


N2iLas

Microcontrollers

For Peripherals and Consumer

Discrete Z8°

Electronic Products

Z86C03
Z86EO03
Z86C04
Z86E04
Z86C06
Z86E06
Z86C07
Z86E07

Includes Specifications
for the following parts:

Z86C08
Z86E08
Z86C30
Z86E30
Z86C31
Z86E31
Z86C40
Z86E40

Databook

Q3/94 DC 8318-02






DISCRETE Z8® MICROCONTROLLERS
TABLE OF CONTENTS

TITLE SECTION

QuicKk TAKE — A SUMMARY OF PARTS AND FEATURES A

Z8® PRODUCT SPECIFICATIONS

Z86C03/C06 CMOS Z8® 8-BiT CONSUMER CONTROLLER PROCESSORS «evveveseeseresenses 1
Z86EO03/E06 CMOS Z8° 8-BiT OTP CoNSUMER CONTROLLER PROCESSORS .....coesee 2
Z86C04/C08 CMOS Z8°® 8-BiT Low Cost 1K/2K ROM MICROCONTROLLERS .......... 3

Z86E04/E08 CMOS Z8® 8-Bit OTP MICROCONTROLLERS
Z286C07 CMOS Z8® 8-BiT MICROCONTROLLER
Z86E07 CMOS Z8°® 8-Bit OTP MICROCONTROLLER

Z86C30/C31 CMOS Z8°® 8-BiT CONSUMER CONTROLLER PROCESSORS ..eetnsesssessssases 7
Z86E30/E31 CMOS Z8® 8-BiT OTP CONSUMER CONTROLLER PROCESSORS ......cce.s 8
Z86C40 CMOS Z8® 4K ROM CONSUMER CONTROLLER PROCESSOR ....cuseressssssaessanes 9
Z86E40 CMOS Z8® 8-BiT OTP CONSUMER CONTROLLER PROCESSORS...ccessssserssees 10

Z8® MICROCONTROLLERS APPLICATION NOTES

TIMEKEEPING WITH THE Z8°...... 11-1

UsiNG THE ZiLoG Z86C06 SPI BUS........ccuscerseemsasiisensansssenssnassanees 11-15
DTMF Tone GeneratioN Using THE Z8® CCP™.... - 11-37
SeriaL CommunicaTioNs UsING THE Z8%® CCP™ SoFTwARE UART .....ccccvevercemsannianns 11-45
THe VersaTiLE Z86C08: THRee Key FEATURES oF THis Z8° MCU - 11-51
THe Z86C08 ConTRoLs A ScroLLING LED MessaGe DispLAY 11-59
INTERFACING LCDs 10 THE Z8® MICROCONTROLLER +uveersssssersans 11-75

ON-CHIP OsciLLaToR DESIGN eeesesssessssannsnenennrannnn 11-89




TABLE OF CONTENTS

(CONTINUED)
TiTLE SECTION
SuPPORT PRODUCTS AND THIRD PARTY VENDORS
Z86C0800ZCO EvaLuaTion Boarp 12-1
Z86C0800ZDP Apartor KiT 12-2
Z86C1200ZEM EmuLATOR 12-3
Z86E0600ZDP ApartoR Kir 12-4
Z86E0700ZDP AparTOR KT ..... 12-5
Z86E3000ZDP AparTtoR KiT ..... 12-6
Z86E4000ZDF Apartor Kir...... 12-7
Z86E4000ZDP AparToR Kir 12-8
Z86E4000ZDV ADAPTOR KIT ....ccecremminssnersaensensans 12-9
Z86E4001ZDF Apartor Kit 12-10
Z86E4001ZDV ADAPTOR KiT ..uceeetrsiencesnsrsnnnensssne 12-11
Z86CCPO0ZEM EmuaLTOR 12-12
Z86CCP00ZAC Emutator Kit 12-13
Z8®S SERIES EMULATORS .ccoiurisarsssnisansssnmssnnsssnnissmsssmssssssssssssssssssssssnsesssnsasssssasnsansan 12-14
Base UNiTs AND PoDs
THIRD PARTY VENDORS 12-15
SUPERINTEGRATION™ PRODUCTS GUIDE ...ccssasensessssrsssansssssssnsessssnsssnsnsassssanseens S
Z1LoG's SALES OFFICES, REPRESENTATIVES & DISTRIBUTORS .....coscersssasnnensas Y4
LITERATURE GUIDE AND ORDERING INFORMATION .....cocssssnensemssssannsmnsssassnnnnennes L




N 25 Discrere Z8° MICROCONTROLLERS

Quick Take — A Summary oF PArts aAND FEATURES

786C1200ZEM - Emulator
286C1200ZPD - Adaptor Kit
286CCPOOZEM - Emulator
286CCPO0ZAC - Emulator

786C5000ZDP - Adaptor Kit
Z86CCPOOZEM - Emulator
286CCPOOZAC - Emulator

512 Byte ROM
[incram 76% CPU 789 CPU —WD?”:I:‘:—T—,_ 788 CPU
WDT | 64 RAM wor | A% e wor | 24
P2 P3 PO P2 P2 l P3 P2 P3
Parr NumBen 186C03 286C04/Z86E04 186C06 186C07/2Z86E07 I
DescripTioN Consumer Controller Processor (CCP™) | Z86C04 = 8-Bit Low Cost 1 Kbyt ROMMCU | Consumer Controller Processor (CCP™) |  Z86C07 = 8-Bit 2 Kbyte ROM MCU
with 512 Byte ROM 786E04 = OTP Version with 1 Kbyte ROM Z86E07 = OTP Version
I PRocess/SPEED | cmos: 8 MH:z CMOS: 8 MHz CMOS: 12 MHz CMOS: 8and 12 MHz I
Features m 512 Byte ROM m 1 Kbyte ROM = 1 Kbyte ROM W 2 Kbytes ROM
B 64-Byte RAM W 128-Byte RAM B 128-Byte RAM H 124-Byte RAM
| Two Standby Modes B Two Standby Modes m Two Standby Modes | Two Standby Modes
W One Counter/Timer M Two Counter/Timer M Two Counter/Timer | Two Counter/Timer
W ROM Protect B ROM Protect B ROM Protect W ROM Protect
M Two Analog Comparator | Two Analog Comparator W Two Analog Comparator W Two Analog Comparator
W Auto Power-On Reset W Auto Power-On Reset W Auto Power-On Reset W Auto Power-On Reset
W Low-Voltage Protection W Low-Voltage Protection (ROM Only) | Low-Voltage Protection (ROM Only) § m Low-Voltage Protection (ROM Only)
m 141/0 m 141/0 m 1410 | 141/0
m RC Oscillator Option W Low-Noise Option B RC Oscillator Option W Low Noise Option
B Low-Noise Option B Serial Peripheral Interface (SP) M Programmable Interrupt Polarity
IPacxace 18-Pin DIP 18-Pin DIP 18-Pin DIP 18-Pin DIP
18-Pin SOIC 18-Pin SOIC 18-Pin SOIC 18-Pin SOIC
Su
OUPPORT Z86CCPOOZEM - Emulator 786C0800ZCO - Evaluation Board Z86E0600ZDP - Adaptor Kit Contact Your Local Zilog Sales Office
Pronucts Z86CCPOOZAC - Emulator 786C0800ZDP - Adaptor Kit 786C5000ZEM - Emulator




Discrete Z8® MICROCONTROLLERS

Quick Take — A Summary oF PaRrTs AND FEATURES

2KROM 4K ROM 2K ROM WK PO
789 CPU 78% CPU 788 CPU
DiacraAm wor | 128 wor | 25 wor | B0 cPy
RAM o 7 | P WDT|236 RAM| P1
| P P2 P2 P2 | p3 | Po
IPm Numser 85C08/286E08 286C30/286E30 Z865C31/Z86E31 286C40/286E4D
DEescriPTION 786008 = 78° MCU with 2 Kbyte ROM 786030 = 78® (CCP™) with 4 Kbyte ROM |  786C31 = 8-Bit MCU with 2 Kbyte ROM 28® Consumer Controller
Z86E08 = OTP Version Z86E30 = OTP Version Z86E31 = OTP Version Prouessor CCP™)
=QTP Version
| Process/SPEED | cMos: 12 Mz CMOS: 12 MHz CMOS: 8 MHz CMOS: 12 MHz J
FEATI!IIBS | 2Kbyte ROM W 4 Kbyte ROM B 2 Kbyte ROM m 4K ROM, 236 RAM
W 128 Byte RAM W 236 Byte RAM W 128 Byle RAM W Two Standby Modes
| Two Standby Modes B Two Standby Modes W Two Standby Modes m Two Counter/Timers
| Two Counter/Timer | Two Counter/Timer B Two Counter/Timer m ROM Protect
B ROM Protect B ROM Protect m ROM Protect W RAM Protect
W Two Analog Comparators W Two Analog Comparators W Two Analog Comparators | Four Ports
W Auto Power-On Reset W Auto Power-On Reset W Auto Power-On Reset B Low-Voltage Protection
W Low-Voltage Protection (ROM Only) W Low-Voltage Protection (ROM Only) W Low-Voltage Protection (ROM Only) W Two Analog Comparators
m 1410 m 2410 | 2410 = Low-EMI Mode
m Low-Noise Option W RC Oscillator Option W RC Oscillator Option W Watch-Dog Timer (WDT)
| Low-Noise Option W Low-Noise Option W Auto Power-On Reset
W Low-Power Option
I PABKAGE 18-Pin DIP 28-Pin DIP 28-Pin DIP 40-Pin DIP
18-Pin SOIC 28-Pin PCB Chip Carrier 28-Pin PCB Chip Carrier 44-Pin PLCC
SIII’PMT 286C0800ZCO - Evaluation Board Z86E3000ZDP - Adaptor Kit Z86E3000ZDP - Adaptor Kit Z86C5000ZEM - Emulator
Pnon“ms Z86C0800ZDP - Adaptor Kit 786C5000ZEM - Emulator 286C5000ZEM - Emulator Z86CCPOOZEM - Emulator

h_

Z86C1200ZEM - Emulator
786C1200ZDP - Adaptor Kit
Z86CCPOOZEM - Emulator
Z86CCPOOZAC - Emulator

Z86C5000ZPD - Emulator Pod
Z86CCPOOZEM - Emulator
Z86CCPO0ZAC - Emulator

Z86C5000ZPD - Emulator Pod
Z86CCPOOZEM - Emulator
286CCPOOZAC - Emulator

Z86E4000ZDP - Adaptor Kit
Z86E4000ZDV - Adaptor Kit
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286C03/C06 CMOS 28® 8-Bit CCP™
Consumer Controller Processors

Z86ED3/EDG CMOS Z8° 8-Bit OTP CCP™
Consumer Controfler Processors

Z286C04/C08 CMOS 28° Low Cost
1K /2K ROM Microcontroliers

Z86E04/E08 CMOS Z8°
8-Bit OTP Microcontrollers

86007 CMQS Z8°©
8-Bit Microcontroller

Z86E07 CMOS 28°
8-Bit TP Microcontroller

286C30/C31 CMOS Z8° 8-Bit CCP™

Consuinier Gontiolier Processors S
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PRODUCT SPECIFICATION

286C03/C06

CMOS Z8°® 8-BiT CCP™
CONSUMER CONTROLLER PROCESSORS

FEATURES

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

Part ROM RAM Speed
Z86C03 512 bytes 60 8 MHz
Z86C06 1 Kbyte 124 12 MHz

W 18-Pin Package (DIP, SOIC)
m  3.0to 5.5 Volt Operating Range
m Operating Temperature: -40°C to +105°C

W Fast Instruction Pointer: 1.5 ps @ 8 MHz (C03);
1.0 us @ 12 MHz (C06)

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 Programmabile 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.

W Serial Peripheral interface (SPI) (Z86C06 Only)
B Multiple Expanded Register File Control Registers
and Two SPI Registers (Z86C06 only) B Software Programmable Low EMI Mode
B One/Two Programmable 8-Bit Counter/Timers, B ROM Protect Option
Each with a 6-Bit Programmable Prescaler
B Auto Latches
B Six Vectored, Priority Interrupts from Six Different
Sources
GENERAL DESCRIPTION

The Z86C03/C06 CCP™ (Consumer Controller Proces-
sors) are members of Zilog's the Z8® single-chip micro-
controller family with enhanced wake-up circuitry, pro-
grammable watch-dog timers and low noise/EMI options.
These enhancements result in a more efficient, cost-
effective design and provide the user with increased
design flexibility over the standard Z8 microcontroller
core. With512 and 1K bytes of ROM and 60 and 124 bytes
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.

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 IfO circuits. The Z86C03/C06
offers a flexible 1/0O 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/O 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 O.

1-1
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286C03/C06 CMOS Z6° 8-Bir CCP™
CONSUMER CONTROLLER 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 I/O 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 SPl compare register in the Z86C06.

CO06 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:

i

(Bit Programmable)

Connection Circuit Device
With powerful peripheral features such, as on-board com-
parators, counter/timer(s), Watch-Dog Timer (WDT), and Power Voo Voo
Serial Peripheral Interface (SPI) (CO6 only), the Z86C03/ Ground GND Vs
Output  Input Vee GND XTAL
o N vachi
Port 3 N— Machine
° nd Timing & Inst.
Control
c "ft " C:_— WDT, POR
ounter, )
Timers 1 ALU TT
FLAG
Prg. Memo
Interrupt  gA— SI2K x|
Control N— 8-Bit
Register
Two Anal Pointer
wo Analog jren——— Program
Comparators <: R;g'/ﬁ':; F‘;Ie L Counter
8-Bit
Serial *
Peripheral /‘_\
Inteprface
1l + 286C03 has one counter/timer.
* Serial Peripheral Interface for the Z86C06 only.
Port 2

Figure 1. Z86C03/C06 Functional Block Diagram




286C03/C06 28° 8-Bir CCP™
N 2ILa5B O o,

CONSUMER CONTROLLER PROCESSORS
PIN DESCRIPTION
[: N2 :I Table 1. 18-Pin DIP and SOIC Pin Identification
P24 1 P23
18 No  Symbol Function Direction
P25 E 2 7 j P2z 1-4 P24-27 Port2 4,5 In/O
- - ort 2, pins 4,5, 6,7 n/Output
P26 [] 3 786003 ' ° ] P2t 5 Voo Power Supply
P2z [1 4 “and 15 [ P20 6 XTAL2  Crystal Oscillator Clock Output
Veo L- 5 286C06 1 :' GND 7 XTAL1  Crystal Oscillator Clock Input
DIP 8-10 P31-33 Port3,pins 1,2 3 Fixed Input
xmaz [ 6 13 [1 P3s 1113 P34-36  Port 3, pins 4, 5, 6 Fixed Output
xTaL1 [ 7 12 [] P35 14 GND  Ground
pat [ s a1 O paa 15-18 P20-23 Port2, pins 0,1, 2,3 In/Output
pa2 [] 9 10 ;I P33

Figure 2. 18-Pin DIP Pin Configuration

pe [ ~ 18 ][] Pes
ps [ |2 7] pe2
Pes [ |3 o ] P2t
Pz [ | ¢ Z?&Oa 15[ [ ]P0
vee [} s 286C06 “l Jenp
xtaz [ ] ¢ soie 13 ][] rss
xau [ ] 7 2] pss
pat [ | 8 n [J[ ] pas
p2 [T ]° 10 _]pss

Figure 3. 18-Pin SOIC Pin Configuration




Q205 ot CoMTRLLER ProcEssons
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.

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 2 (P27-P20). Port 2 is an 8-bit, bi-directional, CMOS
compatible /O port. These eight I/O 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 (SP! on the Z86C06
only).

P27 =

P26 jt———————p

Y
J

P25 |-

P24 [———————»

Y

>— Port 2 (1/0)

Z86C06
P23 (—————————
P22 |ee -
P21 (————————————p
P20 |—————— )
Port 2
Open-Drain I
P21-P26 OE ——D’—— P21-P28
PAD
P21-P26 OUT
1.5« 2.3 Hysteresis @ V; = 5.0V
P21-P26 IN {}
| T
Auto Latch

i

Figure 4a. Port 2 Configuration (Z86C06)

1-4
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C%MCWOOG CMOS Z8* 8-Bir CCP™

NSUMER CONTROLLER PROCESSORS

Open-Drain

P20 OE l— -
SPIEN —_l—‘D_’_Db_D_t

P20
' PAD
m
P20 IN
or ﬁ]
SPI DI
rr————""~>"~""=""=""7=""="7"7 A
: : Auto Latch
| |
L R Az 500K Q Jl
Open-Drain T
P27 OUT Standard ),__.ﬁ
P27
SPI DO SPI T I Do
PAD
P27 OE Standard [
SPI Active s g D’—t
SCON m
0 SPI DO Enable
l 2| | 1 P27 OUT
*SPI must be enabled with DO.
P27 IN 4}
| T
= : Auto Latch
| |
L R 500K Q J'

Figure 4b. Port 2 Configuration (Z86C06)




266C03/C06 CMOS Z8® 8-Bir CCP™
@ 2L CONSUMER CONTROLLER PROCESSORS

PIN FUNCTIONS (Continued)

P27 jt—m————— \
P26 (t——————————
P25 (——————i~

P24 |t————————
>- Port 2 (1/0)

Z86C03
P23 |——————————p
P22 (¢——————p
P21 (——
P20 | J
Port 2
Open-Drain 1
P20-P27 OE ——-D——— P20-P27
PAD
P20-P27 OUT
1.5 «+—» 2.3 Hysteresis @ V¢ = 5.0V
P20-P27 IN Jdl
U S
Auto Latch

:

Figure 4c. Port 2 Configuration (Z86C03)
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286C03/C06 CMOS Z8° 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

Auto Latch. The Auto Latch puts valid CMOS levels on all
CMOS inputs (except P33, P32, P31) that are notexternally
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 D1). 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 T, 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 (T,) and
P36 (Tyy0)-

Inthe Z86C06, 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 B
P35 ———— -
P34
286C03/06 Port3
(/0 or Control)
P33 |[——————————
P32 |
P31
Port3 /
R247 = P3M
1 =Analog
L o1 ] 42 Digital
DIG.£
P31 (AN1) ) IRQ2, Ty, P31 Data Latch
’ + AN. !
1
— - i
!
P32 (AN2) Lﬁ————q JRQO, P32 Data Latch
7 + :
P33 (REF) 1
> ' :

Figure 5a. Port3

So—————o IRQ1, P33 Data Latch

From STOP-Mode Recovery
Source (Z86C06 only) I

uration

Config
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286C03/C06 CMOS Zg* 8-Bir CCP™
CONSUMER CONTROLLER PROCESSORS

PIN FUNCTIONS (Continued)

SKIN é}
SPIMSTR -
PAD
SPIEN )——i
SKOUT
P34 OUT ——\ MUX —
P31 e
REF A
Ss N-U
SPIEN r
SPIMSTR D P35
PAD
P35 OUT ———\
P32

PCON
r l °°| 0 P34, P35 Standard Output

1 P34, P35 Comparator Output

Figure 5b. Port 3 Configuration (Z86C06)

Low EMIEmission. The Z86C03/C06 can be programmed
to operate in a low EMI emission mode in the PCON
register. The oscillator and all 1/O ports can be pro-
grammed as low EMI emission mode independently. Use
of this feature results in:

M The pre-drivers slew rate reduced to 10 ns (typical).
B LowEMIioutputdriversresistance of 200 ohms (typical).

m Low EMI oscillator.

W Internal SCLK/TCLK = XTAL 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 P31and 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.
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Z86C03/C06 CMOS Zg® 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

FUNCTIONAL DESCRIPTION

The foliowing special functions have been added to the
Z86C03/C06 CCPs to enhance the standard Z8® 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
Z86C03/C06 does notrequire 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. Z86C03/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 LDCI 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 LDCl instructions in
all modes. ROM look-up tables are not supported in
this mode.

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
input/output ports into the register address area. The Z8
register address space RO through R15is implemented as
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 Z86C03, three system configura-
tion registers reside in the ERF address space Bank F. For
the Z86C086, 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 On-Chip
First Byte of ROM
Instruction ~. fF-=--=--=-==-==--
Executed % -
After RESET B
n IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt IRQ3
Vector IRQ3
(Lower Byte) \ ’
5 ™~ IRQ2
4 L% |
Interrupt / RQ2
Vector <3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 6. Program Memory Map

1-9
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286C03/C06 CMOS Zg° 8-Bir CCP™
CONSUMER CONTROLLER PROCESSORS

FUNCTIONAL DESCRIPTION (Continued)

Z8 STANDARD CONTROL REGISTERS
RESET CONDITION

REGISTER Jo7|oe |ps | 4] 3| o2 m@
REGISTER POINTER FF SPL ulufufulufulufu
|7]3|5I4l3l2J1|ol FE GPR vjulujujujujutu
) ) ) FD RP ojojojJofolo]o]o
ot Regetr | [Eganaen gt T e nnnne
FB IMR ojujujujujuiulu
FA IRQ ofojojojojojojo
F9 IPR Uufujujujujuijutu
F8 PO1M Ujujujojujuijuju
* F7 P3M ufujujujujuijoto
* Fé P2M TPt 1111
F5 Reserved
F4 Reserved
Z8 Reg. File F3 PRE1 ujujujujujuijo]o
FF F2 T vjuj ujujujujuju
FO| F1 TMR 0ojojojojojoijojo
\ FO Reserved
Not Implemented EXPANDED REG. GROUP (F)
/ REGISTER RESET CONDITION
* | (FOF WDTMR vjujulo]1]i1fo]r
aF (F) OE Reserved
(F) 0D Reserved
(F) 0C Reserved
* | mos SMR ojof1jojojofo]t
(F) 0A Reserved
(F) 09 Reserved
(F) 08 Reserved
(F) 07 Reserved
OF (F) 06 Reserved
00 (F) 05 Reserved
(F) 04 Reserved
(F) 03 Reserved
(F) 02 Reserved
(F) 01 Reserved
(F) 00 PCON 1p1j1jujujujujo
EXPANDED REG. GROUP (0)
Notes: REGISTER RESET CONDITION
Dowar-u, oy are ot changed ater rose, [ @os s ] fefufulule
*Will not be reset with a STOP-Mode Recovery (0) 02 P2 Ululululvlujulu
U = Unknown (0) 01 Reserved vulujfutulujujulu
1 = Reserved (0) 00 Reserved ufujulujujujuju

Figure 7a. Expanded Register File Architecture (Z86C03)




Z86C03/C06 CMOS Z8* 8-Bry CCP™
CONSUMER CONTROLLER PROCESSORS

REGISTER POINTER
Lrlefs]elslz]]o]

Working Register Expanded Register
Group Pointer Group Pointer

Z8 Reg. File

FF
FofT T

_ Notimplemented:

. ' '

S 0_,_ 3
7F
oF
00

Notes:

purpose are undefined after

power-up, and 1hey are not changed after reset.
* Will not be reset with a STOP-Mode Recovery.

U = Unknown
1 = Reserved

*+ Will not be reset with a STOP-Mode Recovery, except DO.

Z8 STANDARD CONTROL REGISTERS
RESET CONDITION
D7 Dslns]m]na]uz]m [Do|

REGISTER
FF SPL ulu] u]Jufjufu]ulu
FE GPR vjujujulujujuju
FD RP ojojojojojojo]o
FC FLAGS vlu| ujujujujuju
FB IMR ojul ujujujuju]u
FA IRQ ofofofjojo]o]o]o
Fo IPR vlu]u]Jujujuju]u
F8 POIM ufulujofujujuju
* | F7 P3M ulu] uJujujujojo
* | Fe P2M NEIRIERERERERE
F5 PREO vlulufulujujujo
F4 T0 uvlu] vjujujuju]u
Fa PRE1 ulujuju]ujujo]o
F2 T vJujujJu]ujujuju
F1 TMR oJo]o]Jojojojo]o
FoO Reserved
EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
* | (AOF WDTMR ufujulo]1]1]o]s
(F) OE Reserved
(F) OD Reserved
(F) 0C Reserved
** | Fmos SMR olofji1jojojojojo
(F) 0A Resarved
(F) 09 Reserved
(F) 08 Reserved
(F) 07 Reserved
(F) 06 Reserved
(F) 05 Reserved
(F) 04 Reserved
(F) 03 Reserved
(F) 02 Reserved
(F) 01 Reserved
(F) 00 PCON 1l1]1]ujuluju]o
EXPANDED REG. GROUP (C)
REGISTER RESET CONDITION
©) e SCON vlvjujulojo]o]o
©o RxBUF vjulujujujujulu
(C) 00 SComP ojoJofojojojojo
EXPANDED REG. GROUP (0)
REGISTER RESET CONDITION
ng P3 tp1jrjrfjujuju|t
| (©o02 P2 vlujufulujujulu
(0) 01 Resarved vlujufulujujulu
(0) 00 Reserved vjujujujujujulu

Figure 7b. Expanded Regisier Fiie Architeciure (Z86C06)
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FUNCTIONAL DESCRIPTION (Continued)
R253 RP registers directly or indirectly via an 8-bit address field.

EEEEREEE
I-———— Expanded Register Group

king Register Group

Note: Default Setting After Reset = 00000000

Figure 8. Register Pointer Register

Register File. The Register File consists of two 1/O 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

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.

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
occursinthe V. 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.

-_-.,{ rr., e s 's | 3 Tp Iy T |R253
The upper nibble of the register file address
(F—— provided by the register pointer specifies
the active working-register group
7F
- Z86C06 Only
70
6F
- 2Z86C06 Only
60
5F
- 2Z86C08 Only
50
4F
- 2Z86C06 Only The lower nibble
40 of the register
3F . file address
L __ Saecig?d Vé°’k'"9 <«— provided by the
2 egister Group instruction points
2F to the specified
| __ register
20
1F
- Register Group 1 R15 to RO
10
| __ oF Reglster Group 0 } Ri5t0R4*
o L | VoPorts }—Rs to Ro*

* Expanded Register Group (0) is selected
in this figure by handling bits D3 to DO as
"0" in Register R253 (RP).

Figure 9. Register Pointer
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Counter/Timers. There are two 8-bit programmable  prescaler can be driven by internal or external clock
counter/timers (TO-T1), each driven by its own 6-bit pro-  sources, however, the TO prescaleris driven by the internal
grammable prescaler (Z86C03 only has T1). The T1  clock only (Figure 10).

osc
D1(SMR) ¢
Y
+2 Internal Data Bus
' wiey 1p waey I ey P
e
R PREO* To* T0*
DO (SMR) Initial Value Initial Value Current Value
Register Register Register
Iy Iy ]
6-Bit * 8-bit *
1 44" bl Down Ram Down
¢—> Intemal Counter Counter > |RQ4/SPI"
Clock
Y
Y +2 f——s Tour
External Clock T P36
Clock
Logic
6-Bit 8-Bit > |RQ5
- +4 Down F- Down
\ Counter Counter —l l
Intemal Clock TT T?
Gated Clock PRE1 T T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31 Write * TT Write T? Read4 U
* Avaliable only in the Z86C06 Intemnal 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, 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-

nal signal input via Port 3. The Timer Mode register config-
ures the external timer input (P31) as an external clock, a
triggerinputthat can be retriggerable or non-retriggerable,
or as a gate input for the internal clock. Port 3, line P36
serves asatimer output (T, ;) through which TO(CO6 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(CO6 only). The T,, mode is enabled by setting PRE1
bit D1 (R243) to 0.

Interrupts. The Z86C03/C06 has six different interrupts
fromsix 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).

IRQ0 IRQ2
IRQ1,3,4,5 l ‘
Interrupt
Edge [*—— IRQ(D6, D7)
Select
AL Yy
IRQ
HRAR L___}
ecseoe °
LI
IMR
6
//
Global IPR
Interrupt
Enable u
Interrupt { PRIORITY oy
Request LOGIC -

U

Vector Select

Figure 11. Interrupt Block Diagram
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Table 2. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQO IRQO 0,1 External (P32), Rising/Falling Edge Triggered
IRQ 1 IRQ1 2,3 External (P33), Falling Edge Triggered
IRQ 2 IRQ2 T, 4,5 External (P31), Rising/Falling Edge Triggered
IRQ 3* IRQ 3 6,7 Software Generated, SPI Receive
IRQ 4 TO/IRQ 4 8,9 Internal for C06 and Software Generated for C03
IRQ 5 Tl 10, 11 Internal

Note:

* In the Z86C06, the SP!I 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 subsequentinterrupts, savesthe
Program Counter and Status Flags, and then branches to
the program memory vector location reserved for that
interrupt. All Z86C03/CO6 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. Inthe Z86C06, when the SPlis disabled, IRQ3 has
no hardware source but can be invoked by software (write
to IRQ3 Register). Whenthe SPl is enabled, aninterrupt 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 IRQQ. 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 D7 and D6. The
configuration is shown in Table 3.

Table 3. IRQ Register

IRQ Interrupt Edge
D7 D6 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
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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 (XTAL1 = 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 XTAL1 and XTAL2
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 L I

| XTAL2 XTAL2
Ceramic Resonator or LC
Crystal C1,C2=22pF
C1,02=47pFTYP* "
F =8 MHz L=130 pH
F =3 MHz

* Preliminary Value Including Pin Parasitics

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 XTAL1 to XTAL2, with a fre-
quency-setting capacitor from XTAL1 to ground (Figure
12). The RC value vs. Frequency curves are shown in
Figures 57 and 58.

In addition, a special feature has been incorporated into
the Z86CO3/CO6; in low EMI noise mode (bit 7 of PCON
register=0) with the RC option selected, the oscillator is
targeted to consume considerately less I, current at
frequencies of 10 kHz or less.

XTAL1 XTAL1
C1
L
XTAL2 XTAL2
RC External Clock
@ 5V Vee (TYP)
C1 = 33pF*
R = 1kQ*
F=9.5 MHz

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 V.. 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:

B Power-Fail to Power-OK Status
B STOP-Mode Recovery (If D5 of SMR=1)

B WDT Timeout

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. AHaltinstructions will turn off the internal CPU clock
but not the XTAL 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.

1-16



N 2iLa5

266C03/C06 CMOS Zg* 8-Bir CCP™
CONSUMER CONTROLLER PROCESSORS

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 WDT timeout, POR, SPIcompare; or SMRrecovery. This
causes the processor to restart the application program at
address 000C (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
aNOP (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

Serial Peripheral Interface (SP1)—2Z86C06 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 for the SPI feature whenitis 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 SPIControl Register (SCON) (Figure 13)is aread/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 thisregister 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 I/O function. ifa 1is

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
outone bit for each bitreceived. 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
|07 o8 o5 o4} 03] p2] o1] oo}

l— SPI Enable

0 Disable *
1 Enable

RxCharOverrun (S)

0 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 /O

C Enable
0 Enable

1 Disable *
RxCharAvail

0 Reset
1 Char. Avalil.

Clock Phase
0 Trans/Fall
1 Trans/Rise

1 Timer 0 Output

Master Slave
Slave
1 Master

(S) Used with Bit D7 equal to 0
(M) Used with Bit D7 equal to 1

* Default Setting After Reset.

Figure 13. SPI Control Register (SCON)
(Z286C06 Only)

If the associated IRQ3 is enabled, an interrupt is gener-
ated. Bit 5 controls the clock phase of the SPI. A 1in Bit5
allows for receiving data on the clock’s falling edge and
transmitting data on the clock’s rising edge. A O allows
receiving data on the clock's rising edge and transmitting
onthe clock’sfalling edge. The SPI clock source is defined
in bit 6. A 1 uses TimerO output for the SPI clock, and a0
uses TCLK for clocking the SPI. Finally, bit 7 determines
whether the SPlis used as a Master or a Slave. A 1 puts the
SPlinto Master mode and a0 puts the SPI into Slave mode.




