MHz 
Clock: 2.5, 4.0, 5.0 Mb/s 

• Full Dual-Channel SCC Plus Deeper 
FIFOs: 
- 4 Bytes on T ransmitter.i 
- 8 Bytes on Receivers 

• DPLL Counter Per Channel 
• Software Compatible to SCC 

40-Pin DIP 
44-Pin PLCC 
44-Pin QFP (Z85233 Only) 

Z8018600ZCO - Evaluation Board 
ZBS18000ZCO - Evaluation Board 
Z8038000ZCO - Evaluation Board 
Z8523000ZCO - Evaluation Board 
ZEPMDC00002 - EPM" Manual 

CMOS: 10, 16 MHz 
Clock: 2.5, 4.0 Mb/s 

• Full Dual-Channel SCC 
• Four OMA Controllers 
• Bus Interface Unit 

68-Pin PLCC 

Z8018600ZCO - Evaluation Board 

Zl5C80 

85C30 
sec 

53C80 
SCSI 

SCSCI Serial Communication 
and Small Computer Interface 

CMOS: 10, 16 MHz 
Clock: 2.5 Mb/s 

• Two Independent Full-Duplex Channels 
• Direct SCSI Bus Interface 
• Supports SCSI ANSl-X3.131-1986 

Slandard 

68-Pin PLCC 
100-Pin VQFP 

ZEPMD00002 - EPM" Manual 

UI ........................................................................................... ..,..,._..,.,_..,..,..,..,..,..,..,..,..,__. 

m 
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BLOCK 
DIAGRAM 

PART NUMBER I Z80181 

DESCRIPTIOI I Smart Access Controller 

PROCESS/SPEED I CMOS: 10, 12 MHz 

241/0 

85230 16550 
ESCC MIMIC 
(2CH) 

8180 

Z80182JlBL182 

Zilog Intelligent Peripheral (ZIP•) 
Z80L 182 =Low-Voltage Version 

Z80182 = CMOS: 16, 18, 33 MHz 
Z8L 182 =CMOS: 20 MHz 

FEATURES I • Complete z100• plus SCC/2CTC 1 • Complete Static Version of z1ao· plus 
• 161/0 Lines ESCC (2 Channels of Z85230 
• Emulation Mode with 32-Bit CRC not Available for 

16 MHz) 
• 16550 MIMIC 
• 24 Parallel 1/0 
• Emulation Mode 
• 3.3V and 5V Version 

PACKAGE 100-Pin QFP 100-Pin QFP 
100-Pin VQFP 

SUPPORT Z80181 OOZCO - Evaluation Board Z8018200ZCO - Evaluation Board 
PRODUCTS Z80181 OOZDP - Adaptor Kit ZEPMIP00002 - EPM" Manual 

Z8018101ZCO* - Evaluation Board 
ZEPMIP00001 - EPM• Manual 
• Includes LLAP software that can be 
licensed (Z80181ZA6) 

[] 
Z1&C30 

Universal Serial Controller (USC9) 

CMOS: 10MHz 
CPU Bus 10 Mb/s 

USC/2 

OMA I OMA 

Z16C32 

Integrated Universal 
Serial Controller 

CMOS:20MHz 
OMA Clock 20 Mb/s 

o T" .. l-Chomol 32~ .. -1 • """""""" (floH • USC) and Transmit FIFOs plus two OMA Controllers 
• 16-Bit Bus B/W:18.2 Mb/s • Array Chained and Linked-List Modes 
• Two BRGs Per Channel with Ring Buffer Support 
• Flexible 8/16-Bit Bus Interface 
• 12 Serial Protocols 
• Eight Data Encoding Bits 

I 68-Pin PLCC I 68-Pin PLCC 

I Z16C3001ZCO- Evaluation Board I Z16C3200ZCO - Evaluation Board 
Z801 B600ZCO - Evaluation Board Z801B600ZCO - Evaluation Board 
ZEPMDC00001 - EPM• Manual ZEPMDC00001 - USC11 EPM• Manual 
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PART NUMBER 

DESCRIPl'IOll 

PROCESS/SPEED 

Forms 

PACUGE 

SuPPORT 
PRlmUCTS 

I - - I - - I - -1 - - I 

Z8&C91/ZB691 

ROMLess Z8'8 

Z86C91= CMOS: 16 MHz 
Z8691 = NMOS: 12 MHz 

• Full-Duplex UART 
• TWO Standby Modes 

(STOP and HALT) 
• 2x8Bit 
• Counler/fimer 

40-Pin DIP 
44-Pin PLCC 
44-Pin QFP 

I POI r11r21r3 

Z81E21/ZRC21 

Z86E21 = SK OTP 
Z86C21 = 8K ROM 

CMOS:12, 16MHz 

• 256 Byte RAM 
• Full-Duplex UART 
• Two Standby Modes 

(STOP and HALT) 
• Two Counter/Timers 
• ROM Protect Option 
• RAM Protect Option 
• Low-EMI Option 

40-Pin DIP 
44-Pin PLCC 
44-Pin QFP 

DSP 
512 RAM}4K ROM 

16-BITMAC 

DATAI RAM 
1/0 1/0 

Z89COO 

16-Bit Digital Signal Processor 

CMOS: 10, 15 MHz 

• 16-Bit Multiply/Accumulate 
• 75ns 
• Two Data RAMs (256 Words Each) 
• 4KWordROM 
• 64Kx16 Ext. ROM 
• 16-Bit 1/0 Port 
• 7 4 Instructions 
• Most Single Cycle 
• Two Conditional Branch Inputs, 

Two User Outputs 
• Library of Macros 
• Zero Ovemead Pointers 

68-Pin PLCC 

Z0860000ZCO - Evaluation Board I Z0860000ZCO - Evaluation Board I ZB9COOZEM - Emulator 
Z86COOOOZUSP064 - Signum Emulator Z86COOOOZUSP064 - Signum Emulator 
Z86C1200ZPO - Signum Emulator Pod Z86C1200ZPD - Signum Emulator Pod 

PO 

Z8&C93 

ROMLess Enhanced Z8'8 Mull/Div 

CMOS: 20, 25, 33 MHz 

• 16x16 Multiply 17 Clocks 
• 32x16 Divide 20 Clocks 
• Full-Duplex UART 
• Two Standby Modes (STOP and HALT) 
• Three 16-Bit Counter/Timers 

40-Pin DIP 
44-Pin PLCC 
44-Pin QFP 

Z0860000ZCO - Evaluation Board 
Z86COOOOZUSP064 - Signum Emulator 
Z86C0001 ZUSP064 - Sign um Emulator 
Z86C9300ZPD - Signum Emulator Pod 
Z86C9301 ZPD - Signum Emulator Pod 

..... .. ........................................................................................................................ ..... 
m 
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MULrI01vJuARr 
CPU DSP 
DAC PWM 
ADC SPI 

P2 I P3 I A15-0 

MULrI01viuARr 
CPU osc 

464RAM CLOCK 
Sean:h Merge 

P2j_ P3J A15-AO 

88-BIT 1 SRAM/ 
R-S DRAM 
ECC CTRL 

MCU AT/DE 
DISK HOST INTER- INTER- INTER-FACE FACE FACE 

PART NUMBER Z8&C95 I Z8&018 I Z86193 I Z8&295 

DESCllPTIOI ROMLess Enhanced zge with DSP Zilog Datapath Controller ROMLess Enhanced "l8'8 Multiply/Divide I ROMLess Enhanced zge DSP Servo Timer 

PROCESS/SPEED CMOS: 24, 33 MHz CMOS:40MHz CMOS:40MHz I CMOS: 40 MHz 

Funms I • Eight Channel • Full-Track Read • 16x16Multiply17 Clocks • Eight Channel 
• 8-BitADC • Automatic Data Transfer (Point & Go•) • 32x16 Divide 38 Clocks • 8-BitADC 
• 8-BitDAC • 88-Bit Reed Solomon ECC ·on The Fly" • Full-Duplex UART • 8-BltDAC 
• 16-Bit Multiply/Divide • Full ATnDE Bus Interface • Two Standby Modes (STOP & HALn • Serial Peripheral Interface (SPI) 
• Full-Duplex UART • 64 Kbytes SRAM Buffer • Three 16-Bit Counter/Timers • Pulse Width Modulator (PWM) 
• Serial Peripheral Interface (SPI) • 1 Mbytes DRAM Buffer • SEARCH Machine • Three 16-Bit Counter/Timer 
• Three Standby Modes • Split Data Field Support • MERGE Machine • Full-Duplex UART 