Q205

286C03/C06 CMOS Z8° 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

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 shownin
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-
ruptis 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
I/O ports. Next, datais 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.

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 SP! 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 (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 D6 of
the SCON Register controls what source drives the SPI
clock. A Qin 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.

1-18
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Standard Serlal Setup
sS “
g sk A\
do A
di = 2
/ 4 \ A \ \
2585|8458 %° A %585||a%8°
Slave Slave Slave Slave
Standard Parallel Setup
ss1
852
S 83
g
sk
do
di fe I

\ y 4 \ A
2% 8°||8%587F PR R EE R
Slave Slave Slave Slave

Setup For Compare
S$S “
5 sk Iy
g, \
dif= 3¢
/ \ \ y \
I's 8 sﬁs'iﬁl P N PR
Slave Slave Slave Slave
(1) @ (255) (256)

Up to 256 slaves per SS line

Three Wire Compare Setup
§S ‘\
do 2
di [+ A
) 1 | \
2% 8 B%8S 2%58%8||a%8°®
Slave Slave Slave Slave

Multiple slaves may have the 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
interruptis generated and the RxCharAvail bitinthe SCON
Register is set. Bit 4 in the SCON Register is for enabling
or disabling the RxCharAvail interrupt. The RxCharAvail bit
is available forinterrupt 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

le

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

Tsk
a« AN\

f®
ss
Do
O)
Dl

Figure 15. SPI Timing (Z86C06 Only)
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r fe—> 5K
e m
Bit Counter SPI Compare Register (SCOMP) oo
SMR <—— /Interrupt o DI
Control
e e a—— Ss
— SPI Shift Register
SPI Receive Buffer (RXBUF)
SPI Control SPI
I Clock
¥
IRQ3 1 1

TCLK  SCLK+n

Figure 16. SPI Logic (286C06 Only)

PORT Configuration Register (PCON). The PCON con-
figures the ports individually for comparator outputon 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 (D0). Bit O controls the com-
parator used 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 I/O configuration.

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

Low EMI Port2(D5). Port 2is configured as a Low EMI Port
by resetting this bit (D5=0) or configured as a Standard
Port by setting D5=1. The default value is 1.

Low EMI Port 3 (D6). Port 3 is configured as a Low EMI Port
by resetting this bit (D6=0) or configured as a Standard
Port by setting D6=1. The default value is 1.

Low EMI 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 O configures the
oscillator with low noise drive, it does not affectthe relation-
ship of SCLK and XTAL.

PCON (F) 00
|o7] os] ps| p4] o3 o2 o1} Do}

I—- Comparator Output Port 3
0 P34, P35 Standard Output*
1 P34, P35 Comparator Qutput

Reserved (Must be 1)

0 Port 2 Low EMI
1 Port 2 Standard®

0 Port 3 Low EMI
1 Port 3 Standard*

Low EMI O or
0 Low EMI
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
levelor high levelis 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. AQin 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 0BH.

SMR (F) 0B
|o7] ps] ps| o4 a] p2] 01| Do]

I I— Reserved (Must be 0)
External Clock Divide Mode

0 = SCLK/TCLK = External/2*
1 = SCLK/TCLK = External/1

W Mode Hecovary Source
POR Only

001-100 Hssarved
101 P27

10 P2NOR 0:3
m P2 NOR 0:7

Stop Recovery Level
0 LowLevel *
1 High Level

Stop Flag
0 POR*

* Default setting after RESET 1 Stop Recovery

Figure 18a. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)

(Z86C03)

SMR (F) 0B
[o7| os] os| 04| ps] 02| 01] oo

L SCLK/TCLK Divide-by-16
0 OFF **
10N

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

Stop Mode Recovery Source
000 POR Only**

001 POR Only

010 P31

o1 P32

100 P33

101 P27

110 P2 NOR 0:3

m P2NOR 0:7

Stop Dela:
08?=F y
10N"

Stop Recovery Level
0 LowLlevel *
1 High Level

Stop Flag
0 POR*
1 Stop Recovery

Notes:
* Default setting after RESET.
** Default setting after RESET and STOP-Mode Recovery.

Figure 18b. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)
(Z286C06)

SCLK/TCLK Divide-by-16 Select (D0)}—2Z86C06 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 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,
helps further lower EMI [i.e., D7 (PCON)=0, D1 (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 O 0 POR recovery only
0 0 1 POR recovery only (CO3 = Reserved)
o 1 0 P31 transition (CO3 = Reserved)
o 1 P32 transition (CO3 = Reserved)
1 0 0 P33 transition (CO3 = Reserved)
1 0 1 P27 transition
1 1 0 Logical NOR of Port 2 bits 0:3
1 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
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 D4 D3 D2

ister settings. If SPI Compare is used to wake up the part
from STOP Mode, itis 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 D6 in SMR set to 0 if P31, P32, P33, and P27 selected,
orbit D6in SMR setto 1 if logical NOR of Port 2 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 bitis 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. AQ
indicates low level recovery. The default is 0 on POR
(Figure 19).

Cold or Warm Start (D7). This bitis set by the device upon
entering STOP Mode. It is active High, and is O (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.

000
SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
VDD 1.0 1 110 11 1
P20 P20
1
P27 1
P23 p27
To POR
D RESET
Stop Mode Recovery Edge
Select (SMR)

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

SMR D4 D3 D2
0 00

0 0 1 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SPI
01 0 1.0 0 1.0 1 1.1 0 11 1
VDD 0 1 1
P20 P20
P31* 1
P32 P33* P27 ]
P23 P27
To POR
RESET
1 D
Stop Mode Recovery Edge
Select (SMR) To P33 Data
— Latch and IRQ1
MUX -
P33 From Pads
Digital/Analog Mode
Select (P3M)

*Note: P31, P32 and P33 are not in Analog Mode.

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

Watch-Dog Timer Mode Register (WDTMR). 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 instruction and refreshed on subse-
quent executions of the WDT instruction. The WDT cannot
be disabled after it has been initially enabled. The WDT
circuit is driven by an on-board RC oscillator or external
oscillator from XTAL1 pin. The POR clock source is se-
lected with bit 4 of the WDTMR register.

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

Bits 0 and 1 control atap circuit that determines the timeout
period (on Z86C06 only). Bit 2 determines whether the
WDT is active during HALT and bit 3 determines WDT
activity during STOP. If bits 3 and 4 of this register are both
setto 1, the WDT 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). Note: This
registeris accessible only during the first 64 processor
cycles (128 XTAL clocks) from the execution of the first
instruction after Power-On Reset, Waich-Dog Reset or
aSTOP Mode Recovery (Figure 21). After this point, the

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
|o7| ps| os| o4 ] o3} o2 b1 0o}

_r-_ WDTTAPt INTRCOSC XJALCLK
00 5 512TpC
o1* 15* 1024 TpC
10 25 2048 TpC
1 100 8192 TpC
WDT During HALT
0 OFF
1 ON™
WDT During STOP
0 OFF
1 ON*

XTAL1/INT RC Select for WDT
0 On-Board RC *

1 XTAL

Reserved (Must be 0)

* Default setting after RESET
1 Must be 01 for Z86C03

Figure 20. Watch-Dog Timer Mode Register
(Write Only)
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4 Clock
Filter * Clear 18Clock RESET o o
CLK Generator
Internal
RESET
Mo > ™~ Wbt AP seLecT |
CLK Source
Select D=
(WDTMR)
XTAL > M S5msPOR  5ms 15ms 25ms 100ms
u Gk WDT/POR Counter Chain
Internal X CLR
RC
OSC.

2V Operating
Vce Voltage Det.
2V REF

From Stop

Mode
Recovery > [:

Source 12 ns Glitch Filter

WDT >

Stop Delay

Select (SMR) 7

* Not available on the Z86C03, WDT fixed at 15 ms/1024TpC in the Z86C03.

Figure 21. Resets and WDT
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FUNCTIONAL DESCRIPTION (Continued)

WDT Time Select (D1, DO). Bits 0 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 D1 are 1 and O, 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 Internal RC OSC XTAL Clock
0 0 5 ms min 256TpC
0 1 15 ms min 512TpC
1 0 25 ms min 1024TpC
1 1 100 ms min 4096TpC
Notes:

TpC = XTAL clock cycle

The default on resetis 15ms, DO = 1and D1 = 0.

See Figures 53 to 56 for details.

The values given are for V, = 5.0V.

For the Z86C03, the WDT time-out value is fixed at 1024 TpC (depending
on WDTMR bit D4) period. When writing to the WDTMR in the Z86C03, bit
DO must be 1 and D1 must be 0.

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. 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 D3 and D4 are both setto 1,
the WDT only, is driven by the external clock during STOP
mode.

Clock Source for WDT (D4). This bit determines which
oscillator source is usedto clock the internal PORand WDT
counter chain. If the bitis a 1, the internal RC oscillator is
bypassed and the POR and WDT clock source is driven
from the external pin, XTAL1. The default configuration of
this bit is 0, which selects the internal RC oscillator.

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

V. Voitage Comparator. An on-board Voltage Compara-
tor checks that V. is at the required level to ensure correct
operation of the device. Reset is globally driven if V is
below the specified voltage (typically 2.1V).
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Low Voltage Protection (V,,). The Low Voltage Protec-
tion trip point (V) will be less than 3 volts and above 1.4
volts under the following conditions.

Maximum (V,,) Conditions:

Case1: T, = -40° to +105°C, Internal Clock (SCLK)

Frequency equal or less than 1 MHz

Case 2: T, =-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)

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,, )
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).

OBH bit D1.
Vee

W) 34

3.2

3.0

2.8 \

™

2.6 \
Vyy (Typical)
24 N
22 \\
N
2.0

-60  -40 -20 0 20

40 60 80 100 120 140
Temperature (°C)

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

Symbol Description Min Max Units
Vee Supply Voltage* -03 +7.0 \"
\/ Max Input Voltage™* 12 \
Tsre Storage Temp -85 +150 °C
T, Oper Ambient Temp 1 °C
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 pA maximum.

1 See Ordering Information

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 notimplied. Exposure to
absolute maximum rating conditions for extended periods
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).

A

Figure 23. Test Load Configuration

CAPACITANCE
T,=25° C,V,, =GND =0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input Capacitance 0 12 pF
Output Capacitance 0 20 pF
I/O Capacitance 0 25 pF

V.. SPECIFICATION
Vge = 3.0V to 5.5V
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DC ELECTRICAL CHARACTERISTICS

Z86C03/C06
T,=0°C T,=-40°C
Ve to +70°C to +105°C Typical
Symbol Parameter Note [3] Min  Max Min Max @25°C Units Conditions Notes
Veu Clock Input High 3.0v 09V, V403 09V, V,+03 2.4 v Driven by External
Voltage Clock Generator
5.5V 09V, V,+03 09V, V,+03 3.9 v Driven by External
Clock Generator
Ve, Clock Input Low 3.0V V03 02V, V03 02V, 16 v Driven by External
Voltage Clock Generator
5.5V V03 02V, V03 02V, 27 v Driven by External
Clock Generator
Vi Input High Voltage 3.0V 0.7V, V+0.3 07V, V03 1.8 v
5.5V 07V, Vi +03 07Vy, V+03 2.8 v
A Input Low Voltage 3.0v V03 02V, V03 02V, 1.0 v
5.5V V03 02V, V03 02V, 1.5 v
Vou Output High Voltage 3.0V V04 V04 31 Vv = -2.0MA [10]
5.5V V0.4 V04 48 v o =20 mA [10]
Vou Output Low Voltage 3.0V 08 0.8 0.2 v lo, =+40 mA [10]
5.5V 0.4 04 0.1 v lo, =+40 mA [10]
Voo Output Low Voltage 3.0V 1.0 1.0 0.4 Vv lo, =+6MA, [10]
3 Pin Max
55V 1.0 1.0 0.5 v lo, =+12mA, [10]
3 Pin Max
Vs Comparator Input 3.V 25 25 10 mv
Offset Voltage 5.5V 25 25 10 mv
Vien Input Common 3.0V oV V10 L) e B (7
Mode Voltage Range 5.5V o Vv oV Vv 7
b Input Leakage 3.0v -1.0 1.0 -1.0 1.0 pA V=0V, V.
(Input bias current 5.5V -0 10 -0 10 pA =0V, Ve
of comparator)
o, Output Leakage 3.ov -1.0 1.0 -1.0 1.0 pA V=0V, V.
5.5V -1.0 1.0 -1.0 1.0 pA V=0V, Ve
[ Supply Current v 8.0 A @32 kHz [13]
3.0v 6 6 30 mA  @8MH: [4,5,10]
5.5V 11.0 1.0 6.0 mA  @8MHz [4,5,10]
3.0v 80 8.0 45 mA  @12MHz [4510,11]
5.5V 15 15 9.0 mA  @12MHz [4510,11]
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DC ELECTRICAL CHARACTERISTICS

Z86C03/C06
T,=0° T,=—-40°C
Ve to +70°C fo +105°C Typlcal
Symbol Parameter Note[3] Min Max Min Max @25°C \Units Conditions Notes
lect Standby Current 3.V 30 3.0 13 mA  HALTModeV, =0V,  [4,510]
V@ 8 MHz
5.5V 5 5 30 mA  HALT ModeV, =0V, [4,5,10]
V@8 MH:
3.0V 45 45 20 mA HALT ModeV, =0V, [4,5,1011]
V@12 MHZ
5.5V 70 7.0 40 mA HALT ModeV, =0V, [4,510,11]
Vi @ 12 MHz
3.0v 14 1.4 07 mA  Clock Divide-by-16 [4,5,10]
@8 MHz
55V 35 35 20 mA  Clock Divide-by-16 [4,5,10]
@8 MHz
3.0v 20 20 1.0 mA  Clock Divide-by-16  [4, 5,10,11]
@12 MHz
5.5V 45 45 25 mA  Clock Divide-by-16  [4,5,10,11]
@12 MHz
leca Standby Current 3.0v 10 20 1.0 pA  STOP ModeV, =0V, [6,9]
Vo WOT is not Running
5.5V 10 20 30 pA  STOP Mode V= ov, [6,9]
V. WDT is not Running
3.0v 600 600 400 pA  STOPModeV, =0V, [6,9,12]
V. WDT is Running
55V 1000 1000 800 pA  STOPModeV, =0V, [6,9,12]
Vo WDT is Running
ha Auto Latch Low 3.0v 70 14.0 40 PA OV<V, <V,
Current
5.5V 200 30.0 10 B OV<V, <V,
ln Auto Latch High 3.0v -4,0 -8.0 =20 WA OVeV, <V,
Current 5.5V -90 -16.0 50 PA OVeV <V
Vy V. Low Voltage 150 295 12 295 21 V. 2MHzmax Ext. CLK Freq. (3
Protection Voltage
Notes:
11 o Typ  Max  Unit Freq [7] For analog comparator inputs when analog
Clock Driven on XTAL 0.3 5.0 mA 8 MHz comparators are enabled.
Crystal or Ceramic Resonator 3.0 50 mA 8 MHz [8] Excludes clock pins.
[2] V& =0V=GND [9] Clock must be forced Low when XTAL1 is clock-driven
[3] Vg =3.0Vto5.5V. The V,, increases as the temperature and XTALZ is floating.
decreases. Typical values measured at 3.3V and 5.0V. [10] STD mode (not low EMI mode).
[4] Al outputs unloaded, I/O pins floating, inputs at rail. [11] Z86CO6 only
[51 C,=C,=100pF [12] Internal RC is WDT clock source.
[6] Same as note [4] except inputs at V. [13] C,,=100pF, C , = 220 pF
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Clock _\_/ ﬁ IZ
220
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Tin
R
RQ |,
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o

®

Clock
Setup
en

Source X );(

! —®

Figure 24. Additional Timing

AC ELECTRICAL CHARACTERISTICS
(SCLK/TCLK = EXTERNAL/2)

T,=0°C 10 +70°C T, =—40°C to +105°C

Ve 8 MHz!"  12MHz"™  8MHz™  12MHz™!
No Symbol Parameter Note [3] Min Max Min Max Min Max Min Max Units Notes
1 TpC Input Clock Period 3.0V 125 DC 8 DC 125 DC 8 DC ns [1,n
5.5V 125 DC 83 DC 125 DC 83 DC ns [
2 TCTiC Clock Input Rise 3.0V 25 15 25 15 ns [1.71
and Fall Times 5.5V 25 15 25 15 ns [1.7]
3 wC Input Clock Width 3.0V 62 4 62 H ns [1.7
5.5V 62 41 62 Lyl 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)
T,=0°C to +70°C T, =-40°C to +105°C
Ve 8 MHZ" 12 MHZ'™ 8 MHZ"™ 12 MHzZ™
No Symbol Parameter Note [3] Min Max Min Max Min Max Min Max Units Notes
6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC 1,7
5.5V 8TpC 8TpC 8TpC 8TpC 1,71
7 TrTin, Timer Input Rise 3.0v 100 100 100 100 ns [1,71
TtTin and Fall Timer
5.5V 100 100 100 100 ns nn
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 TwH Int. Request Input 3.ov 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 Twit Watch-Dog Timer 3.0V 15 15 12 12 ms D0=01[56,12]
Refresh Time
5.5V 5 5 3 3 ms D1=05,6,12]
3.0v 30 30 25 25 ms D0 =15,6]
5.5V 16 16 12 12 ms D1=01[5,6]
3.V 60 60 50 50 ms D0=01[56,12]
5.5V 25 25 30 30 ms D1=11[56.12]
3.0v 250 250 200 200 ms D0=1[5,6,12]
5.5V 120 120 100 100 ms D1=1[56,12]
13 T Power-On Reset 3.0v 7 24 6 25 13 ms
5.5V 3 13 2 14 7 ms
Notes:

il

[2)
3]
[4]
(5]
[6}
71
(8]

[9]

[10] SMR-D5 = 1, STOP-Mode Recovery delay is on.
[11] Z86C03 = 8 MHz; Z86C06 = 12 MHz.

Timing Reference uses 0.7 V., for a logic 1
and 0.2V, for a logic 0.

Interrupt request via Port 3 (P31-P33).

oo = 3.0Vt0 5.5V.

SMR-D5 = 0.

WDTMR Register

Internal RC Oscillator only.
SMRD1=0.

Maximum frequency for internal system clock is 4 MHz when using
SCLK = EXTERNAL clock mode.
For RC and LC oscillator and for clock-driven oscillator.

[12] Z86C06 only.
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AC ELECTRICAL CHARACTERISTICS

Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = EXTERNAL)

,=0°C10470°C T, =-40°C to +105°C

Ve 4 MHz 4 MHz
No Symbol Parameter Note [6] Min Max Min Max Units  Notes
1 TpC Input Clock Period 3.0V 250 DC 250 DC ns 1,78
5.5V 250 DC 250 DC ns [1,78]
2 TiCTIC Clock Input Rise and Fall Times 3.0v 25 25 ns [1,7.8]
5.5V 25 25 ns [1,78]
3 TwC Input Clock Width 3.0v 125 125 ns 1,781
5.5V 125 125 ns [1,78]
4 TwTinL Timer Input Low Width 3.0v 100 100 ns [1,78]
5.5V 70 70 ns [1,7.8]
5  TwTinH Timer Input High Width 3.0V 3TpC 31pC [1,78]
5.5V 31pC 3TpC [1,78]
6 TpTin Timer Input Period 3.0V 4TpC 4TpC [1,7.8]
55V 4TpC 4TpC [1,7.8]
7 TrTin, Timer input Rise & Fall Timer 3.0v 100 100 ns [1,7.8]
TfTin 5.5V 100 100 ns [1,78]
8 TwiL Int. Request Low Time 3.ov 100 100 ns [1,2,7.8]
5.5V 70 70 ns [1,78]
9 TwH int. Request Input High Time 3.0V 3TpC 31pC [1,27.8]
5.5V 3TpC 2TpC [1,2,7,8]
10 Twsm STOP-Mode Recovery Width Spec 3.0V 12 12 ns [4,8]
55V 12 12 ns [4,8]
11 Tost Oscillator Startup Time 3.V 5TpC 5TpC (3,891
55V 5TpC 5TpC [3,8,9]

Notes:

[1] Timing Reference uses 0.7 V. for alogic 1 and 0.2V for a logic 0.

[2] Interrupt request via Port 3 (P33-P31).

[3] SMR-D5 =0.

[4] SMR-D5 = 1, POR STOP mode delay is on.

[5] Reg. WDTMR.

[6] V., =3.0Vto5.5V.

[71SMRD1=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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EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B
|o7] pe] 0] 4] D3] D2] 1] DO

L—  SCLK/TCLK Divide-by-16 (CO6)t
?gff“ o-by-16 (CO6)

External Clock Divide Mode
0 SCLK/TCLK = Externali2*
1 SCLK/TCLK = External/t

Stop Mode Recovery Source
000 POR Only *

110 P2 NOR 0:3
111 P2NOR0:7

St Delay
FF
ON *

Stop R y Level
0 LowLevel *
1 High Level

Stop Flag
0 POR*

1 Stop Recovery
* Default setting after RESET.

* Default uﬁve\g after STOP-Mode Recovery and RESET.
1; C03 Reservi 805 Bone must be 0. i

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

WDTMR (F) OF
|o7] o8| os] 4] D3] o2 D1] 0}
_L WDT TAPH INTRC 0SC XTALCLK
00 512TpC
o1 15 * 1024 TpC
10 25 2048 TpC
1 100 8192 TpC
WDT During HALT
0 OFF
1 ON*
WDT During STOP
0 OFF
1 ON*
b —— XTAL1/INT RC Select for WDT
0 On-Board RC *
1 XTAL
Reserved (Must be 0)
* Default setting after Rl

1 For C06; OOBMUStBeDO:ﬂ D1=0

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

PCON (F) 00
EECEEECE]
l— Comparator

Output PORT 3
0 P34, P35 Standard Output*
1 P34, P35 Comparator Output
Reserved (Must Be 1)
Low EMI PORT 2
0 Low EMI Noise
1 Standard *

Low EMI PORT 3
0 Low EMI Noise
1 Standard *

Low EMI Oscillator
0 Low EMI Noise
1 Standard *

* Default Setting After Reset.

Figure 27. PORT Control Register
(Write Only)

SCON (€) 02
o7 ] oe] os] o¢] oo o2 ] o] oo}

l— SP!I Enable

0 Disable *
1 Enable

RxCharOverrun (S)
0 Reset
1 Overrun

CLK Divide (M)
TOLK2

11 TCLK/16

DO SPI Port Enable (S)
0 SPi DO Port Enabled
1 DO Portto VO

[ Enable
0 Enable

1 Disable *
RxCharA

0 Reset

1 Char. Avall.

Clock Phase
0 Trans/Fall
1 Trans/Rise

CLK Source

0 TCLK

1 Timer 0 Qutput
Master Slave

0 Slave

1 Master

(S) Used with Bit D7 equal to 0
(M) Used with Bit D7 equal to 1

* Default Setting After Reset.

Figure 28. SPI Control Register
(Z86C06 Only)
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SCOMP (C) 00

| 07| o8] os] 04| p3] p2] 1] oo}

Figure 29. SPI Compare Register
(Z86C06 Only)

RxBUFF (C) 01

| 07| o] ps| ps| o3| o2] o1] Do}

Figure 30. SPI Receive Buffer
(286C06 Only)

Z8 CONTROL REGISTER DIAGRAMS

R240
[orToeToe o [osToe o o]
I—-——— Reserved
Figure 31. Reserved
R241 TMR

FEEEEER

=

0 No Function (C06 only) *
1 Load Ty

0 Disable T 5 Count (C08 only) *
1 Enable TgCount
0 No Function

1 LoadT 4

0

1

Disable T 4 Count
Enable T4Count

Tin Modes
00 External Clock Input
01 Gate Input
10 Trigger Input
(Non-retriggerable)
11 Trigger Input
(Retriggerable)

Tour Mode

00 Not Used

01 ToOUT (CO06 only)
10 T{OUT

11 Internal Clock Out

* Must be O for 286C03.

Figure 32. Timer Mode Register
(F1,;: Read/Write)

R242 T1
oo o =[o ]
L———— Ty Initial Value

(When Written)
(Range 1-256 Decimal
01-00 HEX)

T4 Current Value
(When READ)

Figure 33. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1
Jo7|os] s[04 ]3]z o1 |0}

L— Count Mode

0 T Single Pass

1 T1 Modulo-N

Clock Source

1 T4qlnternal

0 T4External Tlming Input

(Tv ) M

Pi Modulo
(Range 1-64 Decimal
01-00 HEX)

Figure 34. Prescaler 1 Register
(F3,: Write Only)

R244 TO
EEr =]
I‘———_— To Initial Value

To Current Value
(When READ)

Figure 35. Counter/Timer 0 Register
(F4,: Read/Write; Z86C06 Only)

FeEEER]
L e

0 Ty Single Pass
1 TgModulo N
X

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

Figure 36. Prescaler 0 Register
(F5,: Write Only; Z86C06 Only)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R246 P2M R249 IPR
Jo7 | pe]os | pa| o3| b2 o1 oo [o7] pe] os] o4] ps] p2] o1] o]
I—_—— P2 - P2q V/O Definition I l
0 7Deﬂnes Bitas OUTPUT oo Rgsr:xp;:nomy
1 Defines Bit as INPUT 001 C>A>B
010 A>B>C
011 A>C>B
Figure 37. Port 2 Mode Register :8(') g>g>:
- >B>
(F6,: Write Only) 110 B>A>C
111 Reserved
———— ray, IRQ4Prlomy(GroupC)
R247 PaM 0 IRQ1 >
1 |no4>|no1
|o7] pe] ps| 04] 3] p2] o1 Do ] " 1RG0, IRQZ Priatty (Group B)
1 IRQO > IRQ2
I— 0 Port2 Open Drain IRQ3, IRQS Priority (GroupA)
1 Port2 Push-pull 0 IRQS5 > IRQ3
Port3 Inputs 1 IRQ3 > IRQS5
0 Digltal Mode . d (Must be 0)
1 Analog Mode

Reserved (Must be 0) Figure 40. Interrupt Priority Register

(F9,: Write Only)
Figure 38. Port 3 Mode Register
(F7,;: Write Only)
R250 IRQ

R248 POIM |o7] o] os| b4} 03] D2 o1] Do ]
pD7] 6| D5| D4| D3| D2] D1{ DO IRQO = P32 Input
{o7] oe[ os| 04| o3| p2] 1] 0] |

IRQ1 = P33 Input
I IRQ2 = P31 Input
Reserved (Must be 0) IRQ3 = Software Controlled

Reserved (Must be 1) :%; :;(1) (C03 Software only)
Reserved (Must be 0) Inter Edge
00 P31l P32l
01 P3td P327T
10 P31 T P32!
Figure 39. Port 0 and 1 Mode Register 1 P31 TLP32TL

(F8,;: Write Only)

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




A0

286C03/C06 CMOS 28° 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

R251 IMR
|o7| o6] ps| p4] o3| o2 o1] 00 |

1

IRQ5-IRQO
(D =IRQO)

Reserved (Must be 0)
1

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

R252 Flags

FEER==]=]

| |-— User Flag F1
User Flag F2
Half Carry Flag

Decimal Adjust Flag
Overfiow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 43. Flag Register
(FC,;: Read/Write)

EEEREERE

|— Expanded Register File Pointer

Working Register Pointer

Figure 44. Register Pointer
(FD,;: Read/Write)

Jo7]os]ps]o4]os]p2]o1 o]

Figure 45. General Purpose Register
(FE,: Read/Write)

EEERERRE

L—'——'— Stack Pointer Lower

Byte (SPg - SP7)

Figure 46. Stack Pointer
(FF,;: Read/Write)
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Z86C03/C06 CMOS Z8* 8-Bir CCP™
_@ 2LaB CONSUMER CONTROLLER PROCESSORS

DEVICE CHARACTERISTICS

Culir;:; 12 . lec at 5V

10

6 lcc at 3.3V
lec1 at 5V

X

/ lec1 at 5V
4 / ; " ] (scukavicea by 16)
—— |1 lec1 at 3.3V
/
2 A — —— —— Icctataav
] — 1 1— (SCLK dvided by 16)
0 Note: XTAL is divided by 2
0 2 4 6 8 10 12 14 16
Frequency (MH2)
Figure 47. Typical I vs Frequency
Vee 20
(Volts)
B
1.0
A
C
D
0.0
-60 -40  -20 0 20 40 60 80 100 120 130
Temperature (°C)

Legend:

A = Vil at Vee = 3.3V
B = Vil at Vee = 5.5V
C = Vol at Vcc = 3.0V
D = Voil at Ve = 5.5V

Figure 48. Typical V,, V, vs Temperature
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286C03/C06 CMOS Zg® 8-BiT CCP™

CONSUMER CONTROLLER PROCESSORS
Vee
(Volts)
6.0
VOH at Vee 5.5V
50
40
30 VIH at Vee = 5.5V
VOH at Vce 3.0V
20
VIH at Ve = 3.0V
1.0

Note: STD Mode
(Not Low EMI Mode)

-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)

Figure 49. Typical V,,, V,, vs Temperature
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Z86C03/C06 CMOS Z6® 8-Bir CCP™
QZ“.@ CONSUMER CONTROLLER PROCESSORS

DEVICE CHARACTERISTICS (Continued)

Von (Volts)
0 0 1.0 20 3.0 40 5.0 6.0 70 80
Vee = 5.0v
Vee =3.0V Vee = 6.5V
-1.0
-2.0
-3.0
-4.0
-56.0 /
-6.0 /
-7.0 / V
-8.0 7
A B] C D EFGHI
ToH
(ma) -9.0
Note: STD Mode
Legend: (Not Low EMI Mode)
A=125C F=-55°C
B=25°C G=125°C
C=-55°C H=25°C
D=125°C |1=-55°C
E=25°C

Figure 50. Typical V,, vs |, Over Temperature




286C03/C06 CMOS Z8° 8-Brr CCP™

2 CONSUMER CONTROLLER PROCESSORS
1 24.0
('“%'; 22,0
00 A B cD
/7
160 [/
14.0 / / / /
12.0 r Va ,/ E
100 / . (/
50 / /A F
60 Y/ / —
40 //,/
0
02 04 06 08 1.0 12 14 16 18
VoL (Volts)
Legend: Note: STD Mode
(Not Low EMI Mode)
A =-55°C e \/CC = 5.5V
B=25°C Vee = 3.0V
C=125°C
D =-55°C
E =25°C
F=125°C

Figure 51. Typical |, vs V,, Over Temperature

1-41



Z86C03/C05 CMOS Z8° 8-BT CCP™
N 205 CONSUMER CONTROLLER PROCESSORS

DEVICE CHARACTERISTICS (Continued)

Time 220
(ms)
20.0 / ry
18.0 o
/
16.0 // B
14.0 . / ~
120 /// /‘/ = i
1 « D
10.0 P — //// E
. L~ g L~ ¢
e i
L / /
6.0 "/’47/’/ | "
=
4.0
2.0
0
60  -40 20 0 20 40 60 80 100 120 140
Temperature (°C)
Legend:

Note: Using internal RC.