(STOP/HALT/PAUSE) • Joint Test Action Group (JTAG) • Bus Request Mode • 16-Bit Z89 Multiply/Divide 
• Pulse Width Modulator (PWM) Boundary Scan Option • Evaluation Mode • Full 16-Bit DSP 
• 3x16-Bit Timer • 8 Kbytes Buffer RAM Reserved for MCU • Programmable Servo Timer 
• 16-Bit DSP Slave Processor • Z811 - DSP Mail Box 
• 83 ns Multiply/Accumulate 

PACUGE 180-Pin QFP I 100-Pin VQFP I 64-Pin VOFP 1100-Pin VQFP 
84-Pin PLCC 144-Pin QFP 
100-Pin VQFP 

SUPPORT Z86C9500ZCO - Evaluation Board I Z86C9900ZCO - Evaluation Board I Z8619200ZME - Emulator I Z86ZIA01ZCO - Evaluation Board 
PRllUCTS Z86C9500ZUSP064 - Signum Emulator Z8619300ZCO - Evaluation Board 

Z86C9501ZUSP064- Signum Emulator 
Z86C9500ZPD - Signum Emulator POD 
Z86C9501 ZPD - Signum Emulator POD 
Z86ZIAOOZCO - Evaluation Board 
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Address±~ p 
Decoder Decoder E 
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~Bus 
HS 
E 

A 16-Bfil:. R 
Alb1bul8 Memory A 

(256 Bytas) L 

Pur NuMBBI 1 181& 1817 

DESCIUPTIOI I 8-Bit PCMCIA 
Interlace Adaptor 

PCMCIA Interlace Adaptor 

PROCESS/SPEED I CMOS: 20 MHz CMOS:20MHz 

fEATIRES I • Z86017 with 8-Bit • 256 Bytes of Attribute Memory 
Peripheral Bus Only • Five Configuration Registers 

• EEPROM Sequencer or SPI 
Interlace 

• PCMCIA to l/O, Memory or Both 
• PCMCIA to ATMDE 
• ATMDEtoATMDE 
• 3.0V to 5.5V Operation 
• 8- or 16-Bit Peripheral Support 

PACUBE I 48-Pin VQFP 100-Pin VQFP 
64-PinVQFP 

SuPPmrr I Z8601600ZCO - Evaluation Board '-m (Available 0494) 
Z8601700ZCO -Evaluation Board 

cp 
..... 
«> 

II 

Address1Wlndow p 
Decoder Decoder E 

p 
~B CB Ave Conllg. Mu Registers pU 

ys 
~~Bit!" 

HS 
E 

A R 
A1b1bute Memory A 

(256 Bytas) L 

Z8&M17 

PCMCIA Interlace Adaptor 

CMOS:20MHz 

• Mirror Image Pin-Out of Z86017 for 
Opposite PCB- Surface Layout 

100-Pin VQFP 

Z8601700ZCO - Evaluation Board 

Z8I020 

B 
u s 

PCI Conllaunllon 
Ragisl81s 

81/0 
llapl!Mges 

Ml-Lagle 
Pnlgrammabll 

lnlerrulll-

PCIJMultifunction Bridge 

CMOS:33MHz 

• 256 BYies of Configuration Memory 
• 64 PCI Configuration Registers 
• Eight Programmable Memory or l/O Map 

Ranges with Independent Timing Control 
• 128 Byte FIFO's 
• Two Full Featured DMA Channels 
• PCI Initiator/Target Operations 
• On-Chip Peripheral Bus Arbitration 

160-PinQFP 

Available 0494 
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ZILOG DOMESTIC SALES OFFICES 
AND TECHNICAL CENTERS 

CALIFORNIA 

INTERNATIONAL SALES OFFICES 

CANADA 
Agoura .......................................................... 818-707-2160 Toronto ........................................................... 905-850-2377 
Campbell ........................................................ 408-370-8120 
Irvine .............................................................. 714-453-9701 CHINA 
San Diego ...................................................... 619-658-0391 Shenzhen ................................................... 86-755-2236089 

COLORADO 
Shanghai .......................................... 86-21-4370050, x5204 

86-21-4331020 
Boulder ........................................................... 303-494-2905 

GERMANY 
FLORIDA Munich ........................................................... 49-8967-2045 
Clearwater ...................................................... 813-725-8400 SOmmerda .................................................... 49-3634-23906 

GEORGIA JAPAN 
Duluth ............................................................. 404-931-4022 Tokyo ........................................................... 81-3-3587-0528 

ILLINOIS HONG KONG 
Schaumburg ................................................... 708-517-8080 Kowloon .......................................................... 852-7238979 

MINNESOTA KOREA 
Minneapolis .................................................... 612-944-0737 Seoul ............................................................. 82-2-577-3272 

NEW HAMPSHIRE SINGAPORE 
Nashua ........................................................... 603-888-8590 Singapore .......................................................... 65-2357155 

OHIO TAIWAN 
lndependence ................................................ 216-447-1480 Taipei .......................................................... 886-2-741-3125 

OREGON UNITED KINGDOM 
Portland .......................................................... 503-274-6250 Maidenhead .................................................. 44-628-392-00 

PENNSYLVANIA 
Horsham ......................................................... 215-784-0805 

TEXAS 
Austin ............................................................. 512-343-8976 
Dallas ............................................................. 214-987-9987 

© 1994 by Zilog, Inc. All rights reserved. No part of this document Zilog's products are not authorized for use as critical components In 
may be copied or reproduced in any form or by any means without life support devices or systems unless a specific written agreement 
the prior written consent of Zilog, Inc. The information in this pertaining to such intended use is executed between the customer 
documentissubjecttochangewithoutnotice. Devices sold byZilog, and Zilog prior to use. Life support devices or systems are those 
Inc. are covered by warranty and patent indemnification provisions which are intended for surgical implantation into the body, or which II 
appearing in Zilog, Inc. Terms and Conditions of Sale only. Zilog, sustains life whose failure to perform, when properly used in accor-
lnc. makes no warranty, express, statutory, implied or by descrip- dance with instructions for use provided in the labeling, can be 
tion, regarding the information set forth herein or regarding the reasonably expected to result in significant injury to the user. 
freedom of the described devices from intellectual property infringe-
ment. Zilog, Inc. makes no warranty of merchantability or fitness for Zilog, Inc. 21 O East Hacienda Ave. 
any purpose. Zilog, Inc. shall not be responsible for any errors that Campbell, CA 95008-6600 
may appear in this document. Zilog, Inc. makes no commitment to Telephone (408) 370-8000 
update or keep current the information contained in this document. Telex 91 Q-338-7621 

FAX 408 370-8056 
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SALES REPRESENTATIVES AND DISTRIBUTORS 

U.S., CANADIAN & PUERTO RICAN 
REPRESENTATIVES 

ARIZONA 
Scottsdale 
Thom Luke Sales, Inc .............................. (602) 451-5400 

CALIFORNIA 
Santa Clara 
Phase II Technical Sales ......................... ( 408) 980-0414 
Irvine 
Infinity Sales ............................................ (714) 833-0300 

COLORADO 
Englewood 
Thorson Rocky Mountain ........................ (303) 773-6300 

CONNECTICUT 
Walllngford 
Advanced Technical Sales ..................... (508) 664-0888 

FLORIDA 
Altamonte Springs 
Semtronic Associates, Inc ...................... (407) 831-8233 
Clearwater 
Semtronic Associates, Inc ...................... (813) 461-4675 
Fort Lauderdale 
Semtronic Associates, Inc ...................... (305) 731-2484 

GEORGIA 
Norcross 
BITS ........................................................ (404) 564-5599 

ILLINOIS 
Hoffman Estates 
Victory Sales, Inc .................................... (708) 490-0300 

IOWA 
Cedar Rapids 
Advanced Technical Sales ..................... (319) 393-8280 

KANSAS 
Olathe 
Advanced Technical Sales ..................... (913) 782-8702 

MARYLAND 
Pasadena 
Electronic Engineering & Sales ............... ( 41 O) 255-9686 
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MASSACHUSETTS 
North Reading 
Advanced Technical Sales ..................... (508) 664-0888 

MICHIGAN 
Novi 
Rathsburg Associates, Inc ...................... (810) 615-4000 

MINNESOTA 
Minneapolis 
Professional Sales for Industry ................ (612) 944-8545 

MISSOURI 
Bridgeton 
Advanced Technical Sales ..................... (314) 291-5003 

NORTH CAROLINA 
Huntsville 
BITS ........................................................ (205) 881-2900 
Raleigh 
BITS ........................................................ (919) 676-1880 

NEW JERSEY 
Cherry Hill 
Tritek ....................................................... (609) 667-0200 

NEW MEXICO 
Albuquerque 
Quatra & Associates ............................... (505) 296-6781 

NEW YORK 
Fairport 
L-Mar Associates, Inc ............................. (716) 425-9100 

OHIO 
Centerville 
Q-Mark, Inc ............................................. (513) 438-1129 
Independence 
Rathsburg Associates, Inc ...................... (216) 44 7-8825 

OKLAHOMA 
Tulsa 
Nova Marketing, Inc ................................ (918) 660-5105 



SALES REPRESENTATIVES AND DISTRIBUTORS 

U.S., CANADIAN & PUERTO RICAN 
REPRESENTATIVES 

OREGON 
Portland 
Phase II Technical Sales ......................... {503) 643-6455 

TEXAS 
Austin 
Nova Marketing, Inc ................................ (512) 343-2321 
Dallas 
Nova Marketing. Inc ................................ {214) 265-4630 
Houston 
Nova Marketing, Inc ................................ (713) 240-6082 

UTAH 
Salt Lake City 
Thorson Rocky Mountain ........................ (801) 942-1683 

WASHINGTON 
Klr/cland 
Phase II Technical Sales ......................... (206) 823-3874 

WISCONSIN 
Brookfield 
Victory Sales. Inc .................................... (414) 789-5770 

CANADA 
British Columbia 
J-Squared Technologies, Inc .................. (604) 473-4666 
Ontario 
J-Squared Technologies, Inc .................. (905) 672-2030 
Ottawa 
J-Squared Technologies, Inc .................. (613) 592-9540 
Quebec 
J-Squared Technologies. Inc .................. {514) 694-8330 

PUERTO RICO 
San Juan 
Semtronic Associates, Inc ...................... (809) 766-0700 
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SALES REPRESENTATIVES AND DISTRIBUTORS 

U.S. AND CANADIAN DISTRIBUTORS 

NATIONWIDE 
Newark Electronics ................................ 1-800-367-3573 
Zeus Electronics .................................... 1-800-524-4735 

ALABAMA 
Hamilton Hallmark Electronics 
Inside Alabama ......................................... 800-572-7236 
Outside Alabama ...................................... 800-63~-2918 
Huntsvllle 
Arrow Electronics .................................... (205) 837-6955 
Hamilton Hallmark Electronics ................ (205) 837-8700 

ARIZONA 
Hamilton Hallmark Electronics 
Inside Arizona ........................................... 800-352-8489 
Outside Arizona ........................................ 800-528-8471 

Phoenix 
Hamilton Hallmark Electronics ................ (602) 437-1200 
Tempe 
Anthem Electronics ................................. (602) 966-6600 
Arrow Electronics .................................... (602) 431-0030 

CALIFORNIA 
Calabasas 
Arrow Electronics .................................... (818) 880-9686 
Chatsworth 
Anthem Electronics ................................. (818) 700-1000 
Costa Mesa 
Hamilton Hallmark Electronics ................ (714) 641-4100 
Fremont 
Arrow Electronics .................................... (510) 490-9477 
Irvine 
Anthem Electronics ................................. ~714} 768-4444 
Arrow Electroi:iics .................................... 714 587-0404 
Zeus Electronics ..................................... 714 581-4622 
Rocklin 
Anth~m Electronics .................................. (916) 624-9744 
Hamrlton Hallmark Electronics ................ (916) 624-9781 
San Diego 
Anthem Electronics ................................. ~619} 453-9005 
Arrow Electronics .................................... 619 565-4800 
Hamilton Hallmark Electronics ................ 619 571-7540 
San Jose 
Anthem Electronics ................................. !408! 453-1200 
Arrow Electronics .................................... 408 441-9700 
Hamilton Hallmark Electronics ... ....... ...... 408 435-3500 
Zeus Electronics ..................................... 408 629-4789 
Woodland Hills 
Hamilton Hallmark Electronics ................ (818) 594-0404 
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COLORADO 
Colorado Springs 
Hamilton Hallmark Electronics ................ (719) 637-0055 
Englewood 
Anthem Electronics ................................. {303} 790-4500 
ArrOY! Electronics···············:···················· 303 799-0258 
Hamtlton Hallmark Electronics ..... ..... ...... 303 790-1662 

CONNECTICUT 
Cheshire 
Hamilton Hallmark Electronics ................ (203) 271-2844 
Wallingford 
Arrow Electronics .................................... (203) 265-7741 
Waterbury 
Anthem Electronics ................................. (203) 596-3200 

FLORIDA 
Deerfield Beach 
Arrow Electronics .................................... (305) 429-8200 
Lake Mary 
Arrow Electronics .................................... (407) 333-9300 
Zeus Electronics ..................................... (407) 333-3055 
Largo 
Hamilton Hallmark Electronics ................ (813) 541-7440 

(800) 282-9350 
Fort Lauderdale 
Hamilton Hallmark Electronics ................ (305) 484-5482 
Winter Park 
Hamilton Hallmark Electronics ................ (407) 657-3300 

GEORGIA 
Duluth 
ArrOYf Electronics ..................................... {404} 497-1300 
Hamilton Hallmark Electronics ................ 404 623-5475 

404 623-4400 
ILLINOIS 

Benson ville 
Hamilton Hallmark Electronics ................ (708) 860-7780 
Itasca 
Arrow Electronics .................................... (708) 250-0500 
Zeus Electronics ..................................... (708) 595-9730 
Schaumburg 
Anthem Electronics ................................. (708) 884-0200 



SALES REPRESENTATIVES AND DISTRIBUTORS 

U.S. AND CANADIAN DISTRIBUTORS 

INDIANA 
Indianapolis 
Arre"! Electronics ..................................... {317~ 299-2071 
Hamilton Hallmark Electronics ................ 317 872-8875 

800 829-0146 
IOWA 

Cedar Rapids 
Arrow Electronics .................................... (319) 395-7230 

KANSAS 
Lenexa 
Arrow Electronics .................................... {913} 541-9542 
Hamilton Hallmark Electronics ................ 913 888-4747 

800 332-4375 

KENTUCKY 
Lexington 
Hamilton Hallmark Electronics ................ (800) 235-6039 

(800) 525-0069 
MARYLAND 

Columbia 
Anthem Electrqnics ................................. {410~ 995-6640 
Arrow Electronics .................................... 410 596-7000 
Hamilton Hallmark Electronics . ....... .. ... ... 410 988-9800 

MASSACHUSETTS 
Peabody 
Hamilton Hallmark Electronics ................ (508) 532-9808 
Wilmington 
Anthem Electronics ................................. {508~ 657-5170 
Arrow Electronics .. ... ..... ...... .......... .. ........ 508 658-0900 
Zeus Electronics . .......... .. . . . ...... ... ......... .. . 508 658-4 776 

MICHIGAN 
Livonia 
Arrow Electronics .................................... (313) 462-2290 
Nori 
Hamilton Hallmark Electronics ................ (313) 347-4271 
Plymouth 
Hamilton Hallmark Electronics ................ (313) 416-5800 

(800) 767-9654 

MINNESOTA 
Bloomington 
Hamilton Hallmark Electronics ................ (612) 881-2600 
Eden Prairie 
Anthem Electronics ................................. (612) 944-5454 
Arrow Electronics .................................... (612) 941-5280 

MISSOURI 
Earth City 
Hamilton Hallmark Electronics ................ (314) 291-5350 
St Louis 
Arrow Electronics .................................... (314) 567-6888 

NEVADA 
Sparks 
Arrow Electronics .................................... (702) 331-5000 

NEW JERSEY 
Cherry Hill 
Hamilton Hallmark Electronics ................ (609) 235-1900 
Marlton 
Arrow Electronics .................................... (609) 596-8000 
Pinebrook 
Anthem Electronics ................................. (201) 227-7960 
Arrow Electronics .................................... (201) 227-7880 
Parslppany 
Hamilton Hallmark Electronics ................ (201) 575-4415 