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

Figure 52. Typical Power-On Reset Time vs Temperature
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286C03/C06 CMOS Z6° 8-Brr CCP™
PROCESSORS

=z CONSUMER CONTROLLER
Time 45.0
(ms)
40.0
/ A
35.0 ]
/ ol
B
30.0 / ,/
/ / / c
250 /4 — ="
1 / " — D
/ V
20.0 —— =t — ]
P / / F
1.0 /I // -1
] / /
10.0
5.0
)
60 40 20 0 20 40 60 80 100 120 140
Temperature (°C)
Legend: Note: Using intemal RC.
s-\\;cc=g.g¥’ D - Vec = 4.5V
- vee = 3. E - Vcc = 5.0V
C-Vec=40V  F.yoc=55v

Figure 53. Typical 5 ms WDT Setting vs Temperature (Z86C06 Only)




Z86C03/C06 CMOS Zg® 8-Brr CCP™

@ 2ILas CONSUMER CONTROLLER PROCESSORS
DEVICE CHARACTERISTICS (Continued)
Time 85
(ms) Legend:
80 A-Vce = 3.0V
y A B - Vce = 3.5V
75 7 C-Vee=4.0V
/ D-Veec=4.5V
70 » E - Vcc = 5.0V
/ F-Voc =55V
65 %
60 // 48
/ L
55 / /
50 LA / €
AT g
45 / / D
40 £—
/

35

30

25

20

15

10

5

0

i
=

MNAN

=0

NN

AT -

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

Temperature (°C)
Note: Using intemal RC.

Figure 54. Typical 15 ms WDT Setting vs Temperature
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286C03/C06 CMOS Z8* 8-Bir CCP™

0“ 2iLai5 CONSUMER CONTROLLER PROCESSORS
Time 170
(ms) Legend:
160 / A e-\\;cc=3.0\\ll
-Vec =35
150 C-Vee =4.0V
/ D-Vee = 4.5V
p E - Vee = 5.0V
10 v F-Voc =55V
130 ,/
B
120 /,
10 _ =
L~ O
90 /,///,// 5
80 ~ /4; -
70 ‘ // -
A ped
60 r / / Prea
5 A~
4 /
40 7
30
20
10
0
60 -40 -20 20 40 60 80 100 120 140

Temperature (°C)
Note: Using intemal RC.

Figure 55. Typical 25 ms WDT Setting vs Temperature (Z86C06 Only)
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A 205

286C03/C06 CMOS 28° 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

DEVICE CHARACTERISTICS (Continued)

Time
(ms)

700

300

250

200

150

100

Legend:
A-Vce =3.0V
A B-Vcc =35V
C-Veec=4.0V
/ D-Vcc=4.5V
E - Vee = 5.0V
F-Vcc =55V
/ B
/)/ /'/
// /c
1 1~ '// DL
// /// e
1 F
J /7 /' /V
"/ .
C .
Ll
60 -40 -20 O 20 40 60 80 100 120 140

Temperature (°C)
Note: Using intemal RC.

Figure 56. Typical 100 ms WDT Setting vs Temperature (Z86C06 Only)
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286C03/C06 CMOS Zg® 8-Brr CCP™
PROCESSORS

@ 2iLas CONSUMER CONTROLLER
4 100000
3
50000
g
g
o
&
~ 1
10000
T \
[~
5000 RN N
N
\ \\
1000 \ \\\
N
500 < \\
N \
&\‘
AN
100
NI
50 \
BN
10 -
A
\ A
5
! 1 5 10 50 100 500 1000 5000 10000
Legend Resistance (kOhms)
A- Vce = 5.0V C =33 pF Note: STD Mode (not Low EMI Mode).
B-Vcc=3.3V C=33pF

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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Z86C03/C06 CMOS 28° 8-Bir CCP™
@ZILCIE CONSUMER CONTROLLER PROCESSORS

DEVICE CHARACTERISTICS (Continued)

g 10000
5000

1000

Frequency

44/

\-——D

[

(V] 50 100 150 200 250
Capacitance (pF)
Note: Notin Low EMI Mode

Legend:

A -Vee=5.0V R=22KOhms
B -Vee =5.0V R=56 KOhms
C-Vec=5.0V R=100 KOhms
D-Vec=50V R=1MOhms
C-Vec=5.0V R=4 M Ohms

Figure 58. Typical RC Resistance/Capacitance vs Frequency
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Z86C03/C06 CMOS Z8® 8-Bir CCP™
CONSUMER CONTROLLER PROCESSORS
I 2
(uA) Legend:
A-Vcc =3.0V
b B-Vcec =4.5V
'\ C-Voe =5.0V
10 N o D-Vec =5.5V
AL
ANIREE 1
T A
5 ——
v ! ||
v !
0 U R Z Volts
‘f-’T/// M
1]
5 .~
-10
-15
20

1V 2v 3v 4v 5V 6V v
25°C

Figure 59. Auto Latch Characteristics
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Q205

Z86C03/C06 CMOS Z8® 8-Brr CCP™
CONSUMER CONTROLLER PROCESSORS

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

Irr Indirect working-register pair only

X Indexed address

DA Direct address

RA Relative address

M 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 Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

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

Symbol Meaning

Carry flag

Zero flag

Sign flag

Overflow flag
Decimal-adjust flag
Half-carry flag

TO<WONO

Affected flags are indicated by:

0 Clear to zero

1 Set to one

* Set to clear according to operation
- Unaffected

X Undefined
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Z86C03/C06 CMOS Z8* 8-Bir CCP™

_@ = | Na CONSUMER CONTROLLER PROCESSORS
CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 Always True

0111 C Carry C=1

1111 NC No Carry C=0

0110 V4 Zero Z=1

1110 NZ Not Zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOvV No Overflow V=0

0110 EQ Equal Z=1

1110 NE Not Equal Z=0

1001 GE Greater Than or Equal (SXORV)=0

0001 LT Less than (SXORV)=1

1010 GT Greater Than [ZOR(SXORV)]=0

0010 LE Less Than or Equal [ZOR(SXORV)] =1

1111 UGE Unsigned Greater Than or Equal C=0

0111 ULT Unsigned Less Than C=1

1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1

0011 ULE Unsigned Less Than or Equal (COR2Z)=1

0000 F Never True (Always False) —
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Q205

286C03/C06 CMOS Z8° 8-Bir CCP™
CONSUMER CONTROLLER PROCESSORS

INSTRUCTION FORMATS

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

One-Byte Instructions

opc | mopE CLR, CPL, DA, DEC, OPC | MODE ADC, ADD, AND, CP,
asvse | on[1110 | asterc] POR Bl AU NLC, arc or[1110] o | [ORSSS U8
RR, RRC, SRA, SWAP dst oR] 1110 dst
OPC JP, CALL (Indirect)
dst or[1110] ast | OPC | MODE ADC, ADD, AND, CP,
dst or[1110] st | %_ghc?%é%,asus,
OPC SRP VALUE
VALUE -
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, src or|t1110] e
ast | s o oG SUB. TCM. det om[1110]| o
MODE | OPC LD, LDE, LDE], MODE | orPC LD
dstiarc | src/det LDC, LbCl dsvsrc | x
ADDRESS
dstsrc | OPC LD
sre/dst a:ll 1110 | Src I cc I OPC P
DAU
dt | OpC LD DAL
VALUE
OPC CALL
asticC | opc DUNZ, JR DAU
RA DAL
FFH STOPHALT
6FH | 7PH
Two-Byte Instructions Three-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 andthe result is stored in the destination location. The

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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286C03/C06 CMOS Z6°® 8-Bir CCP™

@ZiLCIE CONSUMER CONTROLLER PROCESSORS
INSTRUCTION SUMMARY (Continued)
Address Address
Instruction Mode Opcode  Flags Affected Instruction Mode  Opcode  Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byte(Hex) C Z S V DH
ADC dst, src 1 11 * % k %k 0 % INC dst r £ - ok ok ok - -
dste—dst + src +C dste—dst +1 r=0-F
R 20
ADD dst, src t 0] ¥ % % % 0 % IR 21
dste—dst + src
INCW dst RR A0 - %k %k 3k - -
AND dst, src t 501 - % % 0 - - dste—dst + 1 R A
dste—dst AND src
IRET BF * sk * %k
CALL dst DA D6 - - = = - - FLAGS—@SP:
SP&SP-2 IRR D4 SPSP +1 '
@SP«PC, PC@SP;
PCe—dst SPeSP+2;
CCF EF % - - - - - IMR(7)e1
CeNOTC JP cc, dst DA D - - - -
CLRdst R B0 - . . if cc is true, c=0-F
dste=0 R B1 PCe—dst IRR 30
COM dst R 60 —x k0 - - o S
dst<—NOT dst R 61 PCePC . st
CP dst, src t ALl % % % k - - Range: +127,-128
st -stc LD dst, src r m - - - -
DA dst R 40 * %k k X - - dste-src r R 18
dste—DA dst R 41 R r M9
r=0-F
DEC dst R 00 - % ¥ % - - roX c7
dste—dst - 1 R 01 X r D7
DECW dst RR 80 -k % % - - {r :' Eg
dst - 1 R 81
e R R E4
DI 8F - - - - - R R E5
IMR(7)e-0 R M E6
DJNZr, dst RA A - - - - - - RoME
IR R F5
rer-1 r=0-F
ifr#0 LDC dst, src r Ir G2 - - - - -
PC«PC + dst dste=src
Range: +127, 128 -
LDCI dst, src Ir Ir C3 - - - - -
El L dste-src
IMR(7)e1 rer+1;mem+1
HALT T - - - - - NOP FF - - - - -




286C03/C06 CMOS Z6* 8-Brr CCP™

@2".“5 CONSUMER CONTROLLER PROCESSORS
INSTRUCTION SUMMARY (Continued)
Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex)y C Z S V DH and Operation dst src Byte(Hexy C 2 S VDH
OR dst, src t 4] - %k %0 - - SUB dst, src t 2] % %k %k ok 1 %
dste—dst OR src dste—dst - src
POP dst R 50 - - - - - SWAP dst R FO X % % X - -
dst<@SP; IR 51 ) IR F1
SP«SP +1 [T ][5 9]
PUSH sr¢ R 70 - - - - - -
SP<SP-1; IR n TCM dst, src t 6 ] - %k %0 - -
@SP«src (NOT dst) AND src
RCF CF 0 ----- TM dst, src t 71 - %k %k 0 - -
Ce0 dst AND src
RET AF N WDT 5F - XXX - -
PC—@SP,
SPSP 1 XOR st s1c T Bl “x k0 - -
dste—dst XOR src
RL dst R 90 * ok ok k- - + These instructions have an identical set of addressing modes, which
] R 9 are encoded for brevity. The first opcode nibble is found in the instruction
set table above. The second nibble is expressed symbolicallybya [ T’
in this table, and its value is found in the following table to the left of the
RLC dst R 10 * %k k % - - applicable addressing mode pair.
= IR 1
[c] For example, the opcode of an ADC instruction using the addressing
modes r (destination) and Ir (source) is 13.
RR dst R EO * %k k k - -
IR B Address Mode Lower
dst src Opcode Nibble
RRC dst R Co * %k k %k - -
r r [2]
R
r I : [3]
SBC dst, src t 31 * k %k k 1 %
dste—dst-src~C R R [41
SCF DF 1 - - - -- R IR [5]
Ce1
SRA dsl R D0 ¥ % %0 - - RO M (6]
R 01 R M (71
el 7] o]
kx ‘
SRP dst Im 3 - - - - - -
RP¢src
STOP 6F 1 - - - - -

g



. 2860031006 CMOS Z8® G-BIT ccp™
@ZILCE CONSUMER CONTROLLER PROCESSORS
OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B . [+ D E F
6.5 6.5 6.5 6.5 105 105 10.5 10.5 6.5 65 [12/105]12/100) 65 }12.100] 65
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD LD LD DINZ | JR LD JP INC
R1 IR1 r,r2 | 1,2 | R2,R1|IR2,R1| R1,IM]IR1,IM] r1,R2 | r2,R1 | r1,RA J cc,RA| r1,IM | cc, DA 1
6.5 6.5 6.5 6.5 105 105 10.5 10.5
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 | r1,r2 | 11,2 | R2,R1]IR2,R1} R1, M | IR1, IM
6.5 6.5 6.5 6.5 105 105 105 10.5
2 INC INC SUB | SUB | SUB | SUB | SUB | SUB
R1 IR1 1,12 | r1,Ir2 | R2, R1}IR2, R1] R1, IM | IR1, M
8.0 6.1 6.5 6.5 105 10.5 105 10.5
3 JP SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR1 M | ri,r2 | r1,1r2 | R2, R1|IR2, R1| R1, M | IR1, M
85 85 6.5 6.5 105 106 10.5 10.5
4 DA DA OR OR OR OR OR OR
R1 IRt | r1,r2 | r1,r2 | R2, R1}IR2, R1| R1, IM | IR1, M
105 10.5 6.5 6.5 105 105 105 10.5 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND WDT
R1 IR1 r1,r2 | r1,r2 | R2, R1|IR2,R1| R1, IM | IR1, IM
6.5 6.5 6.5 6.5 10.5 105 105 10.5 6.0
6 COM | COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
* R1 IR1 | r1,r2 | r1,1r2 | R2, R1}IR2,R1| R1, M | IR1, M
i 10/12.1]12114.1] 65 65 | 105 | 105 | 105 | 105 7.0
® 7 |PUSH|PUSH| T™ ™ ™ ™ ™ ™ HALT
2 R2 R2 | r1,r2 | r1,r2 | R2, R1|IR2, R1| R1, IM | IR1, M
z 105 | 105 6.1
e 8 DECW | DECW DI
§ RR1 IR1
2 65 | 65 6.1
9 RL RL El
R1 IR1
105 10.5 6.5 6.5 105 10.5 105 10.5 140
A INCW | INCW | CP cP cP CP cP CcP RET
RR1 IR1 rt,r2 | r1,r2 | R2,R1}IR2, R1| R1,IM}IR1, M
65 6.5 6.5 6.5 105 105 105 105 16.0
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 R1 | r,r2 | r,r2 | R2,R1]IR2, R1| R1, M| IR1, M
6.5 6.5 120 18.0 10.5 6.5
[+ RRC | RRC | LDC | LDCI LD RCF
R1 IR1 | r1, 02 | ir, Irr2 r1x,R2
6.5 6.5 20.0 20.0 10.5 6.5
D SRA | SRA CALL* CALL LD SCF
R1 IR1 IRR1 DA |r2xA1
65 6.5 65 105 | 105 | 105 | 105 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,1R2 | R2,R1 [IR2, R1| R1, M | IR1, IM
85 8.5 6.5 105 6.0
F SWAP | SWAP LD LD NOP
R1 | R I, r2 R2, IR1 YIvYivVi(y b v Y
\ A
2 3 2 3 1
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
. Nibble . r = 4-bit address
Execution l Pipeline Ry or ry = Dstaddress
Cycles s Cycles R, or rp =Src address
Sequence:
Up::; Mnemonic Opcode, First Operand,
Nibble Second Operand
Note: The biank areas are reserved.
First Second * 2-byte instruction appears
Operand Operand as a 3-byte instruction
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A 2105

286C03/C06 CMOS Z8* 8-Brr CCP™

CONSUMER CONTROLLER PROCESSORS
PACKAGE INFORMATION
. . SympoL | MILLIMETER INCH
e e T MIN MAX MIN MAX
1 al o5t | ost 020 | .32
q El A2 325 | 343 | 128 [ 135
— | B 038 | 053 | o5 | o2t
i » B L4 | 165 | 045 | 065
c 923 | o3s [ 009 [ 015
» D 2235 2337 | 880 | 520
3 762 | 813 | 300 | 3a0
31 622 | 648 | 245 | 255
" 254 TYP 100 TYP
eA 7.87 8.89 310 .350
L 318 | 381 | 125 | as0
[ 152 | 165 | 060 | .065
s 089 | 165 | 035 | 065
- n r a r A2
! CONTROLLING DIMENSIONS : INCH
L
Al
s B
18-Pin DIP Package Diagram

BRAAARAAR

= hc4S*

ERELEELE

2-8*
o MILLIMETER INCH

— T r 1 SYMBOL Mon MAX | MIN MAX
alulnlil A A 240 | 265 | 094 | 104

? o Ot L} Al 0.10 030 004 012
e —‘ L Z a2 | 224 | 244 | 088 | 0%
2 a 3 SEATING PLANE B 036 | 046 | 014 | 018
c 023 | 030 | 009 | o012
D 1140 | 175 | 449 | 463
3 740 | 760 | 291 | 299

CONTROLLING DIMENSIONS : MM [ 127 TYP 050 _TYP
LEADS ARE COPLANAR VITHIN .004 H 1000 | 1065 | 394 | 419

h 0.30 0.40 Q012 016
L 0.60 1.00 024 039
[ 057 °| 107 038 | 042

18-Pin SOIC Package Diagram




. 286C03/C06 CMOS Z8° 8-BiT CCP™
@ p= | N a I CONSUMER CONTROLLER PROCESSORS

ORDERING INFORMATION
Z86C03 (8 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86C0308PSC Z86C0308SSC Z86C0308PEC Z86C0308SEC
Z86C06 (12 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86C0612PSC 286C0612SSC Z86C0612PEC Z86C0612SEC

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°Cto +70°C

Longer Lead Time
E = -40°C to +105°C

Speeds
08 = 8 MHz
12= 12 MHz

Environmental
C = Plastic Standard

Example:
Z 86C03 08 P S C is a Z86C03, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

l— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix
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ADVAANCE INFORMATION SPECIFICATION

Z86E03/E06

CMOS Z8® 8-BiT OTP CCP™
CONSUMER CONTROLLER PROCESSORS

FEATURES

B The Z86E03/E06 Devices Have the Following
General Characteristics:

Part ROM RAM Speed
Z86E03 512 bytes 60 8 MHz
Z86E06 1 Kbyte 124 12 MHz

| 18-Pin Package (DIP, SOIC)

B 3.0to05.5 Volt Operating Range

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

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

B Fast Instruction Pointer: 1.5 us @ 8 MHz (E03);
1.0 us @ 12 MHz (E06)

B Multiple Expanded Register File Control Registers
and Two SPI Registers (Z86E06 only)

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

W Six Vectored, Priority Interrupts from
Six Different Sources

B Permanent Watch-Dog Timer Option
B Power-On Reset Timer

B 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.

m  Serial Peripheral Interface (SPI) (Z86E06 Only)
B Software Programmable Low EMI Mode

® EPROM Protect Option

GENERAL DESCRIPTION

Zilog's Z86EO3/E06 OTP (One-Time Programmable) CCP™
(Consumer Controller Processors) are members of the Z8®
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 Z8 micro-
controller core. With 512 and 1K bytes of EPROM and 60
and 124 bytes of general-purpose RAM, respectively.
These low cost, low power consumption 18-pin CMOS
microcontrollers offer fast execution, efficient use of
memory, sophisticated interrupts, input/output bit manipu-
lation capabilities, and easy hardware/software system
expansion.

The Z8B6EO3/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 I/O circuits. The Z86EO3/E06 offers a flex-
ible 1/O scheme, an efficient register and address space
structure, and anumber of ancillary features that are useful
in many consumer, automotive, and industrial applica-
tions.

For applications demanding powerful I/O capabilities, the
ZB86EO3/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 |/O.
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ADVANCE INFORMATION

Z86E03/06 CMOS Z8® §-Bir OTP
CONSUMER CONTROLLER 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 I/O 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 SPl compare

meets the needs of a variety of sophisticated controller
applications.

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:

register in the Z86EQ6. Connection Circuit Device
With powerful peripheral features such as on-board com- Power Veo Voo
parators, counter/timer(s), Watch-Dog Timer (WDT), and Ground GND Ves
serial peripheral interface (E06 only), the Z86EO3/E06
Output  Input Vee GND XTAL
N N ;
Port 3 Ne— i Machine
q Timing & Inst.
Control
c°1/2t ;K WDT, POR
unter/ K AL h
Timers t v TT
FLAG
Interrupt A Prsgizl\Ae’En c))(ry
Control ~ IN— 8-Bit
Register ﬁ
Two Anal Pointer ]
woAnalog pA— n L__N] Program
Comparators N— Register File
= 60/124 x —v]  Counter
8-Bit
Serial *
Peripheral K*—
Interface N |
U 1 Z86E03 has one counter/timer.
* Serial Peripheral Interface for the Z86E06 only.
Port 2
110
(Bit Programmable)

Figure 1. Z86E03/E06 Functional Block Diagram
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N 2iLaB ADVANCE INFORMATION CONSUNER CONTROLLER PRorEsSoR
PIN DESCRIPTION
A Table 1. 18-Pin DIP and SOIC Pin Identification
P24 E 1 18 j P23 No Symbol Function Direction
P25 [ 2 17 [ P22 1-4 P24-27 Port 2, pins 4,5, 6,7 In/Output
P26 [] 3 16 | P21 5 Vg Power Supply
o ooz s oo 8 T2 SO o
vee [ 5 pgares 14 [ GND 810 P3133 Port3,pinsi,2 3 Fixed Input
xiae [16 o 13 [J P36 11-13 P34-36  Port3, pins 4,5, 6 Fixed Output
14 GND Ground
xmur [ 7 12 |1 Pas 15-18 P20-23 Port2,pins0,1,2,3  In/Output
P31 [ s 1n [ P34
P2 [] o 10 ] P33
Figure 2. 18-Pin DIP Pin Configuration
P24 [ ~ 18 ][] Pes
ps [ 11| 17 J[_] P22
P26 [ 6] ] Pzt
pz 11 z?rglos 15 1] P20
vee [ ]| Z86C06 4l ]ano
xtaz [ ] solc 13 [ _]Pse
xtaut [ 2 ]rss
pa1 [ | | J[_]Prss
P2 [ 10l ]rss

Figure 3. 18-Pin SOIC Pin Configuration
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ADVANCE INFORMATION

Z86E03/06 CMOS Z8° 8-BiT OTP
CONSUMER CONTROLLER PROCESSOR

PIN FUNCTIONS

XTALA1. 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 resonator, LC or RC
network to the on-chip oscillator output.

Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS
compatible I/O port. These eight I/O 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 (SP! on the Z86E06
only).

—

P27 jt—m™™m————p \

P26 |- >

P25 |————————

P24 |- >

Z86E06 >‘ Port 2 (//0)

P23 |- -

P22 |- >

P21 jt———————

P20 |t————————— J
Port 2

Open-Drain l
P21-P26 OF —'D’——— P21-P26
PAD
P21-P26 OUT
1.5« 2.3 Hysteresis @ Vg = 5.0V
P21-P26 IN {ll

I |
{ : Auto Latch
| |
| RA=500K Q I
L |

Figure 4a. Port 2 Configuration (Z86E06)

24
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N 2iLa5 ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
Open-Drain -
P20 OE JD_ |> L ) '
SPIEN — P20
l PAD
m
P20 IN
SPI DI
N 7
: : Auto Latch
| |
L R Az 500K Q _:
Open-Drain T
P27 OUT Standard L }4:
SPIDO SPI r P27
PAD
P27 OE Standard
SPI Active s g }t
SCON m
0 SPI DO Enable
I Io2] ] 1 P27 OUT
*SPI must be enabled with DO.
P27 IN {}
rrF——"—""~""""="7"""7"77] T
: : Auto Latch
| |
L R A2 500K Q J'

Figure 4b. Port 2 Configuration (Z86E06)
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PIN FUNCTIONS (Continued)

P27 (4t———————p \

P26 | t————————

P25 | >

P24 l———o
>- Port 2 (1/0)

Z86E03
R e ——
P2 |———
P21 [ >
P20 |————— .)
- Port 2
Open-Drain |
P20-P27 OE —-D———— P20-p27
PAD
P20-P27 OUT

1.5 < 2.3 Hysteresis @ Ve = 5.0V

Al

P20-P27 IN {l

F——————————— 9

‘ : Auto Latch
j :] |

Figure 4c. Port 2 Configuration (Z86E03)
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ADVANCE INFORMATION

Z86E03/E06 CMOS Z8° 8-Bir OTP
CONSUMER CONTROLLER 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,
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 D1). 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 T, 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 (T, ) and
P36 (Ty,)-

Inthe Z86EOB, 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 ————N
PSS l—
P34 |————
286C03/06 Port3
(/O or Control)
P33 |
P32 l¢——————
POl |l——
Port 3 /
R247 = P3M
1 =Analog
| o1 | o Digital
DIG.l
P31 (AN1) ) IRQ2, Ty, P31 Data Latch
’ + AN. |
— !
\
P32 (AN2) L_"l\.—-—o IRQO, P32 Data Laich
7 + ]
P33 (REF) i
> - :

From STOP-Mode Recovery
Source (Z86C06 only) |

“o———— IRQ1, P33 Data Latch

Figure 5a. Port 3 Configuration
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PIN FUNCTIONS (Continued)

SKIN

<l
\l

SPIEN
SPIMSTR P34
PAD
SPIEN —_—
SKOuUT
P34 OUT —\ MUX —
Pa1 _’__% "
REF
ss J\.crll
SPIEN
SPIMSTR D P35
PAD

P35 OUT T

P32

PCON
r I DOI 0 P34, P35 Standard Output

1 P34, P35 Comparator Output

Figure Sb. Port 3 Configuration (Z86E06)

Low EMIEmission. The Z86E03/E06 can be programmed
to operate in a low EMI emission mode in the PCON
register. The oscillator and all /O ports can be pro-
grammed as low EMI emission mode independently. Use
of this feature results in:

B The pre-drivers slew rate reduced to 10 ns (typical).
B LowEMIoutputdriversresistance of 200 ohms (typical).

B Low EMI oscillator.

B Internal SCLK/TCLK = XTAL 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.

2-8
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Z86E0I/EQS CMOS 28° 8-Br OTP
CONSUMER CONTROLLER PROCESSOR

FUNCTIONAL DESCRIPTION

RESET. The device is reset in one of the following condi-
tions:

m Power-On Reset

B Watch-Dog Timer

B STOP-Mode Recovery Source
B 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. Z86E03/E06 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.

EPROM Protect. The 512/1K 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 LDCI 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 LDCI instruc-
tions in all modes. ROM lookup tables are not sup-
ported in this mode.

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
input/output ports into the register address area. The Z8
register address space RO through R15is implemented as

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 the RP register select the working
register group (Figure 7). For the Z86EO3, three system
configuration registers reside in the ERF address space
Bank F. For the Z86EO6, three system configuration regis-
ters reside in the ERF address space Bank F, while three
SPiregisters 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 On-Chip
First Byte of EPROM
Instruction ~. fF~--==-=-=—= ===« =«
Executed 12
After RESET P
IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt iRas
Vector 6 IRQ3
(Lower Byte) \
5 ™w IRQ2
4 4
Interrupt / IRQ2
Vector ~3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 6. Program Memory Map

2-9
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FUNCTIONAL DESCRIPTION (Continued)

Z8 STANDARD CONTROL REGISTERS
RESET CONDITION

|p7|oe |bs| pe] p3] b2 D100 |

REGISTER
REGISTER POINTER FF SPL v ufuJujufulufu
PTeTsT <] sl 2] 1] 0] FE GPR vlufu]ufu]u]ulu
FD RP olofofofoJo]ofo
wéﬂ:g;‘;?m?' I Expanded Register FC FLAGS uf v v uu]ufufu
FB IMR ofufuju]ufuju]u
FA IRQ o]ofofjo]ofo]o]o
Fa IPR ululufufufu]ufu
F8 POTIM ulufufofufu]u]u
x| 7 PaM ulujujufujul]ofo
* | Fe P2M AR ERE
F5 Reserved
F4 Resarved
Z8 Reg. File 3 PRE1 ululufufulufol]e
FE F2 T ululu]ulujulu
FO F1 TMR olojojolojo]o]o
\ FO Reserved
Not Implemented EXPANDED REG. GROUP (F)
{’ REGISTER RESET CONDITION
* | (PoF WDTMR ulululol 11 ]o]n
" (F) OE Reserved
(F) 0D Reserved
(F) 0C Reserved
* | (Fos SMR ololi1]ofojofolt
(F) 0A Reserved
(F) 09 Reserved
(F) o8 Reserved
(F) 07 Reserved
oF (F)o8 Reserved
o0 (F) 05 Reserved
(F) 04 Reserved
(F) 03 Reserved
(F) 02 Reserved
(F) 01 Reserved
(F) 00 PCON 11l 1]u]ufufufo
EXPANDED REG. GROUP (0)
Notes: REGISTER RESET CONDITION
pawer-uﬁ,aﬁd—t;ey‘irenotacr:angsd aﬂerarzes;. |_(0)03 P3 i juuiule
*Will not be reset with a STOP-Mode Recovery. ()02 F2 vlulufulufululuy
U = Unknown ©01 Reserved vjujulululululu
1 = Reserved (0)00 Reserved ujujujujujujuju

Figure 7a. Expanded Register File Architecture (Z86E03)
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Z8 STANDARD CONTROL REGISTERS

RESET CONDITION
ID7IDelDSIDAI Dal[m |Do|

REGISTER
REGISTER POINTER = = SToToToToTo o S
L7|e|5|4]3|2|1[o| FE GPR vjujujujuju]u]u
Registor FD RP ojojojojojofo]o
Qrous Fotar | IE’%“ES“E Pointer ko FLAGS oul u[ulu]ululu
FB IMR oJujujujujulu]u
FA IRQ ojoJojolojojojo
Fo IPR vfulujufu]ufu]u
F8 POIM vjujujo]ujujuju
* ] F7 P3M ufujujujujul]o}o
* ) F6 P2M MEIRE RN EA R
F5 PREO ufujujujujujuifo
F4 T0 ujufujujufufuju
28 Reg. File Fa PRE1 ufulu]u]ufulo]o
FF F2 Tt ulujulujulufulu
i 5 F1 T™MR ojo]Jojojojojo]o
Fo Reserved
__ Notimplemented
. . / EXPANDED REG. GROUP (F)
. . REGISTER RESET CONDITION
— L « | (PAoF WDTMR ulu]ulol1]1 o]
(F) OE Reserved
(F) 0D Reserved
(F) 0C Reserved
** | (F)0B SMR ojofijojolofolo
(F) 0A Reserved
(F) 09 Reserved
(F) 08 Reserved
oF (F) 07 Reserved
00 (F) 06 Reserved
(F) 05 Reserved
(F) 04 Reserved
(F) 03 Reserved
(F) 02 Reserved
(F) 01 Reserved
(F) 00 PCON 1l1j1jujujujujo
EXPANDED REG. GROUP (C)
REGISTER RESET CONDITION
(C) 02 SCON vlujululojo
©)o1 RxBUF vjulujujulu
(C) 00 SCOMP ojojojojojojo
Notes: EXPANDED REG. GROUP (0)
pump g are d after REGISTER RESET CONDITION
power-up, and they are not changed after reset. 0o o T T 1lolvlvlt
*Will not be reset with a STOP-Mode Recovery
** Will not be reset with a STOP-Mode Recovery, except Bit DO. |_(0)02 P2 UJUIVIUjUJuUIULY
U = Unknown (001 Reserved viujulululujulu
1 = Reserved (0) 00 Reserved vjujujujujujuju

Figure 7b. Expanded Register File Architecture (Z86E06)
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@Zﬂ_m ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
FUNCTIONAL DESCRIPTION (Continued)
R253 RP dress 00 to 7F (see Figure 9). The instructions can access

for[oefos o4 oo oz ot oo

e Expanded Register Group

g Register Group

Note: Default Setting After Reset = 00000000

Figure 8. Register Pointer Register

Register File. The Register File consists of two I/O port
registers, 60/124 general-purpose registers, and 13/15
control and status registers. The Z86EO3 General-Pur-
pose Register file ranges from address 00 to 3F while the
Z86E06 General-Purpose Register file ranges from ad-

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.

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
occursinthe V. voltage-specified operatingrange. 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.