NEW YORK 
Cammack 
Anthem Electronics ................................. (516) 864-6600 
Hauppauge 
Arre"! Electronics ..................................... (516) 231-2500 
Hamilton Hallmark Electronics ................ (516) 737-0600 
Me/vi/le 
Arrow Electronics .................................... (516) 391-1300 
Rochester 
ArroVf Electronics ..................................... (716) 427-0300 
Hamilton Hallmark Electronics ................ (716) 475-9130 
Ronkonkoma 
Hamilton Hallmark Electronics ................ (516) 737-0600 
Port Chester 
Zeus Electronics ..................................... (914) 937-7400 

NORTH CAROLINA 
Raleigh 
Arrow Electronics .................................... (919) 876-3132 
Hamilton Hallmark Electronics ................ (919) 872-0712 
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SALES REPRESENTATIVES AND DISTRIBUTORS 

U.S. AND CANADIAN DISTRIBUTORS 

OHIO 
Centerville 
Arrow Electronics .................................... (513) 435-5563 
Dayton 
Hamilton Hallmark Electronics ................ (513) 439-6735 
(800) 423-4688 
Solon 
ArrCJll! Electronics ............... ,. .................... (216) 248-3990 
Hamilton Hallmark Electronics ................ (216) 498-1100 
Worthington 
Hamilton Hallmark Electronics ................ (614) 888-3313 

OKLAHOMA 
Tulsa 
ArrOYf Electronics ............... ,. .................... (918) 252-7537 
Hamilton Hallmark Electronics ................ (918) 459-6000 

OREGON 
Beaverton 
Al.NiAC/Arrow Electronics ....................... ~503J 629-8090 
Anthem Electronics ....... .......................... 503 643-1114 
Hamilton Hallmark Electronics ................ 503 526-6200 

PENNSYLVANIA 
Horsham 
Anthem Electronics ................................. (215) 443-5150 
Pittsburgh 
Arrow Electronics .................................... (412) 963-6807 

TEXAS 
Austin 
Arrow Electronics .................................... (512) 835-4180 
Hamilton Hallmark Electronics ................ (512) 258-8848 
carrot/ton 
Arrow Electronics .................................... (214) 380-6464 
Zeus Electronics ..................................... (214) 380-4330 
Dallas 
Hamilton Hallmark Electronics ................ (214) 553-4300 
Houston 
Arrow Electronics .................................... (713) 530-4700 
Hamilton Hallmark Electronics ................ (713) 781-6100 
Richardson 
Anthem Electronics ................................. (214) 238-7100 
San Antonio 
Hamilton Hallmark Electronics ................ (210) 828-2246 
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UTAH 
Salt Lake City 
Anthem Electrqnics ................................. {801J 973-8555 
Arrow Electronics .................................... 801 973-6913 
Hamilton Hallmark Electronics ................ 801 266-2022 

WASHINGTON 
Bellevue 
Al.NiAC/Arrow Electronics ....................... (206) 643-9992 
Bothell 
Anthem Electronics ................................. (206) 483-1700 
Redmond 
Hamilton Hallmark Electronics ................ (206) 881-6697 
Spokane 
Al.NiAC/Arrow Electronics ....................... (509) 924-9500 

WISCONSIN 
BroolcReld 
Arrow Electronics .................................... (414) 792-0150 
New Berlin 
Hamilton Hallmark Electronics ................ (414) 797-7844 

CANADA 
Alberta 
Future Electronics ................................... (403) 250-5550 
Future Electronics ................................... (403) 438-2858 

British Columbia 
Arrow Electroni~s .................................... {604J 421-2333 
Future Electronics .. .. .. . .......... ..... ... .... ..... . 604 294-1166 
Hamilton Hallmark Electronics ................ 604 420-4101 

Manltobe 
Future Electronics ................................... (204) 786-7711 

Ontario 
Arrow Electronics .................................... 613 226-6903 
Arrow Electronics .................................... 905 670-7769 
Future Electronics ................................... 905 612-9200 
Future Electronics ................................... 613 820-8313 
Hamilton Hallmark Electronics ................ 416 564-6060 
Hamilton Hallmark Electronics ................ 613 226-1700 

Quebec 
Arrow Electronics .................................... ~514J 421-7411 
Futu~e Electronics .............. ,. .................... 5.14 694-7710 
Hamilton Hallmark Electronics ................ 514 335-1000 



SALES REPRESENTATIVES AND DISTRIBUTORS 

CENTRAL AND SOUTH AMERICA 

MEXICO BRAZIL 
Semiconductores Sao Paulo 
Profesionales ............................................. 525-524-6123 Nishicom ......................................... 011-55-11-535-1755 
Proyeccion Electronica ............................. 525-264-7482 

ARGENTINA 
Buenos Aires 
YELSRL ............................................. 011-541-440-1532 

ASIA-PACIFIC 

AUSTRALIA 
R&D Electronics ....................................... 61-3-558-0444 
GEC Electronics Division ........................ 61-2-638-1888 

CHINA 
Beijing 
Lestina International Ltd ........................... 86-1-849-8888 

Rm. 20469 
China Electronics Appliance Corp ....... 86-755-335-4214 
TLG Electronics, Ltd ................................ 85-2-388-7613 

Guangzhou 
Lestina International Ltd ......................... 86-20-885-0613 

86-20-886-1615 

HONGKONG 
Lestina International Ltd ............................ 852-735-1736 
Electrocon Products Ltd ........................... 852-481-6022 
Components Agent, Ltd ............................ 852-487-8826 

INDIA 
Bangalore 
Maxvale (S) Pte. Ltd .................................. 91-80-568369 
Zenith Technologies Pvt. Ltd .................. 91-812-586782 
Bombay 
Zenith Technologies Pvt. Ltd .................. 91-22-4947457 
New Delhi 
Maxvale (S) Pte. Ltd ............................... 91-11-685-3180 

INDONESIA 
Jakarta 
Cinergi Asiamaju ..................................... 62-21-7982762 

JAPAN 
Tokyo 
Teksel Co., Ltd ....................................... 81-3-5467-9000 
lnternix Incorporated .............................. 81-3-3369-1101 
Kanematsu Elec. Components Corp ...... 81-3-3779-7811 
Osaka 
Teksel Co., Ltd .......................................... 81-6368-9000 

KOREA 
ENC-Korea ................................................. 822-523-2220 

MALAYSIA 
Eltee Electronics Ltd ................................. 60-3-7038498 

NEW ZEALAND 
GEC Electronics Division .......................... 64-25-971057 

PHILIPPINES 
Alexan Commercial ..................................... 63-2-402223 

SINGAPORE 
Eltee Electronics Ltd ..................................... 65-2830888 

TAIWAN (ROC) 
Acer Sertek, Inc ..................................... 886-2-501-0055 
Promate Electronics Co. Ltd .................. 886-2-659-0303 

THAILAND 
Eltee Electronics Ltd ................................ 66-2-538-4600 
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SALES REPRESENTATIVES AND DISTRIBUTORS 

EUROPE 

AUSTRIA 
Vienna 
EBY Elektronik GMBH ........................... 0043-1-894177 4 
Avnet/Electronic 2000 ........................... 0043-1-9112847 

BELGIUM 
Antwerp 
D & D Electronics PVBA ............................ 32-3-8277934 
Zaventem 
EBV Elektronik ............................................. 322-7160010 

DENMARK 
Brondby 
Ditz Schweitzer AS ...................................... 4542-453044 
Lynge 
Rep Delco .................................................. 45-35-821200 

ENGLAND 
Berkshire 
Future Electronics ................................... 44-753-687000 
Gothic Crellon ......................................... 44-734-787848 
Macro Marketing ..................................... 44-628-604383 
Lancashire 
Complementary Technologies Ltd) ......... 44-942-274731 