-.....».{ I ry g s T4 I rg fp 14 'OJR253
The upper nibble of the register file address
O——— provided by the register pointer specifies
the active working-register group
7F
== Z86C06 Only
70
6F
L - Z86C06 Only
60
5F
|- 286C06 Only
50
4F
- 286C06 Only The lower nibble
40 of the register
3F N file address
. Sgeciﬁ?d Vélorlang ~——} provided by the
2 egister Group instruction points
oF to the specified
L e register
20
1F
- Register Group 1 R15to RO
10
OF Register Group 0 .
L 80 o TJ ristors
00 1/O Ports T rs to mo

* Expanded Register Group (0) Is selected
In this figure by handling bits D3 to DO as
"0" in Register R253 (RP).

Figure 9. Register Pointer
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286E03/E0S CMOS Z8* 8-Brr OTP
CONSUMER CONTROLLER PROCESSOR

Counter/Timers. There are two 8-bit programmable
counterftimers (TO-T1), each driven by its own 6-bit pro-
grammable prescaler (Z86E03 only has T1). The T1

osc

D1 (SMR) ;i

+2 Internal Data Bus
1 Write l L wrte o u T ﬂ
. PREO * TO* TO*
R
DO (SMR) Initial Value Initial Value Current Value
Register Register Register
Iy Iy ]
6-Bit * 8-bit * |
=1 4" e Down -ﬂ Down
—> Internal Counter Counter - |RQ4/SPI*
Clock
Y
+2 f—— Tour
External Clock ‘ P36
Clock
Logic
6-Bit 8-Bit » |RQ5
»] +4 Down - Down |
\ Counter Counter —j
Internal Clock TT Tr
Gated Clock PRE1 T T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
T 1
N P3 Write ' Tt Write-4 ﬂ\ nead4 ll

* Avallable only in the Z86C06

Internal Data Bus

Figure 10. Counter/Timer Block Diagram

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

FUNCTIONAL DESCRIPTION (Continued)

The 6-bit prescalers divide the input frequency of the clock
source by any integer number from 1to 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
(T0O) 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 thatcan beretriggerable or non-retriggerable,
or as a gate input for the internal clock. Port 3, line P36
serves as atimeroutput(T, ;) 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 (EO6 only). The T, mode is enabled by setting PRE1
bit D1 (R243) to 0.

Interrupts. The Z86EO3/EO6 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).

IRQ0 IRQ2

IRQ1, 3,4,5 ; ‘

Interrupt
Edge
Select

4—— |RQ (D6, D7)

1Al

DY

IMR
L)%
/
Global IPR
Interrupt
Enable lL
Interrupt - PRIORITY <
Request LOGIC -

U

Vector Select

Figure 11. Interrupt Block Diagram
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Table 2. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQ O IRQO 0,1 External (P32), Rising/Falling Edge Triggered
IRQ 1 IRQ 1 2,3 External (P33), Falling Edge Triggered
IRQ 2 IRQ2,T, 4,5 External (P31), Rising/Falling Edge Triggered
IRQ 3 IRQ 3 6,7 Software Generated, SPI Receive
IRQ 4 TO/IRQ 4 8,9 Internal for EO6 and Software Generated for E03
IRQ 5 Tl 10, 11 Internal

Note:

When enabled, the SPI receive interrupt is mapped to IRQ3 in the Z86E0S.

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 subsequentinterrupts, saves the
Program Counter and Status Flags, and then branches to
the program memory vector location reserved for that
interrupt. All ZB6EO3/EQ6 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 polied interrupt systems, interrupt in-
puts are masked and the interrupt request register is
polled to determine which of the interrupt requests need
service. Inthe ZB6E06, when the SPlis disabled, IRQ3 has
no hardware source but can be invoked by software (write
to IRQ3 Register). When the SPlis enabled, aninterrupt will
be mapped to IRQ3 after a byte of data has beenreceived
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 D7 and D6. The
configuration is shown in Table 3.

Table 3. IRQ Register

IRQ Interrupt Edge
D7 D6 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
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FUNCTIONAL DESCRIPTION (Continued)

Clock. The Z86EQ3/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
(XTAL1 = 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 XTAL1 and XTAL2
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

XTAL2 | XTAL2

Ceramic Resonator or LC
Crystal C1,C2=22pF
C1,C2=47pFTYP* .
F =8 MHz L=130 uH
F =3 MHz

* Preliminary Value Including Pin Parasitics

The RC oscillator option is EPROM-programmable, to be
selected by the customer at the time the Z8 is EPROM
programmed. The RC oscillator configuration must be an
external resistor connected from XTAL1 to XTAL2, with a
frequency-setting capacitor from XTAL1 to ground (Figure
12).

In addition, a special feature has been incorporated into
the Z86EO3/E06; in low EMI noise mode (bit 7 of PCON
register=0) with the RC option selected, the oscillator is
targeted to consume considerately less |, current at
frequencies of 10 kHz or less.

XTAL1 XTAL1
T
XTAL2 XTAL2
RC External Clock
@ 5V Vee (TYP)
C1 =33pF*
R = 1kQ*
F=9.5 MHz

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 V. 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:

B Power-Fail to Power-OK Status
W STOP-Mode Recovery (If D5 of SMR=1)

B WDT Time-out

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 externalinterrupts 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 WDT time-out, POR, SPI compare; or SMR recovery.
This causes the processor to restart the application pro-
gram at address 000C (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.

Inorderto enter STOP or HALT mode, itis necessary tofirst
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

Serial Peripheral Interface (SPI}—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 whenitis 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. 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)isaread/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 I/O function. Ifa 1is
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
outone bitfor 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
| o7] oe] os] p4] ps| b2 o1] oo}
|_ SPI Enable

0 Disable *
1 Enable

RxCharOverrun (S)
0 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 Portto /O

C Enable
0 Enable

1 Disable *
RxCharAvail

0 Reset
1 Char. Avail.

Clock Phase

0 Trans/Fall

1 Trans/Rise
CLK Source

0 TCLK

1 Timer 0 Output

Master Slave
0 Slave
1 Master

(S) Used with Bit D7 equal to 0
(M) Used with Bit D7 equal to 1

* Default Setting After Reset.

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 1in Bit5
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
onthe clock’s falling edge. The SPI clock source is defined
in bit 6. A 1 uses TimerO output for the SPI clock, and a0
uses TCLK for clocking the SPI. Finally, bit 7 determines
whether the SPlis used as a Master or a Slave. A 1 puts the
SPlinto Master mode and a 0 puts the SP! 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 shownin
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 bitis 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/O ports. Next, dataistransferred 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.

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 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
an SMR.

SPI Clock (Z86E06 only). The SPI clock maybe driven by
three sources: Timer0, 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 clockif 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
§S “
§ sk A\
do A
di .
A y \ \ \
3% 8°||g858° R %8S |a¥E 8T
Slave Slave Slave Slave

Standard Parallel Setup

ss1
582
83
ss4
sk
do
di e

\ \ \ y 4 A Yy
gﬁg% 2%8° 2%8© ! 8%
Slave Slave Slave Slave

Setup For Compare

S8 J‘
B o N
2 4 A\
di A
r vy iy vvly ) \
2% 8°|ls%58° 3 %85| |5 8%
Slave Slave Slave Slave
(1) @) (255) (256)
Up to 256 slaves per SS line
Three Wire Compare Setup
§§ “
g sk 1
do —\-
di S
A vy A \
] 388 2%88)|g% 8"
Slave Slave Slave Slave

Multiple slaves may have the same address.

Figure 14. SPI System Configuration (Z86E06 Only)
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FUNCTIONAL DESCRIPTION (Continued)

Receive Character Available and Overrun (Z86E06
Only). When a complete data stream is received, an
interruptis generated and the RxCharAvail bitin 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 isreset 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

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
Tsk

o« N/ \

Figure 15. SPI Timing (Z86E06 Only)
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J SK
l——. | o m
Bit Counter SPI Compare Register (SCOMP) oot
SMR <—— /Interrupt I ° — DI
Control ‘—I
— P N—— sS
— SPI Shift Register
SPI Receive Buffer (RXBUF)
SPI Control ‘ SPI
I Clock
Y
IRQ3 1 1

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 (D0). Bit O 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 I/O configuration.

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

Low EMI Port2(D5). Port 2is configured as a Low EMI Port
by resetting this bit (D5=0) or configured as a Standard
Port by setting D5=1. The default value is 1.

Low EMI Port 3(D6). Port 3is configured as a Low EMI Port
by resetting this bit (D6=0) or configured as a Standard
Port by setting D6=1. The default value is 1.

Low EMI 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, it does not affect the relation-
ship of SCLK and XTAL.

PCON (F) 00
|o7] o] o5 o4] p3] p2] 1] Do}

I—- Comparator Output Port 3
0 P34, P35 Standard Output*
1 P34, P35 Comparator Output

Reserved (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 Low EMI
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 levelisrequired fromthe 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. AQin 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 0BH.

SMR (F) 0B
|o7] pe] os] 04] o3 p2| p1] Do}

; L—— Reserved (Must be 0)
External Clock Divide Mode

0 = SCLK/TCLK = External/2*
1 = SCLK/TCLK = External/1

3:0? Mode Recovery Source
POR Only *

001-100 Reserved

101 P27

110 P2 NOR 0:3

m P2 NOR 0:7

Stop Dela
OO%F Y
1ON*

Stop Recovery Level
0 LowLevel *
1 High Level

Stop Flag
0 POR*

* Detault setting after RESET.
1 Stop Recovery

Figure 18a. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)
(Z86E03)

SMR (F) 0B
|o7] os] 05| p4] b3 p2| o1] oo

L—  ScLITCLK Divide-by-16
0OFF *
10N
External Clock Divide Mode

0 = SCLK/TCLK = External/2"
1 = SCLK/TCLK = External/1

Stop Mode Recovery Source
Oo%p POR Only*

001 POR Only

010 P31

[2}] P32

100 P33

101 P27

10 P2 NOR 0:3
11 P2 NOR 0:7
Stop Dela)

0 O%F Y

10N*

Stop Recovery Level
0 LowLevel*
1 High Levl
Stop Flag
0 POR*
* Default setting after RESET 1 Stop Recovery
* Default setting after RESET, and STOP-Mode Recovary.

Figure 18b. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)
(Z86E06)

SCLK/TCLK Divide-by-16 Select (D0)—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 (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 (D1=1). Using this bit, together with D7 of PCON,
helps further lower EMI [i.e., D7 (PCON)=0, D1 (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 O 0 POR recovery only
0 O 1 POR recovery only (EO3 = Reserved)
0o 1 0 P31 transition (EO3 = Reserved)
o 1 1 P32 transition (EO3 = Reserved)
1 0 0 P33 transition (EO3 = Reserved)
1 0 1 P27 transition
1 1 0 Logical NOR of Port 2 bits 0:3
1 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
SPl is enabled and the Compare feature is active, a SMR
is generated upon a comparison in the SPI Shift Register
and SCOMP Register, regardiess of the above SMR Reg-

ister settings. If SPI Compare is used to wake up the part
from STOP Mode, itis 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 D6 in SMR set to 0 if P31, P32, P33, and P27 selected,
orbitD6in SMR setto 1if logical NOR of Port 2is 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 bitis 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. AD
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 O (cold) on
POR/MWDT RESET. This bit is Read Only. A 1 in this bit
(warm) indicates that the device awakens by a SMR
source.

SMR D4 D3 D2
000
SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
VoD 1.0 1 110 111
P20 P20
1
P27 !
P23 P27
To POR
): RESET
Stop Mode Recovery Edge
Select (SMR)

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

SMR D4 D3 D2
000

001 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SPI
01 0 100 10 1 11 0 11 1
VDD 01 1
P20 P20
P31* 1
P32 P33* P27 [
P23 P27
To POR
RESET
1 :
Stop Mode Recovery Edge
Select (SMR) To P33 Data
a— Latch and IRQ1
MUX -
P33 From Pads
]
Digital/Analog Mode
Select (P3M)

*Note: P31, P32 and P33 are not in Analog Mode.

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

Watch-Dog Timer Mode Register (WDTMR). 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 instruction and refreshed on subse-
quent executions of the WDT instruction. The WDT cannot
be disabled after it has been initially enabled. The WDT
circuit is driven by an on-board RC oscillator or external
oscillator from XTAL1 pin. The POR clock source is se-
lected with bit 4 of the WDTMR register.

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

BitsOand 1 control a tap circuit that determines the timeout
period (on Z86EO6 only). Bit 2 determines whether the
WDT is active during HALT and bit 3 determines WDT
activity during STOP. If bits 3 and 4 of this register are both
setto 1, the WDT 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 regis-

ter 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.

WDTMR (F) OF

|o7| o8| os| o4] p3] o2 o1} Do

_ WDTTAPt INTRCOSC XTALCLK
00 5 512TpC
o1* 15" 1024 TpC
10 25 2048 T,

1" 100 8192 TpC
WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT
0 On-Board RC*

1 XTAL

Reserved (Must be 0)

* Default setting after RESET
t Must be 01 for Z86E03

Figure 20. Watch-Dog Timer Mode Register
(Write Only)
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4 Clock
Filter * Clear 18Clock RESET oo
CLK Generator *
Internal
RESET
W(?ATDST?::;; > [ Wb AP sELECT |
CLK Source
Select >
(WDTMR)
XTAL ) M 5ms POR Sms 15ms 25ms 100ms
ol 1CK WDT/POR Counter Chain
Internal X CLR
RC
0SC.
2V Operating
Vee Voltage Det.
2V REF |
From Stop : =
Mode 1
Recovery > [j
Source 45 s Glitch Filter
WDT )
Stop Delay
Select (SMR)

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

Figure 21. Resets and WDT
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FUNCTIONAL DESCRIPTION (Continued)

WDT Time Select (D1,D0). Bits 0 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 D1 are 1 and 0, respectively. These select bits
are present in the Z86EOG only.

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

Time-Out of Time-Out of
D1 DO Internal RC OSC XTAL Clock
0 0 5 ms min 256TpC
0 1 15 ms min 512TpC
1 0 25 ms min 1024TpC
1 1 100 ms min 4096TpC
Notes:

TpC = XTAL clock cycle
The default on reset is 15 ms, DO = 1 and D1 =0.
The values given are for V, = 5.0V

For the Z86E03, the WDT time-out value s fixed at 1024 TpC (depending
on WDTMR bit D4) period. When writing to the WDTMR in the Z86E03, bit
DO must be 1 and D1 must be 0.

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. 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 D3 and D4 are both set to 1,
the WDT 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 PORand 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, XTAL1. The default configuration of
this bit is 0, which selects the internal RC oscillator.

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

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

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

Maximum (V,,) Conditions:
Case1: T, = —40° to +105°C, Internal Clock (SCLK)
Frequency equal or less than 1 MHz

Case 2: T, =-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 D1.

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 Protectiontrip point (V)
is reached, for the temperatures and operating frequen-
cies in cases 1 and 2 above. The actual low voltage trip
pointis a function of temperature and process parameters
(Figure 22).
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Temperature (°C)

Note: * The typical minimum operating Vcc voltage at that frequency.

Figure 22. Typical Z86E03/E06 V,, Voltage vs Temperature
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SPECIAL FUNCTIONS
EPROM Mode

Besides V,,, and GND (V), the Z86E03/EQG changes all
its pin functions in the EPROM mode. XTAL2 has no
function, XTAL1 functions as /CE, P31 functions as /OE,
P32 functions as EPM, P33 functions as V,,, and P02
functions as /PGM.

EPROM Protect. ROM protect is EPROM-programmable.
Itis 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. through a diode to V., to
prevent accidentally entering the OTP mode. The V,,
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 Vep EPM ICE /OE /PGM ADDR DATA Vo'
EPROM READ1 X v, A v, V,, ADDR  Out 45V
EPROM READ2 X v, V, A v, ADDR  Out 55V
PROGRAM v, X V, V,, v, ADDR In 6.0V
PROGRAM VERIFY v, X A A Vi, ADDR  Out 6.0V
EPROM PROTECT v, v, v, v, A NU NU 6.0V
PERMANENT WDT ENABLED v, vV, A v, v, NU NU 6.0V
GLOBAL AUTO LATCH DISABLED ~ V,, v, v, A vV, NU NU 60V
RC OSCILLATOR A v, v, Via v, NU NU 6.0V
Notes:

In EPROM Mode, all Z8 inputs are TTL inputs.

V,, = 125V+0.5V

V,, = As per specific Z8 DC specification.

V., = As per specific Z8 DC specification.

X = Notused, but must be setto V,,, V,,, or V, level.

NU = Not used, but must be set to either V,, or V, level.
|, during programming = 40 mA maximum.

loc during programming, verify, or read = 40 mA maximum.
* V¢ has a tolerance of £0.25V.
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N2as ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR

Internal Address Counter. The address of Z86E03/EQ6 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 Z86EO3/E06 programming algorithm.

Table 8. Timing of Programming Waveforms

Parameters Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 us
3 V., Setup 2 us
4 V. Setup Time 2 us
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 /OE Setup Time 2 us
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 us
13 /PGM Setup Time 2 us
14 Address to /OE Setup Time 2 us
15 Option Program Pulse Width 78 ms
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N2iLa5 ADVANCE INFORMATION CONSUMER CONTHOLLER PROCESSOR
SPECIAL FUNCTIONS (Continued)
EPROM Mode
g
PO1 = Clock
@
)
P00 = Clear j
Internal |
Aacess X X
Vih P 0Min

Data Vil Invalid X Valid X !nvalidX ValidX

Legend:

T1 Reset Clock Width

T2 Input Clock High

T3 Input Clock Period

T4 Input Clock Low

T5 Clock to Address Counter Out Delay

30 ns Min
30 ns Min
70 ns Min
30 ns Min
15 ns Max

Figure 23. Z86E03/E06 Address Counter Waveform
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@Zil_m ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
VIH
Address VIL X Address Stable X Address Stable X
VIH 0 Min -
Data VIL Invalid xi Valid x Invalid XVaIid X
VH ~ @

e / \

VH {
EPM !
VIL
5.5V ¢
—> e
vee @ /_ J
4.5V
VIH
N
ICE
VIL \ ';__/_-
¥
VIH — OMin |4 v

JOE o
VIL
VH ¢
4.
/PGM
viL ’-—\_

@k

Figure 24. Z86E03/E07 Programming Waveform
(EPROM Read)
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SPECIAL FUNCTIONS (Continued)
EPROM Mode

VH

Address
8

Address Stable x

{

D

Data Stable

(4
VP
v '-\_
W (4
EPM
VL / r\__

vcC

ICE !N
VL

/OE

/PGM
w
6

i1

VIH

Data

ls

[AVIAY,

N

j¢——eee—— Program Cycle jé— Verify Cycle ———

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

Address
VIH

D
ata ViL X

VH
VH

Vpp

6V

Vee

|

/CE
ViH

VIH
ViL

/0E

VH

EPM i
Vi

VIH
/PGM viL

|

EPROM Protect Permanent Auto Latch RC
WDT Disabled Oscillator

Figure 26. Z86E03/E06 Programming Waveform
(EPROM Protect and Low EMI Program)
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Z86E03/06 CMOS Z8° 8-Br OTP
CONSUMER

CONTROLLER PROCESSOR

SPECIAL FUNCTIONS (Continued)
EPROM Mode

of Vec=6.0V

Addr =
First Location

Y

Vpp = 12.5V

1

N=0

Y

Program

Increment
Address

Note:

= To ensure proper operations during the spec.,
Zilog recommends verification over the
Vg range of the device V¢ spec.

1 ms Pulse

1

Increment N

Prog. One Pulse

3xN ms Duration

No
Last Addr ?
Yes

Vee = Vpp=4.5V

*

Vee = Vpp =5.5V

erity All Fail
Bytes
Pass
*

Qevlca

Verify All
Bytes,

Pass

Device Passed

Figure 27. Z86E03/E06 Programming Algorithm
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ABSOLUTE MAXIMUM RATINGS

Symbol Description Min Max Units
Vo Supply Voltage* -03 +70 \"
Vi Max Input Voltage™™ 12 \
Tera Storage Temp -65 +150 °C
T, Oper Ambient Temp T °C
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 pA maximum.

1 See Qrdering Information

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 notimplied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

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

If 150 pF

Figure 28. Test Load Configuration

CAPACITANCE
T,=25° C, V., = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input Capacitance 0 12 pF
Output Capacitance 0 20 pF
1/0 Capacitance 0 25 pF

V.. SPECIFICATION
Vg = 3.0V 10 5.5V
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DC ELECTRICAL CHARACTERISTICS

Z86E03/E06
T,=0°C T,=-40°C
Ve, to +70°C t0+105°C  Typical
Symbol Parameter Note [3] Min  Max Min  Max @25°C Units Conditions Notes
Vo Clock Input High 33v 09V, Vi +03 09V, V03 24 v Driven by External
Voltage Clock Generator
5.0v 09V, Vi +03 09V, V0.3 39 v Driven by External
Clock Generator
Vo Clock Input Low 3.3V V03 02V, V03 02V, 1.6 v Driven by External
Voltage Clock Generator
5.0V V03 02V, V03 02V, 2.7 v Driven by External
Clock Generator
v, Input High Voltage 3.3V 0.7V, Vi+0.3 0.7V, V403 18 v
5.0v 07V, V+03 0.7V, V03 28 v
Vi Input Low Voltage 3.3V V03 02V, V03 02V, 1.0 v
5.0v V03 02V, V03 02V 15 v
Vou Output High Voltage 3.3V V04 V04 31 v lg=-20mA (10]
5.0V V04 V0.4 48 v oy =-2.0 MA (10]
Vou Output Low Voltage 3.3V 08 08 02 v o, =+4.0 MA na
5.0v 04 04 0.1 v lo, =+40 mA [10]
Vo Output Low Voltage 3.3V 1.0 1.0 04 v lo, =+6mA, [0
3Pin Max
5.0V 1.0 1.0 05 v o, =+12 mA, (0]
3 Pin Max
Vorser.  Gomparator Input 3.3V 0 0 15 mv
Offset Voltage 5.0v #0 +0 15 mv
Viea Input Common 3.3V oV V10v 0V V,-15v 7
Mode Voltage Range 5.0V oV Vi 1.0v oV V—15v (7
L Input Leakage 3.3v -10 10 -10 10 PA V=0V, Vv,
5.0V -0 10 -10 10 pA w=0V. Ve
o, Output Leakage 3.3v -0 10 -0 10 PA V=0V, v,
5.0V -0 10 -0 10 A =0V, Vi
lec Supply Current 3.3v 6 6 30 mA  @8MH: [4512]
5.0V 1.0 1.0 6.0 mA  @8MH: [4512]
3.3V 8.0 8.0 45 mA  @12MHz  [451013]
5.0v 15 15 9.0 mA  @12MHz  [4510,13]
los Input Bias Current 3.3V 300 300 nA [71
5.0v 300 300 nA [
Ly Input Offset Current 3.3V +150 +150 nA [7
5.0v +150 +150 nA (7
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[2]
f3]

[4]
(8]
[6]

Vg = OV = GND

Vee = 3.0V to 5.5V. The V,, increases as the temperature
decreases. Typical values measured at 3.3V and 5.0V.
All outputs unloaded, I/O pins fioating, inputs at rail.

C,=C,=100pF

Same as note [4] except inputs at V.

N 2iLan ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
T,=0°% T,=-40°C
Ve to +70°C to +105°C Typical
Symbol Parameter Note [3] Min Max Min Max @25°C Units Conditions Notes
Vos P36 5.0V 1.0 10 Vol =24mA
lect Standby Current 3.3V 3.0 30 13 mA  HALT Mode V, =0V, [4,512]
V@ 8 MHz
5.0v 5 5 30 mA  HALT Mode V,, =0V, [4,512)
V@8 MHz
3.3V 45 45 20 mA  HALT Mode V,,= 0V, [45,13]
Ve @12 MHz
5.0V 7.0 70 40 mA  HALT Mode V,,= OV, [4,5,13]
Ve, @12 MHz
3.3V 14 14 07 mA  Clock Divide-by-16 [4,512]
@8 MHz
5.0V 35 35 20 mA  Clock Divide-by-16 [4,512]
@8 MHz
3.3V 2.0 2.0 1.0 mA  Clock Divide-by-16 [4,5,13]
@12 MHz
5.0V 45 45 25 mA  Clock Divide-by-16 {4,513]
@12MH:z
5.0V 1.0 1.0 mA  HALTMode @ 12kHz [4,5,11,13]
leco Standby Current 3.0V 10 20 1.0 pA  STOPModeV,=0V, [6,9]
V WDT is not Running
5.0v 10 20 30 pA  STOP Mode V,, =0V, [6,9]
V. WDT is not Running
3.3v 600 600 400 pA  STOPModeV, =0V, [6,9,12]
V. WDT is Running
5.0v 1000 1000 800 pA  STOP Mode V, =0V, [6,9,12]
Ve WDT is Running
l Auto Latch Low 3.3V 70 14.0 40 A OV<V, <V
Current
5.0V 200 30.0 10 PA - OV<V, <V
lw Auto Latch High 3.V -40 -80 =20 PA V<V, <V,
Current 5.0v -9.0 -16.0 5.0 PA OV<V, <V
Toon Power-On Reset 33V 7 24 6 25 13 ms
5.0v 3 13 2 14 7 ms
Vi V. Low Voltage 22 28 1.7 30 2.6 V6 MHz max int. CLK Freg. [3l
Protection Voltage
Notes:
R} Typ Max  Unit Freq [7]1 For analog comparator inputs when analog
Clock Driven on XTAL 03 50 mA  8MHz comparators are enabled.
Crystal or Ceramic Resonator 3.0 50 mA 8 MHz [8] Excludes clock pins.

[9] Clock must be forced Low when XTAL1 is clock-driven
and XTAL2 is floating.
[10] STD mode (not low EMI mode).

[11] Low EMI Oscillator enabled.

[12] Z8BEO3 only.
[13] Z86EOS6 only.
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N 2iLa5 ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
AC ELECTRICAL CHARACTERISTICS
Z86E03/E06

Clock

p
IRQ N .\
\&,
Clock ‘
Setup M
()
W

Source )js ?(

o,
(1)

Figure 29. Additional Timing

AC ELECTRICAL CHARACTERISTICS
(SCLK/TCLK = EXTERNAL/2)

T, =0°C To +70°C T, =-40°C To +105°C

Vee 8 MHz!"  12MHz"™  §MHz"™ 12 MHz™
No Symbol Parameter Note[3] Min Max Min Max Min Max Min Max Units Notes
1 TpC Input Clock Period 3ov 125 DC 83 DC 125 DC 83 DC s [1,7.8]
55V 125 DC 8 DC 125 DC 83 DC ns  [1,78]
2 TrCTIC Clock Input Rise 3ov 25 15 25 15 ns 1,78
and Fall Times 55V 25 15 25 15 ns  [1,78]
3 TwC Input Clock Width 3ov 62 4 62 4 ns [1,7,8]
55V 62 41 62 4 ns  [1.7.8]
4 TwTinL Timer Input Low Width 3.0V 100 100 100 100 ns 1,78
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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_@ZILCB ADVANCE INFORMATION

AC ELECTRICAL CHARACTERISTICS (Continued)
(SCLK/TCLK = EXTERNAL/2)

T,=0°CT0 +70°C T, =-40°C TO +105°C

Ve 8 MHZ"™! 12 MHZ"™  § MHZ'" 12 MHZ™
No Symbol Parameter Note[3] Min Max Min Max Min Max Min Max Units Notes
6 TpTin Timer Input Period 3.ov 8TpC 8TpC 8TpC 8TpC 1,78
5.5V 8TpC 8TpC 8TpC 8TpC [1,7.8]
7 Trin, 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 Twl Int. Request Input 3.0V 100 100 100 100 ns [1,2,7.8]
Low Time
5.5V 70 70 70 70 ns [1278]
9 TwH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC 1,278
High Time
5.5V 5TpC 5TpC 5TpC 5TpC [1278]
10 Twsm STOP Mode Recovery 3.0v 12 12 12 12 [1,810]
Width Spec
5.5V 12 12 12 12 [18,10]
11 Tost Oscillator Startup Time 3.0V 5TpC 5TpC 5TpC 51pC ns [1,34,9]
5.5V 5TpC 5TpC 5TpC 5TpC ns [1,34,9]
12 Twdt Watch-Dog Timer
Refresh Time 3.0V 15 15 12 12 ms D0=01[56]
5.5V 5 5 3 3 ms D1=01[56]
3.0V 30 30 25 25 ms D0 =11[5,6]
5.5V 16 16 12 12 ms D1=01(56]
3.0V 60 60 50 50 ms D0=01(5,6]
5.5V 25 25 30 30 ms D1=1[56]
3.0V 250 250 200 200 ms D0=11[56]
5.5V 120 120 100 100 ms D1=1[56]

Notes:

[1] Timing Reference uses 0.7 V. for a logic 1
and 0.2 Vg for a logic 0.

[2] Interrupt request via Port 3 (P31-P33).

[8] Vg =3.0Vto5.5V.

[4] SMR-D5 = 0, POR delay is off.

[5] WDTMR Register

[6] Internal RC Oscillator only.

[7] SMRD1 =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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AC ELECTRICAL CHARACTERISTICS
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = EXTERNAL)

T,=0°C10+70°C T, =-40°C to +105°C

Vee 4 MHz 4 MHz
No Symbol  Parameter Note [6] Min Max Min Max Units  Notes
1 TpC Input Clock Period 3.0v 250 DC 250 DC ns [1,7.8]
55V 250 DC 250 DC ns [1,78]
2  TiCTiC Clock Input Rise & Fall Times 3.0v 25 25 ns [1,7.8]
5.5V 25 25 ns [1,78]
3 TwC Input Clock Width 3.ov 125 125 ns [1,78]
55V 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 [1.78]
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 TiTin, Timer Input Rise & Fall Timer 3.0v 100 100 ns [1.78]
TfTin 5.5V 100 - 100 ns [1,7.8]
8 TwlL Int. Request Low Time 3.ov 100 100 ns [1,2,7.8]
5.5V 70 70 ns [1,78]
9 TwH Int. Request Input High Time 3.0V 31pC 3TpC [1,2,7.8]
5.5V 31pC 3TpC [1.278]
10 Twsm Stop-Mode Recovery Width Spec 3.ov 12 12 ns [14]
5.5V 12 12 ns [1,4]
11 Tost Oscillator Startup Time 3.0v 5TpC 5TpC [1,3.89]
5.5V 5TpC 5TpC [1,389]

Notes:

[1] Timing Reference uses 0.7 V. for a logic 1 and 0.2V for a logic 0.

[2] Interrupt request via Port 3 (P33-P31).

[3] SMR-D5 = 0.

[4] SMR-D5 = 1, POR STOP mode delay is on.

[5] Reg. WDTMR.

[6] Voo =3.0Vto 5.5V.

[7ISMRD1=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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Z86E03/E06 CMOS Z8° 8-Bi OTP
CONSUMER CONTROLLER PROCESSOR

EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B

|D7|Dsloslmh>3 | o2 D1LDOJ

PCON (F) 00

EEEEEEER,

S%LFKF/'.I:CLK Divide by 16 (E06)t I c ator
10N Output PORT 3
0 P34, P35 Standard Output*
gx\;rcn&lglgkaDwEldneeM?d"}; 1 P34, P35 Comparator Output
= rn
1 SCLK/TCLK = External/1 Reserved (Must Be 1)
Stop Mode Recovery Source Lg"ﬂ'&?ﬁ:‘:e
000 POR Only* 1 Standard *
001 POR Onlytt
o s
Low EM! PORT 3
100 P33 1t 0 Low EMI Noise
101 P27 1 Standard *
110 P2 NOR 0:3
11 P2ZNORO7 Low EMI Oscillatol
r

Stoop Delay 0 Low EMi Noise
0 OFF 1 Standard *
1ON * Default Setting After Reset.
Stop Recovery Level
0 LowLevel *
1 |

High Lave Figure 32. PORT Control Register

5 R (Write Only)

* Default setting after RESET.