FINLAND 
Espoo 
OY SW Instruments AB ............................ 358-0-522-122 

FRANCE 
Antony 
CCI Electronique ....................................... 331-46744700 
Cedex 
A2M ........................................................... 331-46232425 
Champs sur Marne 
EBV Elektronik ........................................... 331-64688600 
Massy 
Reptronic SA ............................................. 331-60139300 
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GERMANY 
Berlin 
EBV Elektronik GMBH ................................. 030-3421041 
Avnet/Electronic 2000 ................................. 030-2110761 
Burgwedel 
EBV Elektronik GMBH ................................. 05139-80870 
Donmund 
Future GMBH .............................................. 02305-42051 
Duesseldorf 
Avnet/Electronic 2000 ............................... 0211-92003-0 
Thesys/AE .................................................. 0211-53602-0 
Erfurt 
Thesys ....................................................... 0361-4278100 
Frankfurt 
EBV Elektronik GMBH ................................... 069-785037 
Avnet/Electronic 2000 ................................... 069-973840 
Future GMBH .............................................. 06126-54020 
Thesys/AE ..................................................... 06434-5041 
Hamburg 
Avnet/Electronic 2000 ............................... 040-64557021 
Leon berg 
EBV Elektronik GMBH ................................. 07152-30090 
Muenchen 
Avnet/Electronic 2000 ................................. 089-4511004 
EBV Elektronik GMBH ................................... 089-456100 
Future GMBH .............................................. 089-9571950 
Nuemberg 
Avnet/Electronic 2000 ............................... 0911-9951610 
Neuss 
EBV Elektronik GMBH ................................. 02131-96770 
Stuttgart 
Avnet/Electronic 2000 ............................... 07156-356190 
Future GMBH .............................................. 0711-830830 
Thesys/AE ................................................. 0711-9889100 
Welssbach 
EBV Elektronik GMBH ................................... 036-426486 



SALES REPRESENTATIVES AND DISTRIBUTORS 

IS RAEL 
ROT ........................................................... 972-36450707 

ITALY 
Milano 
Avnet De Mico ..................................... 0039-295-343600 
EBV Elektronik ..................................... 0039-2-66017111 
Firenze 
EBV Elektronik ....................................... 0039-55-350792 
Roma 
EBV Elektronik ...... ; ................................ 0039-6-2253367 
Modena 
EBV Elektronik ....................................... 0039-59-344752 
Napoli 
EBV Elektronik ..................................... 0039-81-2395540 
Torino 
EBV Elektronik ..................................... 0039-11-2161531 
Vlcenza 
EBV Elektronik ..................................... 0039-444-572366 

NETHERLANDS 
EBV Elektronik ........................................... 313-46562353 

NORWAY 
Bexab Norge ............................................... 4 7-63833800 

POLAND 
Warsaw 
Gamma Ltd ............................................. 004822-330853 

PORTUGAL 
Amadora 
Amitron-Arrow ....................................... 0035-1-4714806 

RUSSIA 
Woronesh 
Thesys/lntertechna ....................................... 0732593697 
Vyborg 
Gamma Ltd ............................................... 081278-31509 
St. Petersburg 
Gamma Ltd ............................................... 0812-5131402 

SPAIN 
Barcelona 
Amitron-Arrow S.A. ................................ 0034-3-4907494 
Madrid 
Amitron-Arrow S.A. ................................ 0034-1-3043040 

SWEDEN 
Bexab Sweden AB ................................... 46-8-630-8800 

SWITZERLAND 
Dletlkon 
EBV Elektronik GMBH ........................... 0041-1-7401090 
Lausanne 
EBV Elektronik AG ............................... 0041-21-3112804 
Regensdorf 
Eurodis AG ............................................. 0041-1-8433111 

UKRAINE 
Kiev 
Thesys/Mikropribor ....................................... 04434-9533 
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Literature Gulde and II 
Ordering Information · 





*2.IU a., LITERATURE GUIDE 
ze• MICROCONTROLLERS. CONSUMER FAMILY OF PRODUCTS 
Databooks By Market Niche 

za• Mlcrocontrollers Databook 
Product Specifications· 

ZS6C07 CMOS ZS 8-Bit Microcontroller 
Z86C08 CMOS ZB 8-Bit Microcontroller 
ZS6E08 CMOS ZS 8-Bit OTP Microcontroller 
Z86C11 CMOS ZB Microcontroller 
Z86C12 CMOS ZS In-Circuit Microcontroller Emulator 
Z86C21 BK ROM Z8 CMOS Microcontroller 
Z86E21 CMOS Z8 SK OTP Microcontroller 
ZS6C61/62/96 CMOS ZS Microcontroller 
Z86C63/64 32K ROM ZB CMOS Microcontroller 
Z86C91 CMOS ZB ROMless Microcontroller 
Z86C93 CMOS ZB Multiply/Divide Microcontroller 

Support Product Specifications 
Z0860000ZCO Development Kit 
Z86C0800ZCO Applications Board 
Z86C0800ZDP Adaptor Board 
ZS6E2100ZDF Adaptor Kit 
ZS6E2100ZDP Adaptor Kit 
Z86E2100ZDV Adaptor Kit 
ZS6E2100ZDV Adaptor Kit 
Z86E2101ZDF Conversion Kit 
Z86E2101ZDV Conversion Kit . 
Z86C6100TSC Z86C61/63 MCU OTP Emulation Board 
Z86C6200ZEM In-Circuit Emulator 
Z86C1200ZEM Z89 In-Circuit Emulator -C12 
Z89 S Series Emulators, Base Units and Pods 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide 
Third Party Support Vendors 
Zilog's Sales Offices, Representatives and Distributors 

Infrared Remote (IR) Controllers Databook 
Product Specifications 

Z86L06 Low Voltage CMOS Consumer Controller Processor (Preliminary) 
Z86L29 6K Infrared (IR) Remote (ZIRC'") Controller (Advance lnformation} 
Z86L70/L71/L72/L75/L76 Zilog IR (ZIRC'") CCP'" Controller Family (Preliminary) 
Z86E72/E73/E74 Zilog IR (ZIRCj CCP'" Controller Family (Preliminary) 

Application Nate 
Beyond the 3 Volt Limit 

Support Product Specifications 
Z86L7100ZDB Emulator Board 
Z86L7100ZEM ICEBOX'" In-Circuit Emulator Board 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Ordering Guide 
Zilog's Sales Offices, Representatives and Distributors 

Part No Unit Cost 

DC-8305-02 $5.00 

DC-8301-04 $5.00 
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LITERATURE GUIDE 
Z8(9 MICROCONTROLLERS - CONSUMER FAMILY OF PRODUCTS 
Databooks By Market Niche 

Discrete ZS4' Microcontrollers 
Product Specifications 

Z86C03/C06 CMOS Z8® 8-Bit Consumer Controller Processors 
Z86E03/E06 CMOS Z8® 8-Bit OTP Consumer Controller Processors 
Z86C04/C08 CMOS Z8® 8-Bit Low Cost 1K/2K ROM Microcontrollers 
Z86E04/E08 CMOS Z8® 8-Bit OTP Microcontrollers 
Z86C07 CMOS Z8® 8-Bit Microcontroller 
Z86E07 CMOS ZB® 8-Bit OTP Microcontroller 
Z86C30/C31 CMOS Z8® 8-Bit Consumer Controller Processors 
Z86E30/E31 CMOS Z8® 8-Bit OTP Consumer Controller Processors 
Z86C40 CMOS Z8® 4K ROM Consumer Controller Processor 
Z86E40 CMOS Z8® 8-Bit OTP Consumer Controller Processor 

ZIP Microcontrollers Application Notes 
Timekeeping with the Z8® 
Using The Zilog Z86C06 SPI Bus 
DTMF Tone Generation Using the Z8® CCP'" 
Serial Communications Using the Z8® CCP'" Software UART 
The Versatile Z86C08: Three Key Features of this Z8® MCU 
The Z86C08 Controls a Scrolling LED Message Display 
Interfacing LCDs to the Z8® Microcontroller 

Support Product Specifications and Third Party Vendors 
Z86C0800ZCO Evaluation Board 
Z86C0800ZDP Adaptor Kit 
Z86C1200ZEM Emulator 
Z86E0600ZDP Adaptor Kit 
Z86E0700ZDP Adaptor Kit 
Z86E3000ZDP Adaptor Kit 
Z86E4000ZDF Adaptor Kit 
Z86E4000ZDP Adaptor Kit 
Z86E4000ZDV Adaptor Kit 
286E4001ZDF Adaptor Kit 
Z86E4001ZDV Adaptor Kit 
286CCPOOZEM Emualtor 
286CCPOOZAC Emulator Kit 
Z8®S Series Emulators, Base Units and Pods 

Additional Information 

L-2 

Zilog's Superintegration'" Products Guide 
Literature Guide and Ordering Information 
Zilog's Sales Offices, Representatives and Distributors 

Part No Unit Cost 

DC 8318-02 $5.00 



LITERATURE GUIDE 
zr MICROCONTROLLERS - CONSUMER FAMILY OF PRODUCTS 

Databooks By Market Niche 

Digital Television Controllers 
Product Specifications 

Z89300 Series Digital Television Controller 
Z86C27 /97 CMOS Z89 Digital Slgnal Processor 
Z86C47/E47 CMOS Z88 D1gital Signal Processor 
Z86127 Low Cost Digital Television Controller 
Z86128/228 Line 21 Closed-Caption Controller (L21Ci 
Z86227 40-Pin Low Cost (4LDTC'") Digital Television Controller 

Supporl Product Specifications 
Z86C2700ZCO Application Kit 
Z86C2700ZDB Emulation Board 
Z86C2702ZEM In-Circuit Emulator 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide and Ordering Information 
Zilog's Sales Offices, Representatives and Distributors 

Telephone Answering Device Databook 
Product Specifications 

Z89C65, Z89C66 (ROM less) Dual Processor TAM. Controller (Preliminary) 
Z89C67, Z89C68/C69 (ROMless) Dual Processor Tapeless T.A.M. Controller (Preliminary) 

Development Guides 
Z89C65 Software Development Guide 
Z89C67/C69 Software Development Guide 

Technical Notes 
Using Samsung KT8554 Codec on the ZTAD Development Board 
Z89C67/C69 Design Guidelines 
Z89C67/C69 ARAM Bit-Rate Measurements 
Z89C67 Codec Interfacing (Preliminary) 
Controlling the Out-5V and Codec Clock Signals for Low-Power Halt Mode 

Suppot1 Product Specifications 
Z89C5900ZEM Emulation Module 
Z89C6500ZDB Emulation Board 
Z89C6501ZEM ICEBOX'" In-Circuit Emulator 
Z89C6700ZDB Emulator Board 
Z89C6700ZEM ICEBOX'" Emulator Board 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Ordering Guide 
Zilog's Sales Offices, Representatives and Distributors 

Part No Unit Cost 

Dc-B308-01 $5.00 

DC-8300-02 $5.00 
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LITERATURE GUIDE 
zs• MICROCONTROLLERS - PERIPHERALS MULTIMEDIA FAMIL y OF PRODUCTS 

Databooks By Market Niche 

Digital Signal Processor Databook 
ProductSpeciflcatlons 

289321/37116-Bit Digital Signal Processor (Preliminary) 
Z89COO 16-Bit Digital Signal Processor (Preliminary) 
Z89320 16-Bit Digital Signal Processor (Preliminary) 
Z86C95 Z8® Digital Signal Processor (Preliminary) 
Z89120, Z89920(ROMless)16-Bit Mixed Signal Processor (Preliminary) 
Z89121, Z89921 (ROMless) 16-Bit Mixed Signal Processor (Preliminary) 

Application Note 
Using the Z89371/321 CODEC Interface 
Z89371 Inter Processor Communication 
Understanding 015 Two's Complement Fractional Multiplication (Z89COO DSP) 

Support Product Specifications 
Z8937100ZEM In-Circuit Emulator-COO 
Z8937100TSC Emulation Module 
Z89COOOOZAS Z89COO Assembler, Linker and Librarian 
Z89COOOOZCC Z89COO C Cross Compiler 
Z89COOOOZEM In-Circuit Emulator -COO 
Z89COOOOZHP Logic Analyzer Adaptor Board 
Z89COOOOZSD Z89COO Simulator/Debugger 
Z89COOOOZTR Z89COO Translator 

Additional Information 

L-4 

Zilog's Superintegration'" Products Guide 
Literature Guide and Third Party Support 
Zilog's Sales Offices, Representatives and Distributors 

Part No 

DC-8299-04 

Unit Cost 

$5.00 



LITERATURE GUIDE 
zs~ MICROCONTROLLERS - PERIPHERALS MULTIMEDIA FAMIL y OF PRODUCTS 

Databooks By Market Niche 

Keyboard/Mouse/Pointing Devices Databook 
Product Specifications 

Z8602/14 NMOS ZS® S-Bit Keyboard Controller 
ZS615 NMOS ZS® S-Bit Keyboard Controller 
ZS6C15 CMOS ZS® S-Bit MCU Keyboard Controller 
ZS6E23 ZS® S-Bit Keyboard Controller with SK OTP 
ZS6C04/COS CMOS ZS® S-Bit Microcontroller 
ZS6E08 CMOS ZS® S-Bit Microcontroller 
ZSSC17 CMOS Z8® S-Bit Microcontroller 
ZS6C117/717 ZS® S-Bit Microcontroller 
ZS6217 ZB® S-Bit Microcontroller 

Application Notes 
ZS602 Keyboard 
Z86C17 In-Mouse Applications 

Support Product Specifications and Third Party Support 
ZOS60200ZCO Evaluation Board 
ZOS60200ZDP Adaptor Kit 
Z86COSOOZCO Evaluation Board 
ZS6C0800ZDP Adaptor Kit 
ZS6C1200ZEM Emulator 
ZS6E2300ZDP Adaptor Kit 
Z86E2301ZDP Adaptor Kit 
ZS6E2300ZDV Adaptor Kit 
ZS6E2301ZDV Adaptor Kit 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide and Ordering Information 
Zilog's Sales Offices, Representatives and Distributors 

PC Audio Databook 
Product Specifications 

ZS6321 Digital Audio Processor (Preliminary) 
ZS932016-Bit Digital Signal Processor {Preliminary) 
ZS9321/37116-Bit Digital Signal Processor (Preliminary) 
ZS933116-Bit PC ISA Bus Interface (Advance Information) 
ZS9341/42/43 Wave Synthesis Chip Set (Advance Information) 
Z53SO Small Computer System Interface 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide 

Part No Unit Cost 

DC-8304-01 $5.00 

DC-8317-00 $5.00 
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LITERATURE GUIDE 
zae MICROCONTROLLERS. PERIPHERALS MEMORY FAMIL y OF PRODUCTS 
Databooks By Market Niche 

Mass Storage Solutions 
ProductSpscifications 

Z86C21 BK ROM ZS CMOS Microcontroller 
Z86E21 CMOS Z8 8K OTP Microcontroller 
Z86C91 CMOS Z8 ROMless Microcontroller 
Z86C93 CMOS Z8 Multiply/Divide Microcontroller 
Z86C95 Z8 Digital Signal Processor 
Z86018 Data Path Controller 
Z89COO 16-Bit Digital Signal Processor 

Application Nots 
Understanding 015 Two's Complement Fractional Multiplication (Z89COO DSP) 

Support Product Specifications 
Z8060000ZCO Development Kit 
Z86C1200ZEM In-Circuit Emulator 
Z86E21 OOZDF Adaptor Kit 
Z86E2100ZDP Adaptor Kit 
Z86E2100ZDV Adaptor Kit 
Z86E2101 ZDF Conversion Kit 
Z86E2101ZDV Conversion Kit 
Z86C9300ZEM ICEBOX'" Emulator 
Z86C9500ZCO Evaluation Board 
Z89 S Series Emulators, Base Units and Pods 
Z89COOOOZAS Z89COO Assembler, Linker and Librarian 
Z89COOOOZCC Z89COO C Cross Com1>iler 
Z89COOOOZEM In-Circuit Emulator -COO 
Z89COOOOZSD Z89COO Simulator/Debugger 
ZPCMCIAOZDP PCMCIA Extender Card 

Additional Information 

L-6 

Zilog's Superintegration'" Products Guide 
Zilog's Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 

Part No 

DC-8303-01 

Unit Cost 

$5.00 



LITERATURE GUIDE 
zs~ MICROCONTROLLERS LITERATURE (Continued) 

Technical Manuals and Users Guides 

28® Microcontrollers Technical Manual 
286018 Preliminary User's Manual 
Digital TV Controller User's Manual 
289COO 16-Bit Digital Signal Processor User's Manual/DSP Software Manual 
286C9516-Bit Digital Signal Processor User Manual 
286017 PCM CIA Adaptor Chip User's Manual and Databook 
PLC 289COO Cross Development Tools Brochure 