** Default setti aﬂer RESET and STOP-Mode Recovery.
1 E03 rese be 0.

11 EO6 only

SCON (C) 02

Ee =]

Figure 30. STOP-Mode Recovery Register I
(Write Only except bit D7, which is Read Only) S:' Ensb':,
1 Enable
pmmeemee  RxCharOverrun (S)
WDTMR (F) OF 0 Reset
1 Overrun
EEEEREER o
T 01 Tonde
WDT TAP‘I‘ INTRCOSC  XTALCLK
N fo Toue,
01' 15* 1024 TpC
10 25 2048 TpC e D0 SP! Port Enable (S)
1 100 8192 TpC 0 SPI DO Port Enabled
WDT During HALT 1 DO Partto VO
0 OFF Enable
1 ON* 0 Enable R
WDT During STOP ‘ Disable
0 OFF RxCharAvall
1 ON* 0 Reset
e XTALA/INT RG Select for WDT c:oci"’" Avall.
0 On-Board RC * Phase
0 Trans/Fall
1 XTAL 1 Trans/Rise
Reserved (Must be 0) CLK Source
0 TCLK
* Default setting after RESET. 1 Timer 0 Output
+ For E06; EO3 mustbe DO =1,D1=0. Master Slave
0 Slave
(S) Used with Bit D7 equal to 0 1 Master

Figure 31. Watch-Dog Timer Mode Register (M) Used with Bit D7 equal to 1

(Write Only) * Default Setting After Reset.

Figure 33. SPI Control Register
(Z86E06 Only)
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EXPANDED REGISTER FILE CONTROL REGISTERS (Continued)

SCOMP (C) 00

| 7] os] o] p4] D3] p2| o1] Do

Figure 34. SPI Compare Register
(Z86E06 Only)

RxBUFF (C) 01

| 7] os] 05| b4 o3| p2] o1} Do

Figure 35. SPI Receive Buffer
(Z86E06 Only)

Z8 CONTROL REGISTER DIAGRAMS

R240
Jo7 ] oe] os] o4 o3| 02 o1 | oo

I —

Figure 36. Reserved

R241 TMR
|o7] e] ps| p4] 03] p2| D1 Do |

No Function (E06 only) *
Load T

—

- = O a0 =0

Disable T o Count (E06 only) *
Enable TqCount

No Function

LoadT 4

Disable T ; Count
Enable T4Count

R ———————L L

00 External Clock Input
01 QGate Input

11 Trigger Input
(Retriggerable)

Tout Mode

00 Not Used

01 ToOUT (E06 only)
10 T{OUT

11 Internal Clock Out

* Must be 0 for the Z86E03.

Figure 37. Timer Mode Register
(F1,;: Read/Write)

R242TH
|07 o | os | o4 | paf o2 o1 | oo}
I T4 Initial Value

n Written)
(Range 1-256 Decimal
01-00 HEX)

T4 Current Value
(When READ)

Figure 38. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1
EEEEEEEE
L— Count Mode

0 T4 Single Pass
1 T4 Modulo-N

Clock Source
1 Tqinternal
0 T4 External Timing Input
(T ) Mode
P ler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 39. Prescaler 1 Register
(F3,: Write Only)

EOERREEE
I——— Mﬁaj Value

n Written)
(Range: 1-256 Decimal
01-00 HEX)

To Current Value
(When READ)

Figure 40. Counter/Timer 0 Register
(F4,: Read/Write; Z86E06 Only)

R245 PREO
|p7] o8] ps] 04] b3 p2| o1] Do

I—' Count Mode
0 TgSingle Pass
1 ToModuloN
Must be 0.

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

Figure 41. Prescaler 0 Register
(F5,: Write Only; 286E06 Only)

\
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N 2iLa5 ADVANCE INFORMATION CONSUMER CONTROLLER PAOCESSOR
—
R246 P2M R249 IPR
Jo7|os | os|p4[o3|p2 o1 |00 [o7] o8| os] o4} p3] p2] o1 oo
— T Ll
P2 - P2 /O Definition
0 "Defings Bit as OUTPUT ot roup Priority
1 Defines Bit as INPUT 001 C>A>B
010 A>B>C
. 011 A>C>B
Figure 42. Port 2 Mode Register 100 B>C>A
. : 101 C>B>A
(F6,,: Write Only) 110 B>A>C
111 Reserved
IHOQ1I lgm Priority (Group C)
RQ1 > |
R247 P3M 1 IRQ4> mm
IRQO, IRQ2 Priority (Group B
|o7| 06| os| 04| o3 p2] 1] D0} 190, 1RC2 Priorty (Group 8)
1 IRQO> moz
|. —— 0 Port2Open Drain IRQ3, IRQ5 Prlomy (Group A)
1 Port 2 Push-pull Y o> s
Port 3 Inputs
o Digital Mode Reserved (Must be 0)
1 Analog Mode
Reserved (Must be 0)

Figure 43. Port 3 Mode Register
(F7,: Write Only)

R248 PO1M

EEEEEREE

I _E.— Reserved (Must be 0)
Reserved (Must be 1)

Reserved (Must be 0)

Figure 44. Port 0 and 1 Mode Register
(F8,: Write Only)

Figure 45. Interrupt Priority Register
(F9,: Write Only)

R250 IRQ
|o7] o] o5 04| p3| 02| 1] oo

—L— IRQO = P32 Input

IRQ1 = P33 Input
IRQ2 = P31 Input

IRQ5 =T1

Inter Edge

00 P31l P32l
01 P31l P321
10 P31 T P32l
1 PatTipPa2 Tl

Figure 46. Interrupt Request Register

(FA,: Read/Write)

IRQ3 = Software Controlled/SPI
IRQ4 = TO (E03 Software only)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R251 IMR R253 RP

|o7] o6 os] o4] o3} p2] o1] 00 ] |o7 | oefos | o4 | 3| p2] o1 | o]
——:— 1 Enables IRQ5-IRQO L——— Expanded Regster File Pointer

(Dg = IRQO) Working Register Pointer
Reserved (Must be 0)
1 Interrupts
e Figure 49. Register Pointer

(FD,: Read/Write)
Figure 47. Interrupt Mask Register
(FB,;: Read/Write)
R254 GPR

R252 Flags [o7] ps]os |4 [ o3[ 2| o1 [ o0
|o7] o | o5 | 04| 03 o2 D1 | Do |

l Figure 50. General Purpose Register
| User Flag F1 (FE,: Read/Write)

User Flag F2
Half Carry Flag
Decimal Adjust Flag R255 SPL

veton g BOEREEREER
Sign Flag
Zero Flag l—-————- Stack Pointer Lower

Carry Flag Byte (SPg - SP7)
i Figure 51. Stack Pointer
Figure 48. Flag Register . P
(FC,: Read/Write) (FF,: Read/Write)

2-44



ZB6E03/EQS CMOS Z8* 8-Brr OTP

ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR

R 2305
INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to

Flags. Control register (R252) contains the following six

describe the addressing modes and instruction opera-  flags:
tions as shown in the instruction summary.
Symbol Meaning
Symbol Meaning C Carry flag
IRR Indirect register pair or indirect working-  Z Zero flag
register pair address S Sign flag
Irr Indirect working-register pair only \ Overflow flag
X Indexed address D Decimal-adjust flag
DA Direct address H Half-carry flag
RA Relative address
M Immediate Affected flags are indicated by:
R Register or working-register address
r Working-register address only 0 Clear to zero
IR Indirect-register or indirect 1 Set to one
working-register address * Set to clear according to operation
Ir Indirect working-register address only - Unaffected
RR Register pair or working register pair X Undefined
address

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

Symbol Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)




Z86E03/06 CMOS Z8° 8-Bir OTP

Q2105 ADVANCE INFORMATION CONSUNER CONTROLLER PROCESSOR
CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 Always True

o111 o] Carry C=1

1111 NC No Carry C=0

0110 z Zero Z=1

1110 Nz Not Zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No Overflow V=0

0110 EQ Equal Z=1

1110 NE Not Equal Z=0

1001 GE Greater Than or Equal (SXORV)=0

0001 LT Less than (SXORV) =1

1010 GT Greater Than [ZOR(SXORV)]=0

0010 LE Less Than or Equal [ZOR (S XOR V)] =1

1111 UGE Unsigned Greater Than or Equal C=0

0111 ULT Unsigned Less Than C=1

1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1

0011 ULE Unsigned Less Than or Equal (CORZ)=1

0000 F Never True (Always False) —
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ADVANCE INFORMATION

ZB6E0/EQS CMOS Z8° 8-Bir OTP
CONSUMER CONTROLLER PROCESSOR

INSTRUCTION FORMATS
CCF, DI, EI, IRET, NOP,
RCF, RET, SCF
One-Byte Instructions
OPC | MODE CLR, CPL, DA, DEC, opc | moDE ADC, ADD, AND, CP,
asvse | o [1110 | dsvsrc] RS Bl R RLC, src or[110] s ] RPN S5S5U8
RR, RRC, SRA, SWAP dst orf 1110 dst
OPC JP, CALL (indirect)
dst orf1110 | dst | OPC | MODE ADC, ADD, AND, CP,
| on (e e Bonisas e
OPC SRP VALUE
VALUE
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, src or|1110] s
dst src ?S:)fgg' SUB, TCM, dst or[1110] ast
MODE | OPC LD, LDE, LDE!, MODE | OPC LD
dst/src | sre/dst LDC, LDCI dst/src X
ADDRESS
dsvsrc | OPC LD
src/dst orf1110] s | cc | OPC >
DAU
dst | opc LD DAL
VALUE
OPC CALL
dsvCC | OPC DJINZ, JR DAU
RA DAL
FFH STOPHALT
6FH | 7R
Two-Byte Instructions Three-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 andtheresult is stored in the destination location. The

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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INSTRUCTION SUMMARY (Continued)

Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byte(Hex) € Z S V DH
ADC dst, src t 1] % %k %k % 0 % INC dst r (3 - Kk ok ok - -
dste—dst + src +C dste—dst + 1 r=0-F
R 20
ADD dst, src t 0] % %k % sk 0 % R 21
dste=dst + src
INCW dst RR A0 -k ok ok - -
AND dst, src t 5] - % % 0 - - dste—dst + 1 R IN
dste—dst AND src o
IRET BF % %k K ok k%
CALL dst DA D6 - - = = - - FLAGS—@SP:
SP(—SP -2 IRR D4 SP(—SP +1 '
@SPPC, PC@SP;
PCe—dst SPSP+2;
CCF EF % - = - = - IMR(7)e1
CeNOTC JPcc, dst DA oD S
CLR dst R B0 - - - - - - if cc is true, c=0-F
dste=0 R Bi PCedst IRR 30
COM dst R 60 S % %0 - - ;:Fc'cclcsm RA gﬂo e T
t R 61 ' =U=
dste-NOT ds PCePC + dst
CP dst, src t All % k %k %k - - Range: +127,-128
st -stc LD dst, src r Im «C - - - - -
DA dst R 40 % %k % X - - dste—src r R 8
dste=DA dst IR 41 R r 9
DEC dst R 0 T % % - - r=0-F
r X c7
dste—dst - 1 IR 01 X r D7
DECW dst RR 80 <k ok % - - roir B
dste—dst - 1 R 81 Irr F3
R R E4
0] 8F E R R E5
IMR(7)«=0 R IM E6
DJNZr, dst RA A N :2 IRM Eg
rer-1 r=0-F
ifr=0 LDC dst, src r Ir G2 - - - - - -
PC«PC +dst dste=src
Range: +127, 128
LDCI dst, src Ir Ir C3 - - - - .-
El 9F R dste=src
IMR(7)e1 rer+1;rmerm+1
HALT [ NOP FF - - - - .-
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Address Address
Instruction Mode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S VDH and Operation dst src Byte(Hex) C Z S V DH
OR dst, src t 4 ] - %k x 0 - - SUB dst, src t 201 * k %k ok 1 %
dste—dst OR src dste—dst - src
POP dst R 50 I SWAP dst R FO X % % X - -
dst—@SP; R 51 — IR F1
SPeSP +1 [T__4s_9]
PUSH sic R 70 N
SPe-SP-1; IR " TCM dst, src t 6l 1 - % x 0 - -
@SPesrc (NOT dst) AND src
RCF CF 0 - - - -- TM dst, src 1 M1 - % % 0 - -
Ce0 dst AND src
RET AF - - - - - wDT 5F - XXX - -
PC«@SP;
SP((:SP+2 XOR dst, src t Bl ] - %k % 0 - -
dste—dst XOR src
RL dst R 90 * ok ok ok - - + These instructions have an identical set of addressing modes, which
R 91 are encoded for brevity. The first opcode nibble is found in the instruction
[ gy EZN 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 * %k %k %k - - applicable addressing mode pair.
R 11
m For example, the opcode of an ADC instruction using the addressing
modes r (destination) and Ir (source) is 13.
RR dst R E0 % %k k %k - -
R E1
T—] Address Mode Lower
oy AR dst src Opcode Nibble
RRC dst :; (é? % %k %k %k - - r r 2]
.-I
r Ir [3]
SBC dst, src T 3] % %k %k % 1 %
dste—dst—src—C R R 4]
SCF DF 1 - - - - - R IR 5]
Ce
SRA dst R D0 * ok k0 - - RM (6]
R D1 R M 7]
el 7L o
hx
SRP dst Im 3 - - - - - -
RP«src
STOP 6F 1 - - - - -
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N 2ILa5 ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
—
OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B [+ D E F
6.5 6.5 6.5 6.5 105 10.5 10.5 10.5 6.5 6.5 |12/105|12/10.0] 65 |12.100] 6.5
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ JR LD JP INC
R1 IR1 M, r2 | r1,ir2 | R2, R1|IR2, R1| R1,IM|IR1,IM| r1,R2 | r2,R1 | r1,RA | cc,RA | r1,IM | cc, DA 1
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 rM,r2 | r1, 12| R2, R1}IR2,R1| R1,IM]IR1, IM
6.5 6.5 6.5 6.5 10.5 105 10.5 10.5
2 INC INC SUB | SUB | SUB | SUB | SUB | suB
R1 IR1 r,r2 | 1,2 { R2, R1{IR2,R1{ R1,IM | IR1, IM
8.0 6.1 6.5 6.5 10.5 10.5 10.5 105
3 JP SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR1 IM r,r2 | r1,1r2 | R2, R1|IR2, R1| R1,IM | IR1, IM
85 85 6.5 6.5 10.5 10.5 10.5 10.5
4 DA DA OR OR OR OR OR OR
R1 IR1 ri,r2 | r,Ir2 | R2, R1|IR2,R1| R1,IM | IR1, IM
105 | 105 | 65 | 65 [ 105 | 105 | 105 | 105 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND wWDT
R1 IR1 ri,r2 | r,Ir2{ R2, R1]IR2,R1| R1,IM | IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 105 10.5 6.0
6 COM | COM| TCM | TCM | TCM | TCM | TCM | TCM STOP
» R1 IR1 ri,r2 | r1,r2 | R2,R1|IR2, R1| R1,IM | IR1, M
g 10/12.1]12/14.1] 6.5 6.5 10.5 10.5 10.5 10.5 70
7 PUSH | PUSH ™ ™ ™ ™ ™ ™ HALT
§ R2 IR2 ri,r2 | r,ir2 | R2,R1|IR2,R1}| R1,IM | IR1, M
z 105 | 105 6.1
§ o8 |pecw|DeEcw ol
i RR1 IR1
e 65 | 65 6.1
9 RL RL El
R1 IR1
105 105 6.5 6.5 105 10.5 10.5 10.5 140
A INCW | INCW CcP CcP CcP CP cP CP RET
RR1 IR1 ri,r2 | r1,Ir2 } R2,R1}IR2,R1} R1,IM | IR1, IM
6.5 6.5 6.5 6.5 105 10.5 10.5 105 16.0
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 ri,r2 | r1,Ir2 | R2,R1|IR2, R1| R1,IM { IR1, IM
6.5 6.5 12.0 18.0 105 6.5
c RRC | RRC | LDC | LDCI Lo RCF
R1 IR1 |, Irr2]ir1, Ir2 r1,x,R2
6.5 6.5 200 20.0 105 6.5
D SRA | SRA CALL* CALL | LD SCF
R1 IR1 IRR1 DA |r2xR1
6.5 6.5 6.5 105 10.5 105 10.5 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,IR2| R2, R1|IR2, R1|{ R1,IM | IR1, IM
E 8.5 8.5 6.5 10.5 6.0
SWAP | SWAP LD LD NOP
R1 | IR1 I, 12 R2, IR1 Yivivivivivly
(- A A
- ~ v N —
2 3 Bytes per instruction N 3 1
Lower Legend:
Opcode R = 8-bit address
Executio Nibble Pioeli r = 4-bit address
ecution peiine Ry or ry = Dstaddress
Cycles l Cycles ! !

Mnemonic

Second
Operand

R, or r, =Src address
Sequence:

Opcode, First Operand,

Second Operand

Note: The blank areas are reserved.

* 2-byte instruction appears
as a 3-byte instruction
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PACKAGE INFORMATION
. \ sympoL |_MILLIMETER INCH
e 1 MIN MAX MIN MAX
l AL ost | o8t | 020 [ w032
q uw 42| 325 | 343 | 128 | 135 |
—— | B 038 | 053 | o015 | a1
B B Bl 114 | 165 | 045 | 065
E c 023 | 038 | 005 | 015
R D 2235 |2337 | 880 | 920
3 762 | 813 | 300 | 320
c 31 622 | 648 | 245 | 255
") 254 TYP 100 TYP
N eA 787 | 889 | 310 | 350
L 318 | 381 | 125 | 1m0
oL 152 | 165 | 060 | 065
s 089 | 165 | 035 | 063
-{r-=» [ e

CONTROLLING DIMENSIONS + INCH

18-Pin DIP Package Diagram

BRAAAAAAR

o= 43
=
-

CEELELLE!

28
a WMILLINETER

— - J-—| SYMBIL Ui | wAx | WIN_ | WAX
4 1 A ry 240 | 265 | 094 | a4
o L} Al o0 | o030 | 004 | o2
! J l Z % | 224 | 244 | o8 | 0%
< g 3 SEATING PLANE 3 | 036 | o4 | o4 | o8
c 023 | 030 | 009 | o2
D 140 | 1175 | 449 | 463
€ 740 | 760 | 291 | 299

CONTROLLING DIMENSIONS 1 MM n 127 TYP 050 TYP
LEADS ARE COPLANAR VITHIN 004 INCH. H 10.00 1065 394 419

y 030 | 040 | 02| o6
L 060 | 100 | oee | 039
[ 097 "] 107 038 | 042

18-Pin SOIC Package Diagram
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ORDERING INFORMATION
Z86E03 (8 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
ZB86E0308PSC Z86E0308SSC Z86E0Q308PEC Z86E0308SEC
Z86E06 (12 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86E0612PSC Z86E0612SSC Z86E0612PEC Z86E0612SEC

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°C1o +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  isaZ86E03, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix

F
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286C04/C08 CMOS Z8® Low Cost ﬂ
1K /2K ROM Microcontrollers

Z86G30/G31 CMOS 28° 8-Bit COP™
Consumer Gonirolier Frocesson =
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PRODUCT SPECIFICATION

286G04/286C08

CMOS Z8® 8-BIT Low-CoST
1K/2K-ROM MICROCONTROLLERS

FEATURES

B The Z86C04/C08 Devices Have the Following General
Characteristics:

Part ROM RAM Speed
786C04 1 Kbytes 124 8 MHz
Z86C08 2 Kbyte 124 12 MHz

W 18-Pin Package (DIP and SOIC)

B 3.0V to 5.5V Operating Range

B Operating Temperature: —40°C to +105°C

B Clock Speed up to 8 MHz (C04), 12 MHz (CO08)
B Low Power Consumption: 50 mW (Typical)

m Low Voltage Protection

W Fast Instruction Pointer: 1.5 ps @ 8 MHz (C04),
1.00 pus @ 12 MHz (C08)

m  Two Standby Modes: STOP and HALT

B 14 Input/Output Lines

B Three Digital Inputs at CMOS Levels

m Eleven Digital Inputs at CMOS Levels;
Schmitt-Triggered

m  Two Programmable 8-Bit Counter/Timers, each
with a 6-Bit Programmable Prescaler

M Six Vectored, Priority Interrupts from
Six Different Sources

W Software-Enabled Watch-Dog Timer
B Power-On Reset Timer
m  Two On-Board Comparators

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

W Programmable Interrupt Polarity
W Auto Latches

B ROM Protect, Low EMI Options

GENERAL DESCRIPTION

The Z86C04/C08 Microcontroller Units (MCUs) are mem-
bers of the Z8® single-chip microcontrolier 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
Z86C04/C08 offers all the outstanding features of the Z8
family architecture, plus easy software/hardware system
expansion .

For applications demanding powerful I/O capabilities, the
Z86C04/C08 provides 14 pins dedicated to input and

output. These lines are grouped into three ports, and are
configurable under software control to provide |/O, 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 I/O data communications, the
Z86C04/C08 offers two on-chip counter/timers with alarge
number of user-selectable modes. Additionally, two on-
board comparators process analog signals with a com-
mon reference voltage (Figure 1).




N 205

86C04/08 CMOS Z8°
8-BIT MICROCONTROLLER

GENERAL DESCRIPTION (Continued)

Characterized by a flexible I/O scheme, an efficientregis-  Notes:

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, */", 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 Circuit Device
Power Veo Voo
Ground GND ss
Input Vee GND XTAL
—N] Machine
Port 3 <_ v} Timing & Inst.
ll Control
4
Counter/ ||
Timers (2) N— ALU
FLAG
Interrupt LA Prg. Memory
Control N\ 1K/2K x 8-Bit
Register i T
TwoAnalog |4 Pointer Eroaram
Comparators \—- Registel' File Cognter
142 x 8-Bit
P4 } T
ll A4
Port 2 Port 0 C__'

i

(Bit Programmable)

it

e}

Figure 1. Z86C04/C08 Functional Block Diagram
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. 286C04/08 CMOS Z¢®
@ 205 8-BIr MICROCONTROLLER

PIN DESCRIPTIONS

Y Table 1. 18-Pin DIP and SOIC Pin Identification
P4 [ 1 18 |] P23 - -
Pin# Symbol Function Direction
Ps [ 2 7 P e 1-4  P24-P27 Port2, Pins 4,5, 6,7 InfO
- - ort 2, Pins 4,5, 6, n/Output
P26 [] 3 16 [1 P21 5 v, Power Supply
rer [ 4 786004 15 1 P20 6 XTAL2  Crystal Oscillator Clock  Output
Ve 5  /CO8 GND 7 XTAL1  Crystal Oscillator Clock  Input
¢ [ e 14 1 8 P31 Port3 Pin1, AN1 Input
xm2 Qe 1o J P2 9 P32 Port 3, Pin 2, AN2 I
ort 3, Pin 2, nput
xraut [ 7 12 [1 Pot 10 P33 Port3,Pin 3, REF Input
P31t [] s 1n | Poo 11-13  P00-P02 Port 0, Pins 0, 1, 2 In/Output
14 GND Ground
paz [] 9 P33
O 1o [1 15-18 P20-P23 Port2,Pins0,1,2,3  In/Output

Figure 2. 18-Pin DIP Configuration

U
P26 [ [ | 3 6] | Pt
P27 4 P20
LI Z86C04/C08 s L]
vee [T 5 soic “ ] ano
xme [ ¢ 10 [T roz
xtaur [} 7 12 ] pot
pat [ | 8 1 [ ] poo
P2 [T ° 10 ] ras

Figure 3. 18-Pin SOIC Pin Configuration

33



N3SLaB

86C04/08 CMOS Z8°
8-BIT MICROCONTROLLER

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-phase clock to
the on-chip clock oscillator and buffer.

Auto Latch. The Auto Latch puts valid CMOS levels on all
CMOSinputs (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 0 (P02-P00). Port 0 is a 3-bit |/O, bi-directional,
Schmitt-triggered CMOS compatible I/O port. These three
1/O lines can be configured under software control to be all
inputs or all outputs (Figure 4).

MCU

} Port 0 (1/O)

PAD

Out
1.5 «— 2.3 Hysteresis Vcc @ 5.0V

In A

I

Figure 4. Port 0 Configuration
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. 286C04/08 CMOS 28°
N 2iLais 8-BIT MICROCONTROLLER

Port 2 (P27-P20). Port 2 is an 8-bit I/O, bit programmable, ~ ware control to be an input or output, independently. Bits
bi-directional, Schmitt-triggered CMOS compatible /0  programmed as outputs may be globally programmed as
port. These eight I/O lines can be configured under soft-  either push-pull or open-drain (Figure 5).

MCU > Port 2 (/0)

Open Drain

Open Dc

PAD

Out

1.6 -«—» 2.3 Hysteresis Vcc @ 5.0V

; i
1 '
' O@ OQ ! Auto Latch
: :
1 ]
1 1
1 i

Figure 5. Port 2 Configuration
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86C04/08 CMOS Z8°
8-BIr MICROCONTROLLER

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 contral as digital

inputs or analog inputs. These three inputlines can also be
used as the interrupt sources IRQO-IRQ3 and as the timer
input signal (T,,) (Figure 6).

————
MCU  |jt————— Port 3
“__
R247 = PaM
1 = Analog
1 o] 1 o= pigha
DIG. l P31
PAD [ > Data Latch
l—_—l_l P31 (AN1) e P |RQ, Tin
+ AN. |
]
— - I
H IRQ3
v P32
Data Latch
PAD L—\ —™
l_____|l P32 (AN2) Vo p- RQO
+ ]
)
]
[] ' '
P33 (REF) !
PAD v P33
o [ » . DataLatch
Vee o IRQ1
IRQ 0,1,2 = Falling Edge Detection
IRQ3 = 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, A/D 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. is
5.0V.

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, 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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Z86C04/08 CMOS Z8*
8-BIT MICROCONTROLLER

FUNCTIONAL DESCRIPTION

RESET. Upon power-up the Power-On Reset circuit waits
for Toon Ms, plus 18 clock cycles, and then starts program

execution ataddress %000C (Hex ) (Figure 7). The Z86C04/
CO08 control registers' reset value is shown in Table 2.

INT OSC XTAL OSC
POR ! !
(Cold Start)
o— 1\ Delay Line 18 CLK Chip
— Tpor Msec | Reset Filter * Reset
P27
(Stop Mode)

Figure 7. Internal Reset Configuration

Table 2. Z86C04/C08 Control Registers

Reset Condition

Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments

F1 ™R 0 0O O O O 0O O

F2 T u uu uuu uwu

F3 PRElT U U U U U U 0 O

F4 T0 u uuuuuuwu

F5 PREO U U U U U U U O

F6e* PM 1 1 1 1 1 1 1 1 Inputsafter
reset

F-  PM U U U U U U 0 O

F&* POMM U U U O U U 0 1

F9 PR U UUUUUUU

FA RQ U U O 0 0 0 O 0 IRQ3Iis
used for
positive
edge detec-
tion

FB MR 0 UU U U U U U

FC FLAGS U U U U U U U U

FD RP 0 00 0 0 0 0 O

FF SPL U U U U U U U U

00 Poi0 U U U U U U U U

M P2 U U U U U U U U

03 Pot3 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
1K/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.
Bytes 0-1023/2047 are on-chip mask-programmed ROM.

1023/2047
Location of On-Chip
First Byte of ROM
Instruction
Executed \ -------------
After RESET 12 [
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt IRQ3
Vector g IRQ3
(Lower Byte) ™|
5 ™. IRQ2
-
Interrupt 4/ IRQG2
Vector IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
Y IRQO

Figure 8. Program Memory Map
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86C04/08 CMOS Z8°
8-BIT MICROCONTROLLER

FUNCTIONAL DESCRIPTION (Continued)

Register File. The Register File consists of three I/O 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 addressfield. This allows short 4-bitregister address-

Location Indentifiers
255 Stack Pointer (Bits 7-0) SPL
254 General Purpose Register
253 Register Pointer RP
252 Program Control Flags Flags
251 Interrupt Mask Register IMR
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode PO1M
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 TO Prescaler PREQ
244 Timer/Counter 0 To
243 T1 Prescaler PRE1
242 Timer/Counter 1 ™
241 Timer Mode T™R
240 Not Implemented
128
127

General Purpose
Registers
4
3 Port 3 P3
2 Port 2 P2
1 Reserved P1
0 Port0 PO

Figure 9. Register File

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.

Ir7r6r5r4l |'3r2r1|0|R253
(Register Pointer)
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.
FF
— R15 to RO
Fo
F
70
6F
80
5F
50
4F
- The lower nibble
gg ?‘fthz;eglsier
. le address
e Specified Working &} provided by the
20 Register Group p i );)oints
2F to the specified
— register.
20
1F
- Register Group 1 R15 to RO
10
oF Register Group 0 R15 to R4*
1/0 Ports R3to RO
00

*Expanded Register Group (0) is selected in this figure
by handiing bits D3 1o DO as *0* in Register R253(RP).

Figure 10. Register Pointer
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286C04/08 CMOS Z8°
8-BIT MICROCONTROLLER

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 fromaV,,,
resetif the V,, 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

prescaler drives its counter, which decrements the value
(1to 256) thathas beenloaded intothe counter. When both
counter and prescaler reach the end of count, a timer
interrupt request, IRQ4 (TO) or IRQS5 (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

wite | U

Write lL Read ﬂ
i i
PREO TO TO
Initial Value Initial Value Current Value
Register Register Register
2| U U ]
6-Bit 8-Bit
- Down ~ Down
Int | Counter Counter - = |RQ4
nternal
T Clock
Y
External Clock -
Clock L
Logic
6-Bit 8-Bit ¥ a5
»1 4 Down R Down ‘
\ Counter Counter
Internal Clock T? Tr _j
Gated Clock PRE1 T T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31
IN Write’ ]/T Write+ Tr Head* u

* Note: Divide-by-two is not used in Low EMI Mode.

Internal Data Bus

Figure 11. Counter/Timers Block Diagram
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86C04/08 CMOS Z8®
8-BIT MICROCONTROLLER

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.

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 Zilog's
C12 ICEBOX™ emulator. The rising edge interrupt is not
supported on the Z86 CCPOOZEM emulator.

Table 3. Interrupt Types, Sources, and Vectors

Name Source VectorLocation Comments

IRQO AN2(P32) 0,1 External (F)Edge
IRQ1 REF(P33) 23 External (F)Edge
IRQ2 AN1(P31) 45 External (F)Edge
IRQ3 AN2(P32) 6,7 External (R)Edge
IRQ4 TO 8,9 Internal

IRQ5 T 10,11 Internal

Notes:

F = Falling edge triggered
R = Rising edge triggered

IRQO - IRQ5

)

IRQ
T I T
L1 1 I Ll ‘
IMR
sl
/
Global IPR
Interrupt
Enable L
N
Interrupt ° PRIORITY
Request LOGIC

U

Vecto

Figure 12. Inter

r Select

rupt Block Diagram
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286C04/08 CMOS Zg°
8-BIT MICROCONTROLLER

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 (XTAL1 = 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 across XTAL1 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 V¢ 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...
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
C1 Cc1

c2

|IH'—+_‘
:
o

Ceramic
Resonator
or Crystal

Program execution under both conditions begins at loca-
tion 000C (Hex). However, when P27 is used to release the
STOP mode, the I/O port mode registers are not re-
configured to their default power-on conditions. This pre-
vents any 1/O, 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:

LD P2M, #1XXX XXXXB
NOP
STOP
(X = dependent upon user's application.)

Inorder to enter STOP or HALT mode, itis 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 (WDT). 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 should be refreshed once the WDT
is enabled within every Twdt period; otherwise, the Z86C04/
CO08 resets itself. The WDT instruction affects the Flags
accordingly: Z=1,8=0,V=0.

WDT = 5F (Hex)

| XTAL1 XTAL1
| XTAL2 XTAL2

External Clock
* = Use pin 14.

Figure 13. Oscillator Configuration
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86C04/08 CMOS 26°
T MICROCONTROLLER

FUNCTIONAL DESCRIPTION (Continued)

Opcode WDT (5FH). The first time opcode 5FH is ex-
ecuted, the WDT is enabled, and subsequent execution
clears the WDT counter. This has to be done within the
maximum T, petiod; otherwise, the WDT times out and
generates a Reset. The generated Reset is the same as a
Power-On Reset of T, plus 18 XTAL clock cycles. The
WDT does not work in STOP mode. The WDT is disabled
during and after a Reset, until the WDT is enabled again.

Opcode WDH (4FH). When this instruction is executed it
will enable the WDT during HALT. If not, the WDT will stop
when entering HALT. This instruction does not clear the
counters, it facilitates running the WDT function during
HALT mode. A WDH instruction executed without execut-
ing WDT (5FH) has no effect.

Low Voltage Protection (V,,). Maximum (V,,) Conditions:

Case1: T,= —40°C, +85°C, Internal Clock Frequency
equal or less than 2 MHz

Case2: T,=-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.

Vcc 2.80

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,,) 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° 0°C +25°C  +70°C  +105°C
V 2.55 2.4 2.1 17 1.6

Lv

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 LDCI (286C04/C08 and Z86E04/E08 do
not support the instructions of LDE and LDEI) in all
modes. ROM look-up tables cannot be used in this
mode.

(Voite)
2.60

2.40

220

2.00

1.80

Vgo (Typical)

1.60

™

N

1.40

AN

-60 -40  -20 0 20

40 60 80 100 120 140

Temperature (°C)

Figure 14. Typical Z86C04/C08 V,, vs. Temperature
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286C04/08 CMOS Zg*

N2LaB5 8.BIT MICROCONTROLLER

ABSOLUTE MAXIMUM RATINGS
Parameter Min Max Units
Ambient Temperature under Bias -40 +105 C
Storage Temperature —-65 +150 Cc
Voltage on any Pin with Respect to V [Note 1] -0.6 +12 \
Voltage on V,,, Pin with Respect to V¢ -0.3 +7 \'
Voltage on Pin 7 with Respect to V [Note 2] -0.6 Vo1 \"
Total Power Dissipation 462 mwW
Maximum Current out of Vg 84 mA
Maximum Current into V,, 84 mA
Maximum Current into an Input Pin [Note 3] -600 +600 pA
Maximum Current into an Open-Drain Pin [Note 4] -600 +600 pA
Maximum Output Current Sinked by Any 1/O Pin 12 mA
Maximum Output Current Sourced by Any /O Pin 12 mA
Total Maximum Output Current Sinked by Port 2 70 mA
Total Maximum Output Current Sourced by Port 2 70 mA

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:

Notes:

[1] This applies to all pins except where otherwise noted. Maximum
current into pin must be £600pA.

[2] There is no input protection diode from pin to V.

[3] This excludes Pin 6 and Pin 7.

[4] Device pin is not at an output Low state.

Total Power dissipation = V, x [ 1o, — (sum of l,,) 1 + sum of [ (V5 = Vg,) X lgy ] + sum of (Vi x |,)

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).

From Output
Under Test

? 150 pF

Figure 15. Test Load Diagram

CAPACITANCE
T, =25°C, Vo = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input capacitance 0 10 pF
Output capacitance 0 20 pF
1/0 capacitance 0 25 pF
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86C04/08 CMOS Zg*
8-BIT MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS

Ty=0°Cto+70°C T, =-40°C {0 +105°C Typical
Sym  Parameter Vee[41  Min Max Min Max @25°C Units Conditions Notes
Veu Clock Input High 30V 08Vee  Vget03 08V  Viet03 1.7V Driven by External
Voltage Clock Generator
55V 08Vge  Veet03 08V V03 28 V. Driven by External
Clock Generator
Voo Clock Input Low 30V Vg03 02V V03 02V 08 vV Drivenby External
Voltage Clock Generator
55V Vg03  02Vge Vg 03 02V 1.7V Driven by External
Clock Generator
Viy Input High Voltage 3.0V 0.7Vgg  Veet03 0.7V  Vget03 18 vV
55V 07Vge  Vget03 07V  Vget03 28 Vv
Vi Input Low Voltage ~ 3.0V V03 02V  Ve03 02V 08 Vv
55V Vg03 02V V03 02V 15 v
Vou Output High Voltage 3.0V V0.4 Voc04 30 V. ly=-20mA (51
55V V0.4 Vo044 48 V  lgy=-20mA [5]
30V V04 V04 V. Low Noise @l =—05mA
55V V04 Vec04 V. LowNoise @ lpy=-05mA
Vout Output Low Voltage 3.0V 0.8 0.8 02 V  lp=+40 mA [5]
5.5V 0.4 04 0.1 Vo lp=+0mA [51
3.0v 04 0.4 V. Low Noise @l =1.0 mA
5.5V 0.4 0.4 V. Low Noise @lo =1.0 mA
Voro  Output Low Voltage 3.0V 1.0 1.0 08 Vg =+12mA,
3 Pin Max (51
5.5V 08 0.8 03 Vg =+12mA,
3 Pin Max (51
Vorrser  Comparator Input 3.0V 25 25 10 mv
Offset Voltage 5.5V 25 25 10 mv
Viv Ve Low Voltage 2.7 2.95 2.1 V. @1MHzMax,
Int. CLK Freq
'“_ |nplﬁ Leakage 30V —1 0 10 —1 0 10 ].lA VlN = OV, Vcc
(Input Bias 5.5V -10 1.0 -1.0 1.0 PA - V=0V, Ve
Current of
Comparator)
lou Output Leakage 3.0v -10 1.0 -1.0 1.0 pA - V=0V, Vg
55V -10 1.0 -10 1.0 PA - V=0V, Ve
Vycr  Comparator Input 0 Vee-1.0 0 V=15 v

Common Mode
Voltage Range
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To=0°C10470°C T,=-40°C 10 +105°C  Typical

Sym  Parameter Vec[4]  Min Max Min Max @25°C Units  Conditions Notes
lec Supply Current 32v 80 pA All output and 1/0 Pins
Floating @ 32 kHz 7
3.0V 35 35 15 mA All Output and 1/0 Pins
Floating @ 2 MHz (5]
5.5V 70 7.0 38 mA All Output and I/0 Pins
Floating @ 2 MHz [5]
3.0V 8.0 8.0 30 mA All Qutput and I/0 Pins
Floating @ 8 MHz [5]
5.5V 11.0 1.0 44 mA All Output and 1/0 Pins
Floating @ 8 MHz [5]
3.0v 10 10 36 mA All Qutput and I/0 Pins
Floating @ 12 MHz [5,6]
5.5V 15 15 9.0 mA All Qutput and 1/0 Pins
Floating @ 12 MHz [5,6]
leet Standby Current 3.0v 25 2.5 0.7 mA HALT mode Vjy =0V,
Ve @2 MHz [5]
5.5V 40 5.0 25 mA HALT mode Vi =0V,
Voo @2 MH:z [5]
3.0v 40 40 1.0 mA HALT mode Vi =0V,
Voo @ 8 MHz [5]
5.5V 5.0 5.0 30 mA HALT mode Vi =0V,
VCC @ 8MHz [5]
3.0V 45 45 15 mA HALT mode Vi =0V,
Voo @ 12 MHz [5,6]
5.5V 70 70 40 mA HALT mode Vi =0V,
Ve @ 12 MHz [5,6]
lec Supply Current 3.0V 35 35 15 mA All Output and I/0 Pins
(Low Noise Mode) Floating @ 1 MHz
5.5V 7.0 7.0 38 mA Al Qutputand I/0 Pins
Floating @ 1 MHz
3.0v 5.8 5.8 25 mA All Output and I/0 Pins
Floating @ 2 MHz
55V 9.0 9.0 40 mA All Output and I/0 Pins
Floating @ 2 MHz
3.0V 8.0 8.0 30 mA Al Output and /0 Pins
Floating @ 4 MHz
55V 110 11.0 44 mA  All Qutput and I/O Pins
Floating @ 4 MHz
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86C04/08 CMOS Zg®

§-BIT MICROCONTROLLER
DC ELECTRICAL CHARACTERISTICS (Continued)
Ty=0°C1t0 +70°C T,=-40°C10+105°C  Typical
Sym  Parameter Vec[4]  Min Max Min Max @25°C Units  Conditions
lect Standby Current 3.0v 1.2 1.2 0.4 mA HALT mode Viy=0V,
(Low Noise Mode) Voo @1 MHz
5.5V 1.6 1.6 09 mA HALT mode Vi =0V,
Vee @1 MHz
3.0v 15 15 05 mA HALT mode Viy =0V,
Vee @2 MHz
5.5V 1.9 1.9 1 mA HALT mode Vjy =0V,
Vee @2 MHz
3.0v 20 20 0.8 mA HALT mode Vjy =0V,
Vee @4 MHz
5.5V 24 24 0.3 mA HALT mode Vyy =0V,
Ve @ 4 MHz
loca Standby Current 3.0v 10 20 1.0 A STOP mode Vi =0V,
Ve WOT is not Running
5.5V 10 20 1.0 A STOP mode Vyy = 0V,
Ve WOT is not Running
I Auto Latch Low 30v 6.0 8.0 30 PA 0V<Viy<Vee
Current
5.5V 22 30 16 PA 0V< Vi<V
lah Auto Latch High 3ov -40 -5.0 -15 pA 0V<Viy<Vee
Current
5.5V =120 -20 -8.0 PA OV<Viy<Vee
Notes:
11 lecy Typ  Max Unit Freq
Clock Driven 0.3 5.0 mA 8 MHz
Crystal/Resonator 3.0 5.0 mA 8 MHz
[2] Vss=0V=GND

[3]

[4]

[5]
[6]
[71

For 2.75V operating, the device operates down to V| y. The minimum
operational V¢ is determined on the value of the voltage V,y at
the ambient temperature. The V,y increases as the temperature

decreases.

Vg = 3.0V to 5.5V, typical values measured at V¢ = 3.3V and

Voo =5.0V.

Standard Mode (not Low EMI mode)

Z86C08 only.

CL1 = 100 pF, CL2 = 220 pF, RF = 30 kOhm
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AC ELECTRICAL CHARACTERISTICS

(..

Clock

IRQ N -\

Figure 16. AC Electrical Timing Diagram

317



. 86C04/08 CMOS Z8°
@ 235 8-Br MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Timing Table (Standard Mode for SCLK/TCLK = XTAL/2)

Ty= 0°C to +70°C Ta=—40°C to +105°C
8 MHz (C04) 12 MHz (C08) 8 MHz(C0O4) 12 MHz (C08)
No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes

1 TpC Input Clock Period 30v 125 DC 8 DC 125 DC 83 DC ns [1]
55V 125 DC 83 DC 125 DC 83 DC ns [1]

2  TCTIC  Clock Input Rise 30V 25 15 25 15 ns (1
and Fall Times 5.5V 25 15 25 15 ns
3 TwC Input Clock Width 30V 62 4 62 4 [1]
55V 62 4 62 My ns [11
4 TwlinL  Timer input Low Width 3.0V 100 100 100 100 ns [1]
55V 70 70 70 70 ns (1]
5 TwlinH  Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC 1]
55V 5TpC 5TpC 5TpC 5TpC [1
6 TpTin Timer Input Period 3o0v  8TpC 8TpC 8TpC 8TpC [1]
55V 8TpC 8TpC 8TpC 8TpC [1]
7 TTin, Timer Input Rise 3.ov 100 100 100 100 ns [1
TtTin and Fall Timer 5.5V 100 100 100 100 ns [
8 Twl Int. Request Input 30V 100 100 100 100 ns 1.2
Low Time 55V 70 70 70 70 ns [1,2]
9 TwH Int. Request Input 30v  5TpC 5TpC 5TpC 5TpC [1]
High Time 55V 5TpC 5TpC 5TpC 5TpC [1,2]
10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [l
Delay Time 5.5V 12 12 10 10 ms 1]
11 Tpor R T 24 24 24 ms [1]
55V 12 12 12 12 ms [1]
Notes:

[1] Timing Reference uses 0.7 V¢ for alogic 1 and 0.2 V. for a logic 0.
[2] Interrupt request through Port 3 (P33-P31).
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286C04/08 CMOS Zg*

N 2iLas 8-BIT MICROCONTROLLER
AC ELECTRICAL CHARACTERISTICS
Low Noise Mode
Ty=0°C to +70°C Tp=-40°C to +105°C
1MHz 4 MHz 1MHz 4 MHz
No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes
1 TPC Input Clock Period 30v 1000 DC 250 DC 1000 DC 250 DC ns 1]
55V 1000 DC 250 DC 1000 DC 250 DC ns ]
2 TC Clock Input Rise 3.0V 25 25 25 25 ns [
TiC and Fall Times 5.5V 25 25 25 25 ns [1]
3 TwC Input Clock Width 30V 500 125 500 125 ns 11
55V 500 125 500 125 ns (11
4. TwTinL  Timer Input Low Width 3.0V 100 100 100 100 ns 1]
58V 70 70 70 70 ns 1]
5 TwTinH  Timer input HighWidth 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [11
55V 25TpC 2.5TpC 2.5TpC 2.5TpC [11
6 TpTin Timer Input Period 30V 4TpC 4TpC 4TpC 4TpC [1]
55V 4TpC 4TpC 4TpC 4TpC [1]
7 TrTin, Timer input Rise 3.0v 100 100 100 100 ns 1]
TtTin and Fall Timer 5.5V 100 100 100 100 ns 11
8 Twi Int. Request Input 3.0V 100 100 100 100 ns [1,2]
Low Time 55V 10 70 70 70 ns 12
9 TwH Int, Request Input 30v  25TpC 2.5TpC 2.5TpC 2.5TpC 1]
High Time 55V 25TpC 2.5TpC 2.5TpC 2.5TpC [1.2]
10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1]
Delay Time 5.5V 12 12 10 10 ms M
Notes:

[1] Timing Reference uses 0.7 V¢ for a logic 1 and 0.2 V¢ for alogic 0.
[2] Interrupt request through Port 3 (P33-P31).
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86C04/08 CMOS Z8*
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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:

W All pre-driver slew rates reduced to 10 ns typical.

B Internal SCLK/TCLK operation limited to amaximum of
4 MHz - 250 ns cycle time.

B Outputdrivers have resistances of 200 ohms (typical).
B 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

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
-70
5 -75
-4
®
>
3
S 80
-4
-85
30-60 140-160 300-400 700-1000
Frequency (MHz)
Idle
-------------- Static
Switch

Figure 17. Low Noise Analysis
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Z8® CONTROL REGISTER DIAGRAMS

R241 TMR
|o7| oe] ps] p4] o3| p2| D1] po]
|—— 0 No Function

Load Ty

Disable T oCount
Enable TqCount

No Function
Load T ¢

Disable T y Count
Enable T4 Count

TN Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

Reserved (Must be 0.)

-

- Y-

Figure 18. Timer Mode Register
(F1,;: Read/Write)

R242TH
for]os|oso«fos]ozfor oo}
I T4 Initial Value

(When Written)
(Range 1-256 Decimal
01-00 HEX)

T4 Current Value
(When READ)

Figure 19. Counter Time 1 Register
(F2,: Read/Write)

R243 PRE1
EDERECREE]
L— Count Mode

0 T Single Pass
1 T 1 Modulo

Clock Source
1 Tqlnternal
0 T4 Extemal Timing Input
(T ) Mode

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

Figure 20. Prescaler 1 Register
(F3,: Write Only)

R244 70
[or o o[> oo e o [oo]
I———-——- To Initial Value

en Written)
(Range: 1-256 Decimal
01-00 HEX)
Tp Current Value
(When READ)

Figure 21. Counter/Timer 0 Register
(F4,: Read/Write)

R245 PREO
|o7] o] ps] o4} p3] p2] 01| po |

L— Count Mode

0 T, Single Pass
1 T, Modulo-n

Reserved (Must be 0.)

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

Figure 22. Prescaler 0 Register
(F5,;: Write Only)

[o7] o0 os o4 oo foefor oo
T—-——— P2 7 - P2 /O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

Figure 23. Port 2 Mode Register
(F6,;: Write Only)

R247 P3M

EEEEEEEE

I—- 0 Port 2 Pull-Ups Open Drain
1 Port 2 Pull-Ups Active
Port 3 Inputs

0 Digal
1 Analog

Reserved (Must be 0.)

Figure 24. Port 3 Mode Register
(F7,: Write Only)
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86C04/08 CMOS Z8°

8-BIT MICROCONTROLLER
Z8 CONTROL REGISTER DIAGRAMS (Continued)
R248 POIM R251 IMR
|D7| o6 05| 04 b3 p2| o1 [Dol |o7] pe| o5] p4| D3| b2 p1] b0
| B— PO,- PO 3 Mode I 1 Enables IRQ5-IRQO

00 = Output (0. =IRQ0)

01 Output 0

Must be 1. Reserved (Must be 0.)

Reserved (Must be 0.) 1 Enables Interrupts

Figure 25. Port 0 and 1 Mode Register
(F8,: Write Only)

R249 IPR
Jo7] os] os| p4] ps] p2] o1 oo

Interrupt Group Priority
000 Reserved
001 C>A>B
010 A>B>C
o011 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 IRQ4 > IRQ1

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

IRQ3, IRQ5 Priority (Group A)
0 IRQ5> IRQ3
1 IRQ3 > IRQS

Reserved (Must be 0.)

Figure 26. Interrupt Priority Register
(F9,: Write Only)

R250 IRQ
{ 07| o6} os] p4] 03] p2| b1] Do)

I—-——— IRQO = P32 Input {

IRQ1=P33 Input L
IRQ2 = P31 Input |
IRQ3 = P32 Input T
IRQ4=TO
IRQ5=T1

R d (Must be 0.)

Figure 27. Interrupt Request Register
(FA,;: Read/Write)

Figure 28. Interrupt Mask Register
(FB,: Read/Write)

R252 Flags

=R

| |—— User Flag F1
User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 29. Flag Register
(FC,: Read/Write)

R253 RP
|o7] o] os| o4] D3] p2] o1] oo |
L—— Reserved (Must be 0.)

Register Pointer

Figure 39. Register Pointer
(FD,: Read/Write)

R255 SPL
Pl o[ o[
[——————— Stack Pointer Lower

Byte (SPO -8P7)

Figure 31. Stack Pointer
(FF,: Read/Write)
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286C04/08 CMOS Z8¢
@ Zil-ﬂs 8-BIT MICROCONTROLLER

DEVICE CHARACTERISTICS

Standard Mode
lcc (mA)
)
12,0
11.0
10.0 55V
9.0
8.0 e
/
7.0 "]
60 s
5.0
55V
40 TR
e LT3
3.0 —
20 ——
1.0 I — _-—‘1:!&1_
=== = Frequenc
0 — 6 ] 0 iz 4 "tz
HALT ===
Active =e—
Figure 32. Typical I, vs Frequency
Vee (Volt)
i
6.0
55
5.0
45
4.0
35
3.0
25
5.5V
20
15
3.0v
1.0
5 3.0V
5.5\_Ir
s = 'emp
50 o)

VoL mumm
V) e————

Figure 33. V,, V,, vs. Temperature
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86C04/08 CMOS Z8°

N 2L 8-BIT MICROCONTROLLER
DEVICE CHARACTERISTICS (Continued)
Standard Mode
Vcee (Voit)
A
6.0
55
5o —r—r w— - 55V
45
40
35
3.0 5.5V
25 ot ¢ 3.0V
20
15 3.0v
Tem
a5 - 6 20 4 80 00 cg
VuVeTOMp mmmm
Vu Vs Temp seesmmm
Figure 34. V,, V,, vs. Temperature
Tou
(mA)
|
2.0 3.0 4.0 5.0 60 v,
0 “r - (vgﬂ)
20 ;
-30 »
_4 0 / lll’"'i
50 / I L ":ll:
sl 2/ I
70 IEE‘ 2’50 '-40’C 1259 lzsl.:_a)'c
-8.0
3.0V commm—
Y 55V ===

Figure 35. Typical |, vs.V,,
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286C04/08 CMOS Z8*
0N 2iL05 8-BIT MICROCONTROLLER

loL(MA)
N
a9
& yeo?
30 ,A/ Ao g
o (3 ‘3"&
kY (3 ¢¢" GQ‘“‘
2 K< v R rqo"
A 4
o"”'“
/ eo.;e"'
10 /Xé

0 05 1.0 15 20 25 Vg (Voits)

Figure 36. Typicall, vs.V,

Time
" k
40
30 _]
20 +105°C
+25°C
10
-40°C
0 1 1
25 3.0 35 4.0 45 50 55 6.0
\olitage

Figure 37. Typical WDT Time Out Period
vs V.. Over Temperature
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86C04/08 CMOS Z8°
8-BIT MICROCONTROLLER

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

M 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 Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol  Meaning

C Carry flag

z Zero flag

S Sign flag

\" Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 — Always true —

0111 o] Carry C=1

111 NC No Carry C=0

0110 4 Zero Z=1

1110 Nz Not zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXORV)=0

0001 LT Less than (SXORV) =1

1010 GT Greater than [ZOR(SXORV)}=0
0010 LE Less than or equal [ZOR(SXORV)] =1
1111 UGE Unsigned greater than or equal C=0

0111 ULT Unsigned less than Cc=1

1011 UGT Unsigned greater than (C=0ANDZ=0)=1
0011 ULE Unsigned less than or equal (CORZ)=1

0000 F Never true (always false) —
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86C04/08 CMOS Zg*

N 2iLa5 8-BT MICROCONTROLLER
INSTRUCTION FORMATS
O
RCF, RET, SCF
One-Byte instructions
OPC | MODE CLR, CPL, DA, DEC, oPC | MODE ADC, ADD, AND, CP,
astsc | or [1110 | dstsrc] PEeBUa ACALC, src or[Tr1o] s | W2RS5SS
RR, RRC, SRA, SWAP dst orfi1110]| ast
OPC JP, CALL (Indirect)
dst orf1110] ast | OPC | MoDE ADC, ADDéeND, CcP,
LD, OR, SBC, SUB,
dat or|1110] dst | Tcu i xoR
OPC SAP VALUE
VALUE
MODE | OPC 1)
OPC | MODE ADC, ADD, AND, CP, sre omrli1110] src
dst_| s o o, SUB. TCM, st {1110 ot
MODE | oPC LD, LDE, LDEI, MoDE | oPC D
dstisro | sroldst LbC, Lot dstsrc | x
ADDRESS
dstisrc | OPC LD
sr/dst orf1110] s | cc | orc P
DAU
dst | opPc D DAL
VALUE
oPC CALL
dst/CC | OPC DJNZ, JR DAU
RA DAL
FFH STOP/MALT
6FH | 7FH
Two-Byte Instructions Three-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 andthe result is stored in the destination location. The

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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H 286C04/08 CMOS Z¢°
@ 205 8-BIT MICROCONTROLLER
INSTRUCTION SUMMARY (Continued)
Address Address
Instruction Mode  Opcode Flags Affected Instruction Mode  Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byta(Hex) C Z S V D H
ADC dst, src t 1] % %k %k % 0 % INC dst r iE - % K ¥ — -
dst « dst +src+C dst < dst+1 r=0-F
R
ADD dst, src t o] % %k % % 0 % R g?
dst « dst +src
INCW dst - _ -
AND dst, src t S THEE O e dated ::&R 2? e
dst « dst AND src
IRET BF *
CALL dst DA 06 - ----- FLAGS < @SP: ook ke
@SP  FC, PC  @SP;
PC st SP - SP+2;
CCF EF * - - - — - IMRO)-1
CeNoTC P cc, st DA ® - ----<
CLR dst R B0 - - - - — — if cc is true, c=0-F
dst e 0 R B1 PC « dst IRR 30
COM dst R 60 — % % 0 - - ;‘:ccics, gz; RA gB op T
NOT dst IR 1 . =0-
st NOT o 6 PC « PC 4 dst
CP dst, src t Al * %k % %k — — Range: +127, -128
ot s LD dst, src r m €  ------
DA dst R 40 * k% % X - - dst « src r R 8
dst « DA dst IR 41 R r )
DEC ds! R ) - r=0-F
r X 07
dst « dst—1 IR 01 X T 07
DECW dst RR 80 — % ok ok - - roir B
dst & dst—1 IR 81 Irr F3
R R E4
DI & 0 - - - - - - R R B5
IMR(7) « 0 R M E6
DaNz", as M R - - - --- R E
R R FS
rer—1 r=0-F
ifr=0 LDC dst, src ror € - - - - -
PC « PC +dst dst « src
Range: +127, 128
LDCI dst, src F e C3 - === -=-
El L dst « src
IMR(7) 1 rer+lmem+1
HALT T - - - - - NOP FF - - - - — <
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" 86C04/08 CMOS Z8°
@ 2ILﬂB 8-BIT MICROCONTROLLER
INSTRUCTION SUMMARY (Continued)
Address Address
Instruction Mode  Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byte(Hex) C Z S V DH
OR dst, src t 4 - % % 0 - - STOP 6F 1 - = - -=
dst OR src
st dstORs SUB dst, src t 21 * sk ok ok 1 ok
POP dst R 5 @ - -=---- dst ¢ dst—src
P; R 1
Feptgl X SWAP dst R 70 X % % X - -
] IR F1
PUSH src R nm - - - ) EE
SP «SP-1; R i 1
P (]
@SP s TCM dst, src t 6l ] - % % 0 - -
RCF CF 0 - - --- (NOT dst) AND src
00 TM dst, src t M1 - % % 0 - -
RET AF - - - - - dst AND src
PC « @SP;
P SP+2 WDH £ - - -
RL dst R % * % % x - - WOT 5 - XX X--
5 IR 91 XOR dst, stc 1 B[] - % % 0 - -
dst « dst XOR src
RLC dst R 10 * %k k k — —
IR 11 1 These instructions have an identical set of addressing modes, which
lE.Ti‘I 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 ﬁ:( E? ® k& ok applicable addressing mode pair.
For example, the opcode of an ADC instruction using the addressing
modes r (destination) and Ir (source) is 13.
RRC dst R co % 3k k k- —
= ——] IR C1
[c] Address Mode Lower
dst sre Opcode Nibble
SBC dst, src t a1 % % % k 1 %
dst « dst-sic—C r r [2
SCF DF 1 -=---- r Ir 3]
Cet
SRA st R D0 * ok k 0 - - R R 4
re] 15T 7] R D1 R IR [5]
kx
R IM (6]
SRP dst Im 3 -—- - - - -
RP « src IR M [71
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286C04/08 CMOS 28*

8-BIT MICROCONTROLLER
OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
65 65 6.5 65 | 105 | 105 | 105 | 105 ] 65 65 [12/105]12/100] 65 [12.100] 65
0 |DEC |DEC | ADD | ADD | ADD | ADD | ADD | ADD | LD LD [DJINZ [ JR LD JP INC
R1 IR1 | r1,r2 | r1,2 |R2,R1}IR2, R1] R1, IM}IR1, IM| r1,R2 | r2, R1 | r1,RA [cc, RA |r1,IM |cc, DA} i
65 65 6.5 65 | 105 | 105 | 105 | 105
1 RLC | RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 ri,r2 | r1,1r2 | R2,R1 JIR2, R1] R1,IM | IR1, IM
65 65 6.5 65 | 105 | 105 | 105 | 105
2 INC INC | SUB | SUB | SUB | suB | suB | SuB
R1 IR1 | r1,r2 | r1,r2 |R2, R1|IR2, R1} R1,IM | IR1, IM
8.0 6.1 6.5 6.5 105 105 105 105
3 JP SRP SBC | SBC | SBC | SBC | SBC | SBC
IRR1 | M | r1,r2 | r, 2 |R2,R1|IR2, R1| R1, IM | IRY, IM
85 85 6.5 65 | 105 | 105 | 105 | 105 4.0
4 DA DA OR OR OR OR OR OR WDH
R1 IR1 | r1,r2 | r,Ir2 |R2, R1}IR2, R1| R1,IM ] IR1, M
105 105 6.5 6.5 105 105 105 105 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND wDT
R1 IR1 | r1,r2 | r1,1r2 |R2,R1 |IR2, R1| R1,IM | IR1, IM
65 6.5 6.5 65 | 105 | 105 | 105 | 105 6.0
6 COM |COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
3 R1 IR1_ | r1,r2 | r1,r2 |R2, R1 |IR2, R1| R1, IM | IR, IM
fL, 10A21[12[14.1] 65 65 | 105 | 105 | 105 | 105 7.0
o7 PUSH|PUSH| ™ ™ ™ ™ ™ ™ HALT
2 R2 IR2 | r1,r2 | r1,1r2 |R2, R1}IR2, R1| R1,IM | IR1, IM
z 105 | 105 6.1
§_ 8 DECW | DECW DI
a RR1 IR1
> 65 | 65 6.1
9 RL RL El
R1 IR1
105 | 105 | 65 | 65 | 105 | 105 | 105 | 105 14.0
A INCW | INCW | CP cP CcP CP CcP cP RET
RR1 | IR1 | r1,r2 | r1,Ir2 |R2, R1 }IR2, R1{ R1, IM]IR1, IM
6.5 6.5 65 65 | 105 | 105 | 105 | 105 16.0
B CLR | CLR XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 ri,r2 | r1,1r2 |R2,R1 }IR2, R1] R1, IM|IR1, IM
65 6.5 120 18.0 105 6.5
[ RRC | RRC | LDC | LDCI LD RCF
R1 IR1Jr1, drr2 | Ird, Irr2 r1,x,R2
6.5 6.5 20.0 20.0 105 65
D SRA | SRA CALL* CALL| LD SCF
R1 IR1 IRR1 DA _|r2.xR1
6.5 6.5 6.5 105 105 105 105 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1, IR2 | R2, R1 JIR2, R1] R1, IM] IR1, IM
. 85 | 85 65 105 # 60
SWAP | SWAP LD LD NOP
R1 IR1 Ir, r2 R2, IR1 ' ' ' ' ' '
v ' Y ~—
2 Lower Bytes per Instruction 2 Legend: s !
Opcode R = 8-bit Address
Execuon Mo ¢ = 4-bit Address
Cycles l c;':ck;:e R1or r1 = Dst Address
4 R2 or r2 = Src Address
Upper Sequence:
oﬁft?s: *A Mnemonic Opcode, First Operand,
Second Operand
First Second Note: Blank areas are reserved.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction
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86C04/08 CMOS Z8*

8-Brr MICROCONTROLLER
. . sympoL | MILLIMETER INCH
o 19 o OO s I e B e B e Y o O MIN MAX MIN MaX
f al 051 | ost | 020 | 032
[« El A2 325 | 343 | 128 135
l B 0.38 053 015 <21
- - EEEEEE B 114 | 165 | 045 | 065
c 023 | 038 [ 003 | a15
» D 2235 [2337 | 880 | 920
3 762 | 843 300 | 320
31 622 | 648 | 245 | 255
® 254 TYP 100 TYP
eA 787 | 889 | 310 | 3%
L 318 | 381 | 125 | as0
at 152 | 165 | 060 | 065
s 089 | 165 | 035 | 065
-pF® e e
CONTROLLING DIMENSIONS 1 INCH
u L
Al
s B
18-Pin DIP Package Diagram
D
2 TE
9 1 - i
HARAAHAAE L 1
3
q -« | H
' 1
10 8 b1
o1 MILLIMETER INCH
r v 1 SYMBOL "irn | MaX_ | MIN | max
1A A 240 | 265 | 094 | 104
‘f B = AL 010 | 030 | 004 | 02
f Z a2 | 224 | 244 | 088 | 09
] g 3 SEATING PLANE B 036 | 046 | o4 | o8 |
T 023 | 030 | o009 | o2
D 140 | u7s | 449 | 463
‘ 3 740 | 760 | 291 | 299 |
050 _TYP
TROLLING DIMENSIONS + MM [ 127 TYP
COADS Al COPLANAR. WITHIN 004 INCH. H 1000 | 1065 | .394 | 419
h 030 | c40 | 012 | 06
L 060 | 100 | 026 | 039
ol 057 ~| 107 038 042

18-Pin SOIC Package Diagram
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N 2iLa5 286C04/08 CMOS Zi®

8-BiT MICROCONTROLLER

ORDERING INFORMATION
286C04 (8 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
786C0408PSC Z86C0408SSC Z86C0408PEC Z86C0408SEC
Z86C08 (12 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86C0812PSC Z86C0812SSC 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=S0IC

Preferred Temperature
S =0°Cto +70°C

Longer Lead Time
E = -40°C to +105°C

Speeds
08 = 8 MHz
12 =12 MHz

Environmental
C = Plastic Standard

Example:
Z 86C04 08 P S C is a Z86C04, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

l L— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix
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PRODUCT SPECIFICATION

Z86E04/E08

CMOS Z8® 8-BIT OTP
MICROCONTROLLERS

FEATURES

B The Z86E04/E08 Devices Have the Following General
Characteristics:
Part ROM RAM Speed
Z86E04 1 Kbyte 124 8 MHz
Z86E08 2 Kbyte 124 12 MHz

m 18-Pin Package (DIP, SOIC)

B Clock Speeds up to 8 MHz (E04), 12 MHz (E08)
N Low Noise Programmable

B ROM Protect Programmable

B 4.5V to 5.5V Operating Range

B Low Power Consumption: 50 mW (Typical)

B Fast Instruction Pointer: 1 us @ 12 MHz (E08),
1.25 us @ 8 MHz (E04)

m  Two Standby Modes: STOP and HALT

B 14 Input/Output Lines
W All Digital Inputs, CMOS Levels, Schmitt-Triggered.