ZS~ Application Notes 

The 28 MCU Dual Analog Comparator 
28 A_pplications for 1/0 Port Expansions 
286E21 28 Low Cost Thermal Printer 
2ilog FamUY On-Chip Oscillator Design 
Using the Zilog 286C06 SPI Bus 
Interfacing LCDs to the 28 
X-1 O Compatible Infrared OR) Remote Control 
286C17 In-Mouse Applicalions 
286C40/E40 MCU Applications Evaluation Board 
286C08/C17 Controls A Scrolling LED Message Display 
286C95 Hard Disk Controller Flash EPROM Interface 
Three 28® Applications Notes: TimekeeP.ing with 28; DTMF Tone Generation: 

Serial Communication Using the CCP Software UART 

Part No. Unit Cost 

DC-8291-02 5.00 
DC-8296-00 N/C 
DC-8284-01 5.00 
DC-8294-02 5.00 
OC-8595-00 5.00 
DC-8298-03 5.00 
DC-5538-01 N/C 

Part No Unit Cost 

OC-2516-01 N/C 
DC-2539-01 N/C 
OC-2541-01 N/C 
OC-2496-01 N/C 
OC-2584-01 N/C 
DC-2592-01 N/C 
DC-2591-01 N/C 
DC-3001-01 N/C 
DC-2604-01 N/C 
DC-2605-01 N/C 
DC-2639-01 N/C 
DC-2645-01 N/C 
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~z;u:a., LITERATURE GUIDE 
Z809/Z80009 DATACOMMUNICATIONS FAMILY OF PRODUCTS 
Databooks By Market Niche 

High-Speed Serial Communication Controllers 
ProductSpeciflcalions 

Z16C30 CMOS Universal Serial Controller (USC"') (Preliminary) 
Z16C32 Integrated Universal Serial Controller {IUSC'") (Preliminary) 

Application Notes 
Using the Z16C30 Universal Serial Controller with MIL-STD-1553B 
Design a Serial Board to Handle Multiple Protocols 
Datacommunications IUSC"'/MUSC'" Time Slot Assigner 

Support Products 
Z16C3001ZCO Evaluation Board Product Specification 
Z8018600ZCO Evaluation Board Product Specification 

Additional Information 
Zilog's Superintegration"' Products Guide 
Literature Guide 
Third Party Support Vendors 

Serial Communication Controllers 
ProductSpsclflcalions 

Z8030/Z8530 Z-Bus1111 SCC Serial Communication Controller 
Z80C30/Z85C30 CMOS Z-Bus9 SCC Serial Communication Controller 
Z80230 Z-Bus9 ESCC"' Enhance~ Serial Communication Controller (Preliminary) 
Z85230 ESCC'" Enhanced Serial Communication Controller 
Z85233 EMSCC'" Enhanced Mono Serial Communication Controller 
Z85C80 SCSCI'" Serial Communications and Small Computer Interface 
Z16C35/Z85C35 CMOS ISCC'" Integrated Serial Communications Controller 

Application NotBS 
Interfacing Z8500 Peripherals to the 68000 
SCC in Binary Synchronous Communications 
Zilog SCC Z8030/Z8530 Questions and Answers 
Integrating Serial Data and SCSI Peripheral Control on One Chip 
Zilog ISCC"' Controller Questions and Answers 
Boost Your System Performance Using the Zilog ESCC™ 
Zilog ESCC'" Controller Questions and Answers 
The Zilog Datacom Family with the 80186 CPU 
On-Chip Oscillator Design 

Support Products 
Z8S18000ZCO Evaluation Board Product Specification 
Z8523000ZCO Evaluation Board Product Specification 
Z80-18600ZCO Evaluation Board Product Specification 
ZEPMDC00002 Electronic Programmer's Manual Software 

Additional Information 

L-8 

Zilog's Superintegration· Products Guide 
Literature Guide 

Part No Unit Cost 

DC-8314-00 5.00 

Dc-8316-00 5.00 



<t'2iUJb LITERATURE GUIDE 
Z8QGD/Z8000- DATACOMMUNICATIONS FAMILY OF PRODUCTS 
Databooks 

Z80 Family Databook 
Discrete 18111' Family 

Z8400/COO NMOS/CMOS ZOO® CPU Product Specification 
Z8410/C10 NMOS/CMOS Z80 DMA Product Specification 
Z8420/C20 NMOS/CMOS Z80 PIO Product Specification 
Z8430/C30 NMOS/CMOS Z80 CTC Product Specification 
Z8440/C40 NMOS/CMOS Z80 SIO Product Specification 

Embedded ControllBfB 
Z84C01 Z80 CPU with CGC Product Specification 
Z8470 ZBO DART Product Specification 
Z84C90 CMOS Z80 KIO'" Product Specification 
Z84013/015 Z84C13/C15 IPC/EIPC Product Specification 

Application Notes and Technical Articles 
ZBO® Family Interrupt Structure 
Using the Z80® SIO with SDLC 
Using the Z80® SIO in Asynchronous Communications 
Binary Synchronous Communication Using the Z80® SIO 
Serial Communication with the Z80A DART 
Interfacing Z80® CPUs to the Z8500 Peripheral Family 
Timing in an Interrupt-Based System with the Z80® CTC 
A Z80-Based System Using the DMA with the SIO 
Using the Z84C11/C13/C15 in Place of the Z84011/013/015 
On-Chip Oscillator Design 
A Fast Z80® Embedded Controller 
ZBO® Questions and Answers 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide 
Third Party Support Vendors 
Zi log's Sales Offices, Representatives and Distributors 

Part No Unit Cost 

DC-8321-00 5.00 
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LITERATURE GUIDE 
Z809/Z80009 DATACOMMUNICATIONS FAMILY OF PRODUCTS 

Data books 

z1ao· Microprocessors and Peripherals Databook 
Product Spscifir:ations 

Z80180/Z8S180/Z8L 180 Z180'" Microprocessor 
Z80181 z151• Smart Access Controller (SAC'") 
Z80182/Z8L 182 Zilog Intelligent Peripheral Controller (ZIP"') 

Application Notes and Technical Artie/is 
Z180'" Questions and Answers 
z1ao•tscC Serial Communication Controller Interface at 10 MHz 
Interfacing Memory and 1/0 to the 20 MHz Z8S180 System 
Break Detection on the Z80180 and Z181'" 
Z182 Programming the MIMIC Autoecho ECHOZ182 Sample Code 
Local Talk Link Access Protocol Using the Z80181 

Support Products 
Z8S18000ZCO Evaluation Board 
Z8018100ZCO Evaluation Board 
Z8018101ZCO Evaluation Board 
Z8018101ZA6 Driver Software 
Z8018100ZDP Adaptor Board 
Z8018200ZCO Evaluation Board 
Z808 and Z80180 Hardware and Software Support 
Third Party SupportVendors 

Additional Information 

L·10 

Zilog's Superintegration· Products Guide 
Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 

Part No Unit Cost 

DC-8322·00 5.00 



~2iUJb LITERATURE GUIDE 
Z80-/Z8000• DATACOMMUNICATIONS FAMILY OF PRODUCTS 

Databooks and User's Manuals 

Z8000 Family of Products 
18000 Family Databook 

Zilog's Z8000 Family Architecture 
Z8001/Z8002 Z8000 CPU Product Specification 
Z8016 Z8000 Z-DTC Product Specification 
Z8036 Z8000 Z-CIO Product Specification 
Z8536 CIO Counter/Timer and Parallel 1/0 Unit Product Specification 
Z8038/Z8538 FIO FIFO lnpuVOutput Interface Unit Product Specification 
Z8060/Z8560 FIFO Buffer Unit 
Z8581 Clock Generator and Controller Product Specification 

User's Manuals 
Z8000 CPU Central Processing Unit User's Manual 
Z8010 Memory Management Unit (MMU) User's Manual 
Z8036 Z-CIO/Z8536 CIO Counter/Timer and Parallel lnpuVOutput User's Manual 
Z8038 Z8000 Z-FIO FIFO lnpuVOutput Interface User's Manual 
Z8000 Application Notes and Military Products 

Application Notes 
Using SCC with Z8000 in SDLC Protocol 
SCC in Binary Synchronous Communication 
Zilog's Military Products Overview 

Additional Information 
Zilog's Superintegration'" Products Guide 
Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 