B Two Programmable 8-Bit Counter/Timers Each
with a 6-Bit Programmable Prescaler.

W Six Vectored, Priority Interrupts from
Six Different Sources.

B Programmable Watch-Dog Timer
B Power-On Reset Timer
N Two On-Board Comparators

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

B Programmable Interrupt Polarity

B Auto Latches

GENERAL DESCRIPTION

The ZB6EO4/E08 8-bit One-Time-Programmable (OTP)
Microcontroliers (MCUs) are members of Zilog's single-
chip Z8® microcontroller family with 1K/2K bytes of one-
time PROM, respectively. Offered in 18-pin DIP or SOIC
style packages, and manufactured in CMOS technology,
the Z86EO4/E08 allow easy software development, debug
and prototyping, and are ideal for small production runs
not economically desirable with a masked ROM version.

The Z86EO4/E08 are characterized by aflexible I/O scheme,
an efficient register, and address space structure, in
addition to a number of ancillary features useful in many
consumer, industrial, and commercial applications.

For applications demanding powerful /O capabilities, the
Z86E04/EO8 provides 14 pins dedicated to input and
output. These lines are grouped into three ports, and are
configurable under software control to provide I/O, 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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Z86E04/E08 CMOS Z8° 8-Brr
OTP MICROCONTROLLER

GENERAL DESCRIPTION (Continued)

To unburden the system from coping with real-time tasks,
such as counting/timing and I/O 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 witha

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:

common reference voltage (Figures 1 and 2). Connection Circuit Device
Power Vee Voo
Ground GND Vgs
Input XTAL
ll l Vce GND l T
l l Machine
Port3 <— > Timing & Inst.
{} Control
Counter/ C: ALU ——-JT
Timers (2) |
OTP
Program Memory
Interrupt t FLAG 1024/2048 x 8-Bit
Control
Register i i
N Pointer
Two Analog Nr— l;rogram
t
Comparators General-Purpose ounter
Register File
124 x 8-Bit

J 1

Port 2 Poto  K—

o

/
(Bit Programmable)

Figure 1. Z86E04/E08 Functional Block Diagram




. 286 8
N 2iLa5 EOUEDR CHOS 26381

OLLER
{} D7-D0
Z8 MCU ‘——V—J\ X
A10-A0 z A10-A0 |
3 ek~ 3 £
»| Address |——N] s [
Counter F—A < EPROM \'DY_D-(')/ ] g
A0-A0 I rompror | | 8 R
3 Bits | »] LowNoise <11:>
y \ - D700
PGM
Mode Logic
Clear Clock EPM /CE /PGM VPP IOE
PO0O PO1 P32 XT1 PO2 P33 P31

Figure 2. Z86E04/E08 EPROM Programming Mode Block Diagram

PIN DESCRIPTION

Table 1. 18-Pin DIP/SOIC Pin Identification

able n i icati s [ 1 \_/ 18 [1oa
EPROM Programming Mode D
Pin # Symbol  Function Direction D5 E 2 17 j 2

pe [] 3 16 | 1D1

1-4 D7-D4 Data 4,5, 6,7 In/Output
5 Ve Power Supply D7 [] 4 286E04 15 ] Do
6 N/C No Connection vec []5 /E08 q4]7GND
7 /CE Chip Enable Input O DiP [
8 IOE Output Enable Input Nne [ s 13 | ]/PGM
9 EPM EPROM Prog Mode Input e 7 12 [J cLock
10 Vep Prog Voltage Input 10E [] 8 11 [] CLEAR
11 Clear Clear Clock Input
12 Clock Address Input EPM [ o 10 [ VPP
13 /PGM Prog Mode Input
14 GND Ground
15-18 D3-D0O Data0,1, 2,3 In/Output Figure 3. 18-Pin DIP/SOIC Pin Configuration

EPROM Programming Mode
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PIN DESCRIPTION
\J/
p24 [] 1 N 18 [1 P23 8 [ [ |Pes
P25 [] 2 17 | P22 17 [J[_] pe2
p2s [ 3 16 [ P21 16 [ ] P
P27 14 ggeoq 15[ P20 256E04EDS 15 [T P20
vec []5 /E08 14[] anD 1 [ ano
DIP soIC
XTAL2 |; 6 13 :l P02 xaz [ 13 [ L] o2
xTaLt [ 7 12 [] Pot 12 [T por
pa1 []s 1 ng # F poo
P32 9 P33
10 10 [ s
Figure 4. 18-Pin DIP Pin Configuration
Standard Mode Figure 5. 18-Pin SOIC Pin Configuration
Standard Mode
Table 2. 18-Pin DIP/SOIC Pin Identification
Standard Mode Standard Mode
Pin# Symbol Function Function Direction
1-4 P24-P27 Port 2, Pins 4,5,6,7 Port 3, Pin 2, AN2 Input
5 Vee Power Supply Port 3, Pin 3, REF Input
6 XTAL2 Crystal Osc. Clock Port 0, Pins 0,1,2 In/Output
7 XTAL1 Crystal Osc. Clock Ground
8 P31 Port 3, Pin 1, AN1 Port 2, Pins 0,1,2,3 In/Output
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PIN FUNCTIONS
OTP Programming Mode

D7-D0 Data Bus. Data can be read from, or written to the
EPROM through this data bus.

V.. Power Supply. It is 5V during EPROM Read Mode and
6V during the other modes (Program, Program Verify, etc.).

ICE Chip Enable (active Low). This pin is active during
EPROM Read Mode, Program Mode, and Program Verify
Mode.

IOE 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.

V. Program Voltage. This pin supplies the program volt-
age.

Clear Clear (active High). This pin resets the internal
address counter at the High Level.

Clock Address Clock. This pinis aclockinput. 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 V_, occur on the XTAL1 pin.

In addition, processor operation of Z8 OTP devices may be
affected by excessive noisesurgesontheV_, /CE, /EPM,
/OE pins while the microcontroller is in Stamfard Mode.

Recommendations for dampening voltage surges in both
test and OTP mode include the following:

® Using a clamping diode to V

M Adding a capacitor to the affected pin.
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ZB6EO4/E08 CMOS Z8® 8-Bir
OTP MICROCONTROLLER

Z86E04/E08 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
(8 MHz or 12 MHz max) to the on-chip clock oscillator and
buffer.

Port 0, P02-P00. Port 0 is a 3-bit bi-directional, Schmitt-
triggered CMOS compatible I/O port. These three |/O lines

can be globally configured under software control to be
inputs or outputs (Figure 6).

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.

g
Z86E04
and —— Port 0 (1/0)
Z86E08
|t

T-
Open DG : l
PAD
Out
1.5 2.3 Hysteresis VCC @ 5.0V
in é}
rr————~>"">"">""7>">">"7 ']
: L uto Laten
: I
R=A< 500 kQ I
L d

Figure 6. Port 0 Configuration
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Port 2, P27-P20. Port 2 is an 8-bit, bit programmable, bi-
directional, Schmitt-triggered CMOS compatible 1/O port.
These eight 1/O lines can be configured under software

e EE————
286E04 [ —>
and Port 2 (1/0)
Z86E0B leg
j———————————
=
Port 2
Open-Drain T
Open DC I___
PAD
M
Out
1.5 2.3 Hysteresis  vCC @ 5.0V
In é‘l
T T i
| ‘ : Auto Latch
| |
I |
R kQ
L_ RS J

Figure 7. Port 2 Configuration

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).
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Z86E04/E08 Standard Mode (Continued)
Port 3, P33-P31. Port 3 is a 3-bit, CMOS compatible port  inputs or analog inputs. These three input lines are also

with three fixed input (P32-P30) lines. These three input  used as the interrupt sources IRQO-IRQ3 and as the timer
lines can be configured under software control as digital  input signal (T,, - Figure 8).

Z86E04

and — Port 3
Z86E08

0 = Digital
R247=P3M 1 =Analog

| I |

DIG. L P31
PAD [ o Latwh

| » e v IRQ2
P31 (AN1) AN. |
. :
]
v g
32 Data
PAD l—o\ . Latch
hd i IRQO
P32 (AN2) +
D
P33 (REF)

- —————

l—b P33 Data
» Laich

- IRQ1

)

IRQ 0,1,2 = Falling Edge Detection
IRQ3 = Rising Edge Detection

Figure 8. Port 3 Configuration
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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

mode. The common voltage range is 0-4 Vwhenthe V. is
5.0V; the power supply and common mode rejectionratios
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
datainputs, or T,  through P31. Alternatively, the compara-
tors can be disabled, freeing the reference input (P33) for
use as IRQ1 and/or P33 input.

FUNCTIONAL DESCRIPTION

The following special functions have been incorporated
into the Z86EQ4/E08 devices to enhance the standard Z8®
core architecture to provide the user with increased de-
sign flexibility.

RESET. This function is accomplished by means of a
Power-On Reset or aWatch-Dog Timer Reset. Upon power-
up, the Power-On Reset circuit waits for T, ms, plus 18
clock cycles, then starts program execution at address
000C (Hex) (Figure 9). The Z86E04/E08 control registers'
reset value is shown in Table 3.

INT OSC XTALOSC

] ]

(Cold Start)
.4 . Chip Reset
Delay Line 18 CLK
' TPOR msec Reset Filiter '

P27

(Stop Mode)

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. and the oscillator circuit
to stabilize before instruction execution begins. The POR
timer circuitis 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

Watch-Dog Timer Reset. The WDT is aretriggerable 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.
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FUNCTIONAL DESCRIPTION (Continued)

Table 3. Z86E04/E08 Control Registers

Reset Condition

Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments

F1 T™R 0 00 0 0 0 0 O

F2 T u uuuuuuuu

F3 PREl U U U U U U 0 O

F4 T0 uuvuvuuuuuu

F5 PREO U U U U U U U 0

F6*+ PM 1 1 1 1 1 1 1 1 Inputsafter
reset

F PM U U U U U U 0 O

F&* POIM U UU O U U 0 1

F9 IR U UU U U U U U

FA IR&R U U0 0 0 0 0 O IRQ3is
used for
positive
edge detec-
tion

FB MR 0 UU U U U U U

FC FLAGS U U U U U U U U

FD RP 0 00 0 0 0 0 O

FF SPL U UU 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 shownin Table 4 and the user must avoid bus contention on the port

pins or it may affect device reliability.

OTP MICROCONTROLLER

Program Memory. The Z86E04/E08 addresses up to 1K/
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 éEM
2048 (E08
Location of On-Chip
First Byte of ROM
Instruction
Executed N} - - - = = =« = = = = -
After RESET 12 [™Ww
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt IRas
Vector
(Lower Byte) IRQ3
5 IRQ2
Interrupt A IRG2
Vector IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 10. Program Memory Map
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Register File. The Register File consists of three 1/O 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-
cupythe 04H to 7FH address space. I/O ports are mapped
as per the existing CMOS Z8. The Z86E04/E08 instructions
can access registers directly or indirectly through an 8-bit

Location Identifiers
255 Stack Pointer (Bits 7-0) SPL
254 General-Purpose Register GPR
253 Register Pointer RP
252 Program Control Flags FLAGS
251 Interrupt Mask Register HMH
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode POIM
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 TO Prescaler PREO
244 Timer/Counter0 TO
243 T1 Prescaler PRE1
242 Timer/Counter1 T
241 Timer Mode TMR

Not Implemented
128
127
General-Purpose
Registers
4
3 Port 3 P3
2 Port 2 P2
1 Reserved P1
0 Port 0 PO

Figure 11. Register File

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.

1

EEXIEXEr (Register Pointer)

The upper nibble of the register file address
provided by the register pointer specifies

the active working-register group.
FF
— R15to RO

Fo
70
6F
60
sF
50
4F

- The lower nibble
8 o

e address

| — Specified Working - Iruvided th
2 Register Group ' i bypoi:ts
2F to the specified

- register.
20
1F

— Register Group 1 R15to RO
10

F
0 Register Group 0 R15to R4*
/0 Ports R3to RO

00

*Expanded Register Group (0) is selected in this figure
by handiing bits D3 to DO as "0" in Register R253(RP).

Figure 12. Register Pointer
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FUNCTIONAL DESCRIPTION (Continued)

Stack Pointer. The Z8B6E04/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
occursinthe V., 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

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 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, atrigger
input that is retriggerable or non-retriggerable, or used as
a gate input for the internal clock.

Internal Data Bus

wite | lL

write | ‘J‘ Read | ﬁ

0SsC PREOQ To
Initial Value Initial Value Current Value
} Register Register Register
+2 \ / ll
6-Bit 8-bit
+4 L Down -] Down
Counter Counter L > RQ4
1'_—» Internal Clock
i
External Clock
Clock
Logic
6-Bit 8-Bit L -
] +4 } Down - Down IRQS
\ Counter Counter
Internal Clock ﬁ ﬂ 14’
Gated Clock PRE1 T T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register

TIN P31

Write+ ﬂ

wiot [

Read U

Intemal Data Bus

Figure 13. Counter/Timers Block Diagram
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Interrupts. The Z86E04/E08 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/ftimers. 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

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: Usermustselectany Z86E08 mode in Zilog's C12
ICEBOX™ emulator. The rising edge interrupt is not
supported on the Z86 CCPOOZEM emulator.

Table 4. Interrupt Types, Sources, and Vectors

interrupts are vectored through locations in program Vector
memory. When an Interrupt machine cycle is activated,an ~ Name  Source Location Comments
Interrupt Request is granted. This disables all subsequent Al o
interrupts, saves the Program Counter and Status Flags, ::g? REIFg((IEgs)) 2; 32;22: Egggg:
and then branches to the program memory vector location IRQ2 AN1(P31) 4’ 5 External (F)Edge
reserved for that interrupt. This memory location and the IRQ3 AN2(P32) 6'7 External (R)Edge
next byte contain the 16-bit starting address of the inter- IRQ4 To 8’9 Internal
rupt service routine for that particular interrupt request. IRQ5 T 10'1 1 Internal
Notes:
F = Falling edge triggered
R = Rising edge triggered
IRQO - IRQ5
IRQ
' | ]
LI | L
IMR
Global
Interrupt
Enable IPR
Interrupt {L
Request PRIORITY
LOGIC i

U

Vector Select

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

| XTAL2

Ceramic Resonator
or Crystal

* Device Ground Pin

LC Clock

The crystal should be connected across XTAL1 and XTAL2
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
Vs Pin 14 to reduce Ground noise injection.

XTAL1

—DO-— XTAL1

XTAL2 — XTAL2

External Clock

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
currentto 10 pA. 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 000C(Hex). However, when P27
is used to release the STOP mode, the I/O port mode
registers are not reconfigured to their default power-on
conditions. This prevents any |/O, 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.

Inorderto enter STOP or HALT mode, itis necessary tofirst
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 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
every 1 Twdt period; otherwise, the Z86E04 resets itself,
The WDT instruction affects the flags accordingly; Z=1,
S=0, V=0.

WDT = 5F (Hex)

Opcode WDT (5FH). The first time opcode 5FH is ex-
ecuted, the WDT is enabled and subsequent execution
clears the WDT counter. This must be done at least every
Taom Otherwise, the WDT times out and generates a reset.
The generated reset is the same as a power-on reset of
Toors Plus 18 XTAL clock cycles.
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Opcode WDH (4FH). When this instruction is executed it
enables the WDT during HALT. If not, the WDT stops when
entering HALT. This instruction does not clear the counters,
it just makes it possible to have the WDT running during
HALT mode. A WDH instruction executed without execut-
ing WDT (5FH) has no effect.

Auto Reset Voltage (V). The ZB6E04/EO8 has an auto-

reset built-in. The auto-reset circuit resets the Z86E04/EQ8
when it detects the V.. below V. Figure 16 shows the

Vee
(Volts)

Auto Reset Voltage vs temperature. The Z86E04/E08 does
not function from V... to below 4.5V. Upon power-up of the
device, the V. rise time must reach 4.5V before the T,
expires so that program execution begins with the V. in
the range 4.5V to 5.5V.

Ifthe V. drops below 4.5V while the device is in operation,
the device must be powered down and then re-powered
up again.

2.50

245

/

2.40

235

230 oS

225

2.20

~_

Temp

-5°C

25°C

75°C

Figure 16. Typical Auto Reset Voltage (V,,;) 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:
W Less than 1 mA consumed during HALT mode.
B All drivers slew rates reduced to 10 ns (typical).
B Internal SCLK/TCLK = XTAL operation limited to a
maximum
of 4 MHz - 250 ns cycle time.
m  Output drivers have resistances of 200 ohms (typical).
B 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.

In addition to V,,, and GND (V), the Z86E04/E08 changes
all its pin functions in the EPROM mode. XTAL2 has no
function, XTAL1 functions as /CE, P31 functions as /OE,
P32 functions as EPM, P33 functions as V,,, 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 ZB6EO4/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, itis suggested that the voltages on the EPM and CE
pins be clamped to V through a diode to V_ to prevent
accidentally entering the OTP mode. The V. 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 Ver EPM /CE J/OE /PGM ADDR DATA V.*
EPROM READ1 All X v, vV, Vv, V, ADDR Out 45V
EPROM READ2 Al X v, vV, Vv, V, ADDR Out 55V
PROGRAM All Vy X \'A Vi ‘A ADDR In 6.0V
PROGRAM VERIFY Al v, X A V, ADDR Out 6.0V
EPROM PROTECT All v, Vv, vV, V, A NU NU 6.0V
LOW NOISE SELECT E04/E08 vV, Vi, V, V, A NU NU 6.0V
Notes:
vV, = 125V0.5V
Vi, = As per specific Z8 DC specification.
V., = Asper specific Z8 DC specification.

= Not used, but must be setto V,, V,,, or V,_level.
NU = Not used, but must be set to either V,, or V, level.

| during programming = 40 mA maximum.
lo¢ during programming, verify, or read = 40 mA maximum.
* Ve has a tolerance of £0.25V.
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Internal Address Counter. The address of ZB6EQ4/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.

Programming Waveform. Figures 18, 19 and 20 show the
programming waveforms of eachmode. Table 6 shows the
timing of programming waveforms.

Programming Algorithm. Figure 21 shows the flow chart
of the Z8B6E04/E08 programming algorithm.

Table 6. Timing of Programming Waveforms

Parameters Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 us
3 Ve Setup 2 us
4 V¢ Setup Time 2 us
5 Chip Enable Setup Time 2 Hs
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 /OE Setup Time 2 us
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 us
13 /PGM Setup Time 2 us
14 Address to /OE Setup Time 2 us
15 Option Program Pulse Width 78 ms
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FUNCTIONAL DESCRIPTION (Continued)

P01 = Clock

P00 = Clear -/

ol ‘? X X

Vih > 0 Min

Data ; Invalid Valid Invalid Valid
X et X maio X vaio X
—®

Legend:

T1 Reset Clock Width 30 ns Min
T2 Input Clock High 30 ns Min
T3 Input Clock Period 70 ns Min
T4 Input Clock Low 30 ns Min
T5 Clock to Address Counter Out Delay 15 ns Max

Figure 17. Z86E04/E08 Address Counter Waveform
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VIH
Address VIL X Address Stable X Address Stable X
VIH L—O Min -»}
Data VIL Invalid Valid XInvalid x Valid x
ok
" ®
Pl
VPP VIL / \
W ¢
EPM *
VIL
- @ vl 5.5V :(
vce
4.5V
VIH
ICE ‘\
VIL ¢
) P4
VIH —»| OMin  je— ‘.
3 [ 24
JOE
VIL
VH _f
PGM ’
VIL
@ —

Figure 18. Z86E04/E08 Programming Waveform
(EPROM Read)

4-19



ZBGEOAEDS COS 260 6-B
N5 o Meoeoumotn

FUNCTIONAL DESCRIPTION (Continued)

bend

VIH
Address

! w X Address Stable X
VIH —4 @

Data w X Data Stable (| Data Out Valid

- @ ® —

H (¢

> w N\
ViH

—(3)—>
W $4
EPM
_V"-.___/ '-\_-
Y 55
e / ’\_
- — D
_
ICE Vi \ g ’-/—
Vi
H
/OE
ViL
ViH

/PGM
ViL
6

U

¢ Program Cycle j&—— Verify Cycle s

Figure 19. Z86E04/E08 Programming Waveform
(Program and Verify)
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VIH
Address ViL
VIH
Data
4w
VH
vep
ViH
6V
Vee
4.5V
VH
/CE
ViH
JOE VIH
ViL
VH
EPM VIH \ 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)

Addr=
First Location

'

Voe = 6.0V
Vpp= 125V

Y

N=0

Y

Program
1 ms Pulse

Y

Increment N

Pass

Prog. One Pulse

3xN ms Duration
Increment No
Address
Yes
Vee= Vpp=4.5V

Verify All Fall -
Bytes
Pass

Vee = Vpp =56.5v ( Device Failed )

Figure 21. Z86E04/E08 Programming Algorithm
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ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed under Absolute Maxi-  dissipation should not exceed 462 mW for the package.
mum Ratings may cause permanent damage to the de-  Power dissipation is calculated as follows:

vice. This is a stress rating only; functional operation of the

device at any condition above those indicated in the  Total Power Dissipation = V,x [1,, - (sumof )]
operational sections of these specifications is not implied. + sumof [ (Vp = Vg,) X I, ]
Exposure to absolute maximum rating conditions for an +sumof (V, x 1)

extended period may affect device reliability. Total power

Parameter Min Max Units Note
Ambient Temperature under Bias -40 +105 C
Storage Temperature -65 +150 C
Voltage on any Pin with Respect to Vg -06 +12 \' [1]
Voltage on V,, Pin with Respect to Vg -0.3 +7 \
Voltage on Pins 7, 8, 9, 10 with Respect to V -0.6 Voot 1 \ [2].
Total Power Dissipation 462 mwW
Maximum Current out of Vg 84 mA
Maximum Current into V, 84 mA
Maximum Current into an Input Pin -600 +600 HA [3]
Maximum Current into an Open-Drain Pin -600 +600 A [4]
Maximum Output Current Sinked by Any I/O Pin 12 mA
Maximum Output Current Sourced by Any /O Pin 12 mA
Total Maximum Output Current Sinked by Port 2 70 mA
Total Maximum Qutput Current Sourced by Port 2 70 mA

Notes:

[1] This applies to all pins except where otherwise noted.
Maximum current into pin must be 600 pA.

[2] There is no input protection diode from pinto Vg,
(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 From Output
conditions as noted. All voltages are referenced to Ground. Under Test
Positive current flows into the referenced pin (Figure 22).

} 150 pF
il

Figure 22. Test Load Diagram

CAPACITANCE
T,=25°C, V. = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.

Parameter Min Max
Input capacitance 0 10 pF
Output capacitance 0 20 pF
I/O capacitance 0 25 pF
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ZB6EQ4/E0 CMOS Z8° 8-BiT
N2ILaE OTP MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS

Ty=0°C to +70°C Typical

Symbol Parameter Vee Min Max @25°C Units Conditlons Notes
Ven Clock Input High 45V 0.8 Ve Vect0.3 24 v Driven by External
Voltage Clock Generator
5.5V 0.8 Ve Veet03 26 v Driven by External
Clock Generator
Vo Clock Input Low 45V V503 0.2 Vg 16 Driven by External
Voltage Clock Generator
5.5V Ves03 0.2 Vg 2.3 v Driven by External
Clock Generator
VIH Input High Voltage 45V 0.7 Vcc ch+0.3 2.1 v
5.5V 0.7 Vge Vect03 2.7 v
Vi Input Low Voltage 4.5V Vgs—0.3 0.2 Ve 1.2 v
5.5V Vg 0.3 0.2 Ve 1.7 v
Vou Output High Voltage 45V Vcc—0.4 39 v IOH =-20mA [3]
5.5V Vee04 54 Vv lon=—2.0mA [31
Vou Output Low Voltage 45V Vee-04 v Low Noise @
loy=—05mA
5.5V Ve 04 v Low Noise @
loy=-05mA
Vo Output Low Voltage 45V 04 v Low Noise @
lo.=+1 mA
5.5V 0.4 v Low Noise @
|0|_ =+1mA
Vous Output Low Voltage 45V 0.8 0.2 v loo =+4.0 mA [3]
5.5V 0.4 0.2 v lo.=+4.0 mA [3]
Vo2 Output Low Voltage 45V TBD 0.7 v loL =+12 mA,
3 Pin Max [3]
5.5V 08 0.5 v loL = +12mA,
3 Pin Max [31
Vorrser Comparator Input 45V 10 6 mv
Offset Voltage
5.5V 25 7 mvV
Vrst Auto Reset Voltage 155 2.7 24 v
Ill |npl.|l Leakage 45V -1 0 10 10 M VIN = OV, Vcc
(Input Bias Current 5.5V -1.0 1.0 1.0 pA Vin=0V, Vge
of Comparator)
oo Output Leakage 45V -1.0 1.0 1.0 A Vin=0V, Vg
5.5V -1.0 1.0 10 pA =0V, Vee
Vicr Input Common Mode 0 Vee—1.0 )
Voltage Range

4-24



Z86E04/E08 CMOS Z8° 8-Bit
N 2iLa5 OTP MCROCONTROLLER

T,=0°C to +70°C Typical

Symbol Parameter Ve, Min Max @ 25°C Units Conditions
lee Supply Current 45V 40 22 mA All Output and I/0 Pins
(Standard Mode) Floating @ 2 MHz
5.5V 70 5.0 mA All Output and I/0 Pins
Floating @ 2 MHz
45V 9.0 45 mA All Output and I/ Pins
Floating @ 8 MHz
5.5V 11.0 83 mA All Output and I/0 Pins
Floating @ 8 MHz
45V 10 6.1 mA All Qutput and I/0 Pins
Floating @ 12 MHz (E08)
5.5V 15 10.8 mA All Output and I/0 Pins
Floating @ 12 MHz (E08)
e Standby Current 45V 25 05 mA HALT mode V= 0V,
(Standard Mode) Ve @ 2MHz
5.5V 40 1.0 mA HALT mode V,, = 0V,
Ve @2 MHz
45V 40 1.0 mA HALT mode V,, =0V,
V. @8MHz
5.5V 5.0 20 mA HALT mode V,, =0V,
V. @8MHz
45V 5.0 13 mA HALT mode V=0V,
Ve @ 12 MHz (E08)
5.5V 70 23 mA HALT mode V=0V,
V. @ 12 MHz (E08)
lec Supply Current 45V 40 22 mA All Output and |/0 Pins
(Low Noise Mode) Floating @ 1 MHz
5.5V 7.0 42 mA All Output and I/0 Pins
Floating @ 1 MHz
45V 6.0 29 mA All Qutput and 1/0 Pins
Floating @ 2 MHz
5.5V 9.0 55 mA All Output and 1/0 Pins
Floating @ 2 MHz
45V 8.0 44 mA All Qutput and I/0 Pins
Floating @ 4 MHz
5.5V 11.0 79 mA All Qutput and 1/0 Pins
Floating @ 4 MHz
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Z86EO4/E08 CMOS 26° 8-B
N 2ILa5 OTP MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS (Continued)

T,=0°C to +70°C Typical

Symbol Parameter Ve Min Max @25°C Units Conditions
leet Standby Current 4.5V 12 04 mA HALT mode V,,=0V,
(Low Noise Mode) Ve, @1 MHz
5.5V 16 09 mA HALT mode V,, = OV,
Ve, @1 MHz
45V 15 05 mA HALT mode V,, = OV,
Ve, @2 MHz
5.5V 19 1 mA HALT mode V,, = OV,
V. @2 MHz
45V 20 0.8 mA HALT mode V,, = 0V,
V. @4 MHz
5.5V 24 13 mA HALT mode V,, = OV,
Ve, @4 MHz
leca Standby Current 45 10 1.0 WA STOP mode V,, =0V,
V. WDT is not Running
5.5V 10 1.0 M STOP mode V,, =0V,
V,c WDT is not Running
h Auto Latch Low Current 45V 10 6.0 WA V<V, <V
5.5 15 15 WA V<V, <V
(" Auto Latch High Current 45V -70 -3.3 PA 0V<Vy <V
5.5V -70 6.5 pA V<V, <V
Notes:
(] oy Typ  Max  Unit Freq
Clock Driven 03 5.0 mA 8 MHz
Crystal or Resonator 3.5 5.0 mA 8 MHz

[2] Ve =0V=GND
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Z86EQ4/E08 CMOS Z6° 8-Brr
N 2La5 OTP MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS

0
O

Clock

IRQ

Figure 23. Electrical Timing Diagram
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Z86EO4/E08 CMOS 28° 8-BiT
N 2iLa5 OTP MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Low Noise Mode

Ty=0°Cto +70°C
1 MHz 4 MHz
No  Symbol Parameter Vee ’ Min Max Min Max Units Notes
1 TpC Input Clock Period 45V 1000 DC 250 DC ns [11
5.5V 1000 DC 250 DC ns [1]
2 TiC,TfC Clock Input Rise 45V 25 25 ns {1
and Fall Times
5.5V 25 25 ns
3 TwC Input Clock Width 45V 500 125 ns [1
5.5V 500 125 ns [1]
4 TwTinL Timer Input Low Width 45V 100 100 ns [1]
5.5V 70 70 ns M1l
5 TwTinH Timer Input High Width 45V 2.5TpC 2.5TpC [1]
5.5V 2.5TpC 2.5TpC [1]
6 TpTin Timer Input Period 45V 4TpC 4TpC [1]
5.5V 4TpC 4TpC [1]
7 TrTin, Timer Input Rise 4.5v 100 100 ns [1]
TtTin and Fall Timer
5.5V 100 100 ns [1]
8 TwiL Int. Request Input 45V 100 100 ns 1.2
Low Time
5.5V 70 70 ns [1,2]
9 TwiH Int. Request Input 45V 2.5TpC 2.5TpC [1]
High Time
5.5V 2.5TpC 2.5TpC [1,21
10 Twdt Watch-Dog Timer 45V 15 15 ms 1]
Delay Time
5.5V 10 10 ms [1]
1 TPOR Power-On 45V 15 10 ms [1]
Reset Time 5.5V 15 10 ms (1]

Notes:
[1] Timing Reference uses 0.9V for a logic 1 and 0.1V for a logic 0.
[2] Interrupt request through Port 3 (P33-P31)

4-28



NS5

Z8GEQ4/E08
OTP

CMOS 2¢° 8-Brr
MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Standard Mode, Standard Temperature

T,=0°C to +70°C

8 MHz (E04) 12 MHz (E08)
No  Symbol Parameter Ve Min  Max Min Max Units  Notes
1 TpC input Clock Period 45V 125 DC 83 DC ns 1]
5.5V 125 DC 83 DC ns [1]
2 TrC,TiC Clock Input Rise 45V 25 15 ns 1]
and Fall Times
5.5V 25 15 ns
3 TwC Input Clock Width 45V 62 41 ns (1]
5.5V 62 4 ns [1
4 TwTinL Timer Input Low Width 45V 100 100 ns 1]
5.5V 70 70 ns 1
5 TwTinH Timer Input High Width 45V 5TpC 5TpC 1]
5.5V 5TpC 5TpC [1]
6 TpTin Timer Input Period 45V 8TpC 8TpC [11
55V 8TpC 8TpC 1]
7 TrTin, Timer Input Rise 45V 100 100 ns [1]
TtTin and Fall Timer
5.5V 100 100 ns [1]
8 Twil Int. Request Input 45V 100 100 ns [12]
Low Time
5.5V 70 70 ns 1,2
9 TwiH Int. Request Input 45V 5TpC 5TpC [1]
High Time
5.5V 5TpC 5TpC [1.2]
10 Twdt Watch-Dog Timer 45V 15 15 ms 11
Delay Time
55v 10 10 ms 1]
1 TPOR Power-On 45V 60 60 ms [1]
Reset Timer 5.5V 45 45 ms [1]
Notes:

[1] Timing Reference uses 0.7 V. for a logic 1 and 0.2V, for a logic 0.