Z80 Family Technical Manual 
Z80180 Z180 MPU Microprocessor Unit Technical Manual 
Z280 MPU Microprocessor Unit Technical Manual 
Z380'" Preliminary Product Specification 
Z380'" User's Manual 
Z2000 Spread-Spectrum Transceiver Advance Information Product Specification 
ZNW2000 User's Manual for PC WAN Adaptor Board Development Kit 

SCC Serial Communication Controller User's Manual 
High-Speed SCC, Z16C30 USC User's Manual 
High-Speed SCC, Z16C32 IUSC User's Manual 
Z16C35 ISCC Integrated Serial Communication Controller Technical Manual 
Z16C35 ISCC Integrated Serial Communication Controller Addendum 

Part No Unit Cost 

DC-8319·00 5.00 

DC-8309-00 5.00 
DC-8276-04 5.00 
DC-8224-03 5.00 
DC-6003-03 N/C 
DC-8297-03 5.00 
DC-6021-00 N/C 
DC-8315-00 N/C 

DC-8293-02 5.00 
DC-8280-04 5.00 
DC-8292-02 5.00 
DC-8286-01 5.00 

DC-8286-01A N/C 
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~2iUJJ., 
MILITARY COMPONENTS FAMILY 
Military Product Specifications 

Z8681 ROMless Microcomputer 
Z8001/8002 Military ZBOOO CPU Central Processing Unit 
Z8581 Military CGC Clock Generator and Controller 
Z8030 Military ZBOOO Z-SCC Serial Communications Controller 
Z8530 Military SCC Serial Communications Controller 
Z8036 Military ZBOOO Z-CIO Counter/Timer Controller and Parallel 1/0 
Z8038/8538 Military FIO FIFO lnpuVOutput Interface Unit 
Z8536 Military CIO Counter/Timer Controller and Parallel 1/0 
Z8400 Military ZBO CPU Central Processing Unit 
Z8420 Military PIO Parallel lnpuVOutput Controller 
Z8430 Military CTC Counter/Timer Circuit 
Z8440/1/2/4 Z80 SIO Serial lnpuVOutput Controller 
Z80C30/85C30 Military CMOS SCC Serial Communications Controller 
Z84COO CMOS Z80 CPU Central Processing Unit 
Z84C20 CMOS Z80 PIO Parallel lnpuVOutput 
Z84C30 CMOS Z80 CTC Counter/Timer Circuit 
Z84C40/1/2/4 CMOS ZBO SIO Serial lnpuVOutput 
Z16C30 CMOS USC Universal Serial Controller (Preliminary) 
Z80180 Z180 MPU Microprocessor Unit 
Z84C90 CMOS KIO Serial/Parallel/Counter Timer (Preliminary) 
Z85230 ESCC Enhanced Serial Communication Controller 

L-12 

LITERATURE GUIDE 
Part No 

DC-2392-02 
DC-2342-03 
DC-2346-01 
DC-2388-02 
DC-2397-02 
DC-2389-01 
DC-2463-02 
DC-2396-01 
DC-2351-02 
DC-2384-02 
DC-2385-01 
DC-2386-02 
DC-2478-02 
DC-2441-02 
DC-2384-02 
DC-2481-01 
DC-2482-01 
DC-2531-01 
DC-2538-01 
DC-2502-00 
DC-2595-00 

Unit Cost 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 



LITERATURE GUIDE 
GENERAL LITERATURE 
Catalogs, Handbooks, Product Flyers and Users Guides 

Superintegration Master Selection Guide 1994-1995 
Superintegration Products Guide 
Quality and Reliability Report 
ZIA'" 3.3-5.5V Matched Chip Set for AT Hard Disk Drives Datasheet 
ZIA ZIAOOZCO Disk Drive Development Kit Datasheet 
Zilog Hard Disk Controllers - Z86C93/C95 Datasheet 
Zilog Infrared (IR) Controllers - ZIRC'" Datasheet 
Zilog V. Fast Modem Controller Solutions 
Zilog Digital Signal Processing - Z89320 Datasheet 
Zilog Keyboard Controllers Datasheet 
Z380'" - Next Generation Z80®/Z180'" Datasheet 
Fault Tolerant ZS® Microcontroller Datasheet 
32K ROM ZS® Microcontrollers Datasheet 
Zilog Datacommunications Brochure 
Z89300 OTC Controller Family Brochure 
Zilog Digital Signal Processing Brochure 
Zilog ASSPs - Partnering With You Product Brochure 
Zilog Wireless Products Datasheet 
Zilog Z8604 Cost Efficient Datasheet 
Zilog Chip Carrier Device Packaging Datasheet 
Zilog Database of IR Codes Datasheet 
Zilog PCM CIA Adaptor Chip Z86017 Datasheet 
Zilog Television/Video Controllers Datasheet 
Zilog TAD Controllers- Z89C65/C67/C69 Datasheet 
Zilog Z87000 Z-Phone Datasheet 
Zilog 1993 Annual Report 
Zilog 1994 First Quarter Financial Report 

Part No Unit Cost 

DC-5634-00 N/C 
DC-5676-00 N/C 
DC-8329-00 N/C 
DC-5556-01 N/C 
DC-5593-01 N/C 
DC-5560-01 N/C 
DC-5558-01 N/C 
DC-5525-02 N/C 
DC-5547-01 N/C 
DC-5600-01 N/C 
DC-5580-02 N/C 
DC-5603-01 N/C 
DC-5601-01 N/C 
DC-551 g.,oo N/C 
DC-5608-01 N/C 
DC-5536-02 N/C 
DC-5553-01 N/C 
DC-5630-00 N/C 
DC-5662-00 N/C 
DC-5672-00 N/C 
DC-5631-00 N/C 
DC-5585-D1 N/C 
DC-5567-01 N/C 
DC-5561-02 N/C 
DC-5632-00 DIC 
DC-1993-AR N/C 
DC-1994-01 N/C 
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~2iUO;:, LITERATURE GUIDE 
ORDERING 
INFORMATION 

Complete the attached literature order form. Be 
sure to enclose the proper payment or supply a 
purchase order. Please reference specific order 
requirements. 

NAME 

COMPANY 

ADDRESS 

CITY 

PART NUMBER 

+ -
-
-
-
-
+ 
-
-
-
-
-

. -
+ 
-I 

MINIMUM ORDER 
REQUIREMENTS 

Orders under$300.00 must be prepaid by check, 
money order or credit card. Canadian and for
eign orders must be accompanied by a cashier's 
check in U.S. dollars, drawn on a correspondent 
U.S. bank only. 
Orders over $300.00 may be submitted with a 
Purchase Order. 

PLEASE PRINT OR TYPE 

}srATE }z1P 

DOCUMENT TITLE 

MailTo: Credit Card or Purohase Order # 

SHIPMENT 

Orders will be shipped after your check is cashed 
or credit is checked via the most economical 
method. Please allow four weeks for delivery. 

RETURNS ARE NOT ACCEPTED. 

PHONE ( ) -
Method of Payment (Check One) 

CCheck C Money Order 
Credit Card 0 VISA 0 WC 0 P.O. (over $300.00) 

COUNTRY 

UNIT COST QTY. TOTAL 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

SUBTOTAL 

4'2il.06 Expiration Date ADD APPLICABLE SALES TAX (CA ONLY) 

210 E. HACIENDA AVE. MIS C1-0 
CAMPBELL, CA 95008-6600 

Phone: ( 408)370-S016 
Fax: (408)370-S056 

Signature ADD 10% SHIPPING AND HANDLING 

TOTAL II 





a ZiLIJG INOUIRY CARD 

Thank you for your interest in Zilag products. Ta receive prompt attention 
and Information, please fill out this reply card and mail it ta Zilag. 

llease send me more information on Zilog products in the following areas: 

o General-Purpose O Mass Storage O Low Voltage Controllers o Wireless Communications 

:i Multimedia :i Fax/Modem Control O Datacommunications o Speech Processing/Synthesis 

"he primary product/Industry in which my company is involved is: ___________________ _ 

8y specific application is: -----------------------------------

~y need is: 

Name 

Company 

Address 

City 

:.::; Immediate O Within 6-12 months 

Telephone ( ) , Ext. 
Fax <~ _ _,) __________ _ 

lease tell us where you heard about Zilog: 

o Colleague's recommendation o Direct sales call 

O Prior experience with company O Distributor or rep 

O Long-term O For information only 

Title ---------------

ST ZIP ____ _ 

O Advertisement (where? ) 

o Conference Presentation (where? ) 
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