[2] Interrupt request through Port 3 (P33-P31)
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ZBGEQ4/E08 CMOS 28° 8-Brr
OTP MICROCONTROLLER

Z8 CONTROL REGISTERS

R241 TMR
| o7]oefos o4 o3] o201 |00

TT L

No Function
Load TO

Disable TO Count
Enable T0 Count

No Function
Load T1

Disable T1 Count
Enable T1 Count

TIN Modes

00 External Clock Input
01 Gate Input

10 Trigger Input
{(Non-retriggerable)
11 Trigger Input
(Retriggerable)

~0 =0 40 =0

R d (Must be 0)

Figure 24. Timer Mode Register
(F1,: Read/Write)

R242T1
[o7]oe]ososfoofoe] o foo]

L—-_ T1 Initial Value

Ty Current Value
(When READ)

Figure 25. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1
forfoe Jos fos oo Joz ] o1 f o |

l— Count Mode

0=T4 Single Pass
1=Ty Modulo N

Clock Source
1=Ty Internal
0 = Ty External Timing Input
(Tn) Mode

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

Figure 26. Prescaler 1 Register
(F3,: Write Only)

R244 TO
|o7] o] 5] o4 ] o3| o2 fo1 | oo}

L-——- To Initial Value

'hen Written)
(Range: 1-256 Decimal
01-00 HEX)

To Current Value
(When READ)

Figure 27. Counter/Timer 0 Register
(F4,;: Read/Write)

R245 PREO
|o7] os] o5 D4 ] D3] D2 01] D0

I—— Count Mode

0=T, Single Pass

1=T, Modulo-n
Reserved (Must be 0.)
P ler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 28. Prescaler 0 Register
(F5,: Write Only)

R246 P2M
[o7|os] 05| 04| o3| o2 o1] 00}
I P2 - P2, IO Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

Figure 29. Port 2 Mode Register
(F6,;: Write Only)

R247 PaM
[p7] o8] 05| 04] D3] p2] D1 20 |

I— 0 Port 2 Pull-Ups Open-Drain
1 Port 2 Pull-Ups Active
Port 3 Inputs

0 Digttal
1Analog
Reserved (Must be 0.)

Figure 30. Port 3 Mode Register
(F7,;: Write Only)
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AN 2La5

Z86EQ4/E08 CMOS Z¢° 8-BiT
OTP MICROCONTROLLER

R248 POTM
|o7] o8| o5} 04] o3| p2| D1} Do |
l—— P03-P0y Mode

00 = Output

01 = Input
Reserved (Must be 1.)
Reserved (Must be 0.)

Figure 31. Port 0 and 1 Mode Register
(F8,: Write Only)

R249 IPR
| o7] os| 05| 04] 03] o2 o1] Do

T 1| T |

pt 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

0=IRQ1 > IRQ4
1=1RQ4 > IRQ1

0=IRQ2 > IRQO
1=1RQ0 > IRQ2

0=IRQ5 > IRQ3
1=IRQ3 > IRQ5

Reserved (Must be 0.)

Figure 32. Interrupt Priority Register
(F9,;: Write Only)

R250 IRQ
|o7] pe] 05| 04| p3] p2] o1] oo

I—— IRQO = P32 Input 4

IRQ1 = P33 Input {
IRQ2 = P31 Input L
IRQ3 = P32 Input T
IRQ4=TO
IRQ5 =T1

Reserved (Must be 0.)

Figure 33. Interrupt Request Register
(FA,: Read/Write)

IRQ1, IRQ4 Priority (Group C)

IRQO, IRQ2 Priority (Group B)

IRQ3, IRQS5 Priority (GroupA)

R251 IMR
|o7] 06] o5] p4] o3| p2] 01] o]

t 1 Enables IRQ0-IRQS

(g =IRQO)
Reserved (Must be 0.)
1 Enables Interrupts

Figure 34. Interrupt Mask Register
(FB,;: Read/Write)

Re52 Flags
|o7{oe|ps]o4| D3] o2 o1 |00}

| |-—— User Flag F1
User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overl Flag

Sign Flag

2Zero Flag

Carry Flag

Figure 35. Flag Register
(FC,: Read/Write)

R253 RP
EEEREREE
l—— Reserved (Must be 0)

Register Pointer

Figure 36. Register Pointer
(FD,: Read/Write)

R255 SPL

|o7| s ] o5 | o4 | o3| o2 | o1 | o |

I—-_'— Stack Pointer Lower

Byte (SP7 - SPg)

Figure 37. Stack Pointer
(FF,: Read/Write)
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Z86E04/E08 CMOS 28°
@ 2Lai5 OTP M%Eocmom
OPERATING MODES
Current 16
(mA) Icc at 5.5V

14

12 /

10

lcc at 4.0V

\

lect at 5.5V

/ K e lcc1 at4.0v

10 1 12
Frequency (MHz)

N
w
E-
(4]
o
~N
(]
©

Figure 38. Maximum |, and I, vs Frequency in Standard Mode

4-32



@ ZiL.CB ZBGEQ&IEPM CMOS Zg® O-Bl;

1

Current lcc at 5.5V
(mA) yd
10

Wa

6 / lcc at 4.0V

lect at 5.5V

1 loct at 4.0V

1 2 3 4 5 6 7 8 9 10 1 12
Frequency (MHz)

Figure 39. Typical I ; and |, vs Frequency in Standard Mode




N2La5

ZB6EO4/E08 CMOS Z28° 8-Brr
OTP MICROCONTROLLER

OPERATING MODES (Continued)

Current
(mA)

8

7

6

1.0 1.5

/ lec at 5.5V
P
>
7
/ g
/ lec at 4.0V
,l/
//
lec1 at 5.5V
lect at 4.0V
20 25 30 35 40

Frequency (MHz)

Figure 40. Typical .. and |.., vs Frequency in Low EMI Mode

Current n

(mA) 10

! .5V
/ cc at 5.5

Icc at 4.0V

lcc1 at 5.5V

" Icc1 at 4.0V

1.0 1.5

2.0

25

3.0 3.5 4.0
Frequency (MHz2)

Figure 41. Maximum I and i, vs Frequency in Low EMI Mode
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. Z86E04/E08 CMOS Z8° 8-Bi
N 2iIL05 OTP MICROCONTROLLER
Time 80 :
(ms)
75 4.0V
—
70
/
65
——
60 /./ — asv
55 __ M
| "1 5.0V
/
45 5.5V
" — —
—
35 T | Temp
-5°C 25°C 75°C
Figure 42. Typical POR Time Out Period vs Temperature
el
ms
A 4.0v
32 —
30 _—
28 "
=
/
26 = 4.5V
24 — | / r//
22 L 5.0V
/
18 1 B 5.5V
16 el
" T | Temp
-5°C 25°C 75°C

Figure 43. Typical WDT Time Out Period vs Temperature
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N 3LaB

ZB6EQ4/E08 CMOS Z8° 8-Bir
OTP MICROCONTROLLER

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

M 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 Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol Meaning

C Carry flag

z Zero flag

S Sign flag

\" Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined
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ZBGEMIEOB CMOS Z8° 8-Br

N 2iLa5 TP MICROCONTROLLER
CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 — Always true —

0111 C Carry C=1

1111 NC No Carry C=0

0110 z Zero Z=1

1110 NZ Not zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXOR V)=0

0001 LT Less than (SXORV)=1

1010 GT Greater than [ZOR (S XOR V)]=0

0010 LE Less than or equal [ZOR (S XOR V)]=1

1111 UGE Unsigned greater than or equal C=0

0111 uLtT 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)=t

0000 F Never true (Always False) —
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Z86E04/E08 CMOS Z8° 8-Bir
@ 2ILa5 OTP MICROCONTROLLER
INSTRUCTION FORMATS
GOF, DI, £, IRET, NOP,
RCF, RET, SCF
One-Byte Instructions
OPC | MODE CLR, CPL, DA, DEC, OPC | MODE ADC, ADD, AND, CP,
smime ] on [Ti70 Lamam ] SE0Miic, Ao IR () I e e
RR, RRC, SRA, SWAP dst orf1110] dst
oPC JP, CALL (Indirect)
dst or|1110] ast | oPC | MoDE ADC, ADD, AND, CP,
LD, OR, SBC, SUB,
dst orf1110] ot | vew i xom
OPC SRP VALUE
VALUE
MODE | OPG LD
OPC | MODE ADC, ADD, AND, CP, sre orf1110] src
dst src OR, SBC, SUB, TCM, dst or|1110] dst
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dst/sre | sro/dst LBC, Locl dst/src x
ADDRESS
dst/src I OPC LD
src/dst or|1110] s | oc | orc P
DAU
gt | orc ) DAL
VALUE
OPC CALL
dst/CC | OPC DJINZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY
Note: Assignment of a value is indicated by the symbol  notation "addr (n)" is used to refer to bit (n) of a given
"¢«". For example: operand location. For example:
dst « dst + src dst(7)

indicates that the source data is added to the destination  refers to bit 7 of the destination operand.

data and the resultis stored in the destination location. The
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ZB6E04/E08 CMOS Z8° 8-Brr
0“2“'“5 OTP MICROCONTROLLER
INSTRUCTION SUMMARY
Address  Opcode Address Opcode
Instruction Mode  Byte Flags Affected Instruction Mode  Byte Flags Affected
and Operation  dst src  (Hex) CZ S VDH andOperation  dst src (Hex) CZSVDH
ADC dst, src t 111 * % % % 0 % INC dst r (E - K ok % - -
dste—dst + src +C dste—dst +1 r=0-F
ADD dst, stc T 0] ¥ % % % 0 % :}2 g?
dste—dst + src
dste—dst AND src
CALL dst DA D6 T - - pams e BF * ok ok kK %
SP«SP -2 IRR D4 !
SP&SP +1
@SPPC, PC@SP
POedst SPe-SP+2;
CCF EF % - - - - - IMR(De1
CeNoTC JP cc, dst DA ) T - -
CLR dst R B0 - e - - - if cc is true, c=0-F
dste-0 IR B1 PCe—dst IRR 30
COM dst R 60 - % % 0 - - JR cc, dst RA B [
dste—NOT dst IR 61 if cC is true, c=0-F
PC&PC + dst
CP dst, src t AL % % % % - - Range:+127,-128
dst-src
LD dst, src r im rC [
DA dst R 40 % %k k X - - dste=src r R 8
dst<—DA dst IR 41 R 19
DEC dst R 0 T ® k% - - I
dste—dst—1 IR 01 X r 07
DECW dst RR 80 - ok ok ok - - r Ir B
dste—dst—1 R 81 Ir r F3
R R E4
DI L R R B
R IM E7
DJINZr, dst RA N - - - - - -
rer-1 r=0-F IR R F5
ifr#0 LDC dst, src ror G2 - - - - -
PCePG + st dste-sic
Range: +127,-128
LDCI dst, src Ir Ir C3 - - - - - -
El e dstesrc
IMR(7)e=1 fet+1:
HALT T - - - - - - e +1
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u 2Z86E04/E08 CMOS Z8° 8-BiT
N 2iLa5 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 1 - - - - -
OR dst, src t 4] - k%0 - - SUB dst, src t 201 k %k sk k% 1 ok
dste—dst OR src dste—dst—src
POP dst R 50 - SWAP dst R FO X % % X - -
dst—@SP; R 51 1 IR F1
SPSP +1 [7 —4]s o]
PUSH src R 70 N
SP«SP—-1; R 7 TCM dst, src t 6l 1 - % % 0 - -
@SPe-src (NOT dst)
AND src
RCF CF 0 - - - - -
Ce0 TM dst, src 1 7M1 - k% %k 0 - -
dst AND src
RET AF S
PC—@SP; WDH 4F - - - - - -
SPeSP+2 WDT 5F XXX - -
AL o P *RERCT Yomesc T Bl - ® %0 --

Ol

4]

dste—dst XOR src

RLC dst R 10 * %k k %k - - + These instructions have an identical set of addressing modes, which
1 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

!1

RR dst R E0 % % % % - - applicable addressing mode pair.
' 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 % %k k k - -
(= r+—— R C1 Address Mode Lower

] dst src Opcode Nibble
SBC dst, src t 31 * %k %k k 1 % r r [2]
dste—dst__src__C
SCF DF T — ' I 8]
Ce R R [4]
SRA dst R DO * % % 0 - -

R D1 R IR [5]

k= R M (6]

SRP dst Im A - - - - - IR IM [7]

RPe=sr¢
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AN 2iLa5

Z86E04/E08 CMOS Z6° 8-Br
OTP MicROCO!

INTROLLER
OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
65 65 65 65 105 | 105 10.5 105 65 65 [12/105[12/100] 65 [1210.0| 65
DEC | DEC ADD | ADD | ADD | ADD | ADD | ADD LD LD DINZ | JR LD JP INC
R1 IR1 1,12 | rt1,Ir2 |R2,R1 JIR2, R1 |R1,IM |IR1,IM | r1,R2 | r2,R1 |r1,RA [cc,RA [r1,IM [cc,DA | n
65 65 65 6.5 105 | 105 10.5 105
RLC | RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r,r2 |, Ir2 |R2,R1 [IR2, R1 |R1, IM }IR1, IM
6.5 6.5 65 65 105 | 105 105 10.5
INC INC SUB | SUB | SUB | suB SUB | SuB
R1 Rt | ri,r2 {1, 1”2 {R2,R1 IR2,R1 |R1, M {IR1, M
80 6.1 65 65 105 | 105 10.5 10.5
JP SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR1 M r,r2 | r, 2 |R2,R1 JIR2, R1 |R1, M |IR1, M
85 85 65 65 105 | 106 105 105 40
DA DA OR OR OR OR OR OR WDH
R1 R1 | r,r2 | ri, 2 |R2,R1 JIR2, R1 |R1, IM |IR1, M
105 105 65 65 105 | 105 105 105 50
POP | POP | AND | AND | AND | AND | AND | AND WDT
R1 IR1 r,r2 | ri,Ir2 |R2, R1 JIR2, R1 |R1, IM |IR1, M
65 6.5 65 65 1056 | 105 105 105 6.0
COM [ COM | TCM | TCM | TCM [ TCM | TCM | TCM STOP
) R1 IR1 r,r2 | ri,ir2 |R2,R1 [IR2, R1 |R1,IM |IR1, M
i 10/12.1 [12/1141]| 65 65 105 | 105 105 10.5 70
] PUSH [PUSH | ™ ™ ™ ™ ™ ™ HALT
E R2 R2 | r1,r2 | 1,12 |R2,R1 IR2,R1 |R1, IM |IR1, M
z 105 | 105 6.1
E DECW | DECW o
RR1 IR1
2 65 | 65 1
RL RL =]
R1 IR1
105 105 65 6.5 105 | 105 105 10.5 140
INCW | INCW | CP cP cP cpP cP cpP RET
RR1 IR1 r,r2 {ri, r2 |R2,R1 [IR2, R1 |R1,IM |IR1, M
6.5 65 65 65 105 | 105 105 10.5 ©16.0
CLR | CLR XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 r,r2 {r1,r2 {R2,R1 IR2,R1 |R1,IM [IR1, M
6.5 65 120 18.0 10.5 65
RRC | RRC | LDC | LDCI LD RCF
R1 IRt |r1,Im2 [irt, r2 r1,x,R2
6.5 65 20.0 200 | 105 65
SRA | SRA CALL* CALL | 1D SCF
R IR1 IRR1 DA Jr2xRt
6.5 65 6.5 105 | 105 105 105 65
AR AR LD LD LD [ LD CCF
R1 IR1 1, IR2 |R2, R1 JIR2, R1 |R1,IM |IR1, IM
85 85 65 105 60
SWAP |SWAP Y] D NOP
R1 IR1 I, r2 R2, IR1 ' ' L ' ' ' '
L - A > - A A >
“r~ v g T v
2 3 2 3 1
Bytes per Instruction
Lower Legend:
%;)dee R = 8-bit address
bb r = 4-bit address
Execution l Pipeline Rqor rq=Dst address
Cycles Roor ro= Src address
4 /
Upper 10.5 Sequence:
Opcode, First Operand,
ON' ibb: |: *A n?ﬁ? — Mnemonic Second Operand
Note: Blank areas not defined.
Fi Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction
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ZB6EO4/E08 CMOS 28° 8-Brr
OTP M

TP MCAOCONTROLLER
PACKAGE INFORMATION
. , SymBOL | MILLIMETER INCH
Fown B owe 1 s O B e B9 s B o B s B ) MIN MAX MIN MAX
f AL ost | ost | os0 | .32
q o a2 325 | 343 | 128 | 435
- 1 B 038 | 053 | 015 | o=
Fiaddiadi sl T Bl 114 165 | 045 | .065
€ c 023 | 038 | 005 | 015
b D 2235 |2337 | 880 | .920
E 762 | 843 | 300 | .320
- EL 622 | 648 | 245 | 255
2 2.54 TYP 100 TYP
o eA 787 | 889 | 310 350
L 318 | 381 [ 125 | ase
[N 152 | 165 | 060 | .065
s 089 | 165 | 035 | .065
— o pee
= CONTROLLING DIMENSIONS ¢ INCH
][ L
Al
el s B
18-Pin DIP Package Diagram
D o -y
] 1 E { L
HAAAAARAA i 1
1 H
q ¢ ;
LEELEELE 33—
10 e
a MILLIMETER INCH
r | _MILLIMETER
— T ] SYMBOL MIN MAX | MIN MAX
1 A A 240 | 265 | 094 | 104
.f o+ bt -t Al 010 030 | .004 o012
f / | a2 224 | 244 | 088 | .09
3 g 3 SEATING PLANE B 036 | 046 | 014 018
c 023 | 030 | 009 | 012
D 1140 | 175 | 449 | 463
E 740 | 760 | 291 | 299
CONTROLLING DIMENSIONS : MM [] 127 TP 050 TYP
LEADS ARE COPLANAR WITHIN .004 INCH. H 10.00 10.65 394 419
h 0.30 0.40 012 016
L 060 | 100 024 | 039
a1 057 °| 107 038 | 042

18-Pin 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

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 =S0IC

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 s aZ86E04, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

' L Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix
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PRODUCT SPECIFICATION

286C07

CMOS Z8° 8-BIT
MICROCONTROLLER

FEATURES

B Low Cost, 8-Bit CMOS MCU

H 2 Kbytes of ROM

B 124 Bytes of RAM

m 18-Pin Package (DIP, SOIC)

B 3.0t0 5.5 Volt Operating Range

B Low Power Consumption: 50 mW (typical)
B Low Voltage Protection

B ROM Protection

W Fast Instruction Pointer: 1 us @ 12 MHz
B Two Standby Modes: STOP and HALT

m Two Programmable 8-Bit Counter/Timers
Each with a 6-Bit Programmable Prescaler.

H 14 Input/Output Lines
B Three Digital Inputs at CMOS Levels

W Eleven Digital Inputs at CMOS Levels;
Schmitt-Triggered

B Extended Operating Range: —40°C to +105°C

B Six Vectored, Priority Interrupts from
Six Different Sources

B Clock Speeds: 8 and 12 MHz

B On-Board Power-On Reset Circuit

B Permanently Enabled Watch-Dog Timer

B TwoComparators with Programmable Interrupt Polarity.

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

GENERAL DESCRIPTION

The Z86C07 Microcontroller Unit (MCU) is amember of the
Z8® single-chip microcontroller family with 2 Kbytes of
ROM and 124 bytes of general- purpose RAM. Offered in
an 18-pin (DIP, SOIC) package style and manufactured in
CMOS technology, Zilog's low cost, low power consump-
tion Z86CO07 offers all the outstanding features of the Z8
family architecture, including easy software/hardware sys-
tem expansion.

For applications demanding powerful I/O capabilities, the
Z86C07 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/O, timing, and
status signals. The Z86CO07 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 Z86CO07 is characterized by a flexible /O 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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Z86C07 CMOS 28
8-BIT MICROCONTROLLER

GENERAL DESCRIPTION (Continued)

To unburden the system from coping with real-time tasks,
such as counting/timing and I/O data communications, the
Z86C07 offers two on-chip counter/timers with a large
number of user selectable modes (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- Connection Circult Device
parators, counter/timer(s)and permanently enabled Watch-
Dog Timer (WDT), the Z86C07 meets the needs of a variety Power Voo Voo
of sophisticated controller applications. Ground GND ss
Input Vee GND XTAL
Machine
Port3 <-— > Timing & Inst.
ll Control
Counter/
Timers (2) <: ALU
FLAG ]
Interrupt Prg. Memory
Control <—_T 2048 x 8-Bit
Register ﬂ
Two Analog Pointer 5
<; rogram
Comparators Register File c,,fme,
144 x 8-Bit

i 1]

Port 2

Port 0

g

(Bit Programmable)

BE

Figure 1. Z86C07 Functional Block Diagram
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286C07 CMOS 28*
_@ 2Lai5 8817 MICROCONTROLLER

PIN DESCRIPTION

N\ Table 1. 18-Pin DIP and SOIC Pin Identification
p2a [] 1 18 |1 P23 Pin# Symbol Function Direction
p2s [ 2 17 O p22 ,

1-4 P24-P27 Port2, Pins 4,5,6,7 In/Output
P26 [] 3 16 [ P21 5 v, Power Supply
p7 [ 4 15 1 P20 6  XIAL2 Crystal Oscillator Clock  Input
Z86C07 7 XTAL1  Crystal Oscillator Clock  Output
vee [0 s “pp 14 [1 eno 8 P31 Port3,Pin1, ANT Input
xaz [] 6 13 [1 Po2 9 P32 Port 3, Pin 2, AN2 Input
xTaLt [ 7 12 [ Pot 10 P33 Port3, Pin 3, REF Input
N 11-13 PO0-PO2 Port 0, Pins 0, 1, 2 In/Output
P31 [] 8 1 P00 14 GND  Ground
paz [] o 10 [J P33 15-18 P20-P23 Port2,Pins0,1,2,3  In/Output
Figure 2. 18-Pin DIP Pin Configuration
\
P2a [ ] 1 18] P23
ps 1| 2 17 ] Pe2
P[] 3 16 [ P21
P27 (] 4 15 [ ][] P20
286C07
Vee [T 5 soic 14 [T ] eNo
xmai2 [ 6 13 [T oz
xtaLt [T} 7 12 "] Pot
pat [ | 8 1 [T Poo
Pz [T ] ¢ 10 [T pas

Figure 3. 18-Pin SOIC Pin Configuration
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PIN FUNCTIONS

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.

Port 0 (P02-P00). Port O is a 3-bit I/O, nibble program-
mable, bidirectional, CMOS compatible /O port. These
three I/O lines can be configured under software control to
be inputs or outputs (Figure 4). Inputs are Schmitt-trig-
gered.

MCU -

Port 0 (1/0)

OEN DO

PAD

Out

1.5 < 2.3 Hysteresis Vcc @ 5.0V

In A

>
>

777

N

Figure 4. Port 0 Configuration
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286C07 CMOS Z8*
8-BIT MICROCONTROLLER

Port 2 (P27-P20). Port 2 is an 8-bit 1/O, bit programmable,
bidirectional, CMOS compatible I/O port. These eight I/O
lines can be configured under software control to be inputs

or outputs, independently. Bits programmed as outputs
may be globally programmed as either push-pull or open-
drain (Figure 5). Inputs are Schmitt-triggered.

MCU

™ > Port2(l0)

Open Drain

OEN Dc

>

PAD

Out

1.5 «—» 2.3 Hysteresis Vcc @ 5.0V /77

In /E]

N

Figure 5. Port 2 Configuration
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Z86C07 CMOS Z8°
8-BIT MICROCONTROLLER

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 input
lines can be configured under software control as digital

inputs or analog inputs. These three inputlines can also be
used as the interrupt sources IRQ0-IRQ3 and as the timer
input signal (T,,) (Figure 6).

'\
f—y—————
MCU e SR —— Port 3
e e e ——
S
247 = PaM
1 =Anal
| G e
me.l pat
PAD —
P31 (AN1) - ey 3:; Laten
[ >_nr
1
— I
i IRG3
P32
Data Latch
PAD l—o\_ —
D P32 (AN2) o— »- [RQO
+ ]
1
I
| i - I
P33 (REF) !
PAD Y

/

I,_b P33
e Datalatch

0~

)

IRQ1

IRQ 0,1,2 = Falling Edge Detection

IRQ3

= 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, A/D 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

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, through P31. Alternatively, 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 Plus 18 clock cycles, and then starts program

execution at address %000C (HEX) (Figure 7). Reference
the Z86C07 control registers' Reset value (Table 2).

INT OSC XTALOSC
POR 1 !
(Cold Start)
Delay Line 18 CLK
Tror Reset Filter
P27
(Stop Mode)

Figure 7. Internal Reset Configuration

Chip
Reset

Table 2. Z86C07 Control Registers

Reset Condition

Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Commenis

F1 T™MR 0 0 0 0 0 0 0 O

F2 T uuUuuuuuuuy

F3 PREl U U U U U U 0O

F4 TO U uUuuUuuuuuu

F5 PREO U U U U U U U DO

F6* PM 1 1 1 1 1 1 1 1 Inputsafter
reset

F* PMM U U U U U U 0O

FB* POIM U U U O U U 01

F9 PR U U U U U U UU

FA IR&R U U 0 0 0 0 0 0 IRQ3is
used for
positive
edge detec-
tion

PB MR 0 U U U U U U WU

PC FIAGS U U U U U U U U

FD RP 0 0 0 0 0 0 0O

FE SPH U U U U U U U U Notused,
stack
always
internal

FF SPL U U U U U U UWU

Note:

* Registers are not reset after a STOP-Mode Recovery using P27 pin.
Asubsequentreset 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.

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.

2048
Location of On-Chip
First Byte of ROM
Instruction
Executed \ _____________
After RESET 12 [
" IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt 7 IRQ3
Veator 6 IRQ3
(Lower Byte) ™|
5 ™ IRQ2
v
Interrupt A4 IRQ2
Vector 3 IRQ1
(Upper Byte)
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 |/O port
registers, 124 general-purpose registers, and 15 control
and status registers (R3-R0, 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 Indentifiers
255 Stack Pointer (Blts 7-0) SPL
254 General Purpose Register
253 Register Pointer RP
252 Program Control Flags Flags
251 Interrupt Mask Register IMR
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode POIM
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 TO Prescaler PREO
244 Timer/Counter O To
243 T1 Prescaler PRE1
242 Timer/Counter 1 ™
24 Timer Mode TMR
240 Not Implemented
128
127

General Purpose
Registers
4
3 Port3 P3
2 Port2 P2
1 Reserved P1
0 Port0 PO

Figure 9. Register File

(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
occursinthe V. voltage-specified operating range. Note:
Register R254 has been designated as a general-purpose
register.

[ﬂmrsmrrsnznro]nzsa
(Register Pointer)
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.
FF
o R15to RO
FO
*
70
6F
60
SF
50
4F
T— The lower nibble
;g gf thedd gl
le address
| I— Specified Working <@~ provided by th
a0 Register Group p bypoi:g
oF to the specified
S register.
20
1F
— Register Group 1 R15to RO
10
oF Register Group 0 R15to R4
/O Ports R3to RO
00

Figure 10. Register Pointer

5-8
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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/Timer. There are two 8-bitprogrammable 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
(1to 256) thathas 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 (P30) as an external

clock, atrigger inputthatisretriggerable or notretriggerable,
or as a gate input for the internal clock.

Internal Data Bus

wioy 1)

Write 1L Read ﬁ
0osC * *
PREO TO TO
Initial Value Initial Value Current Value
{y Register Register Register
2| U I} ]
6-Bit 8-Bit
1 4 [ Down Rt Down
Counter Counter b= |RQ4
¢—— Internal
Clock
External Clock
Clock -
Logic 6-Bit 8-Bit > |RQ5
»{ 4 Down > Down |
\ Counter Counter ﬁ
Internal Clock ﬁ ﬁ
Gated Clock PRE1 T T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31
IN Write ' jr Write ' TT Read w
Internal Data Bus

* Note: Divide-by-two is not used in Low EMI Mode.

Figure 11. Counter/Timers Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Interrupts. The Z86C07 has sixinterrupts 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 ZB6C07 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.

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 Zilog's
C12ICEBOX™emulator. Therising edge interruptis not
supported on the Z86 CCPO0ZEM emulator.

Table 3. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQ0  AN2(P32) 0,1 External (F)Edge
IRQ1  REF(P33) 2,3 External (F)Edge
IRQ2  AN1(P31) 45 . External (F)Edge
IRQ3  AN2(P32) 6,7 External (R)Edge
IRQ4 TO 8,9 Internal

IRQR5 T1 10,11 Internal

Notes:

F = Falling edge triggered
R = Rising edge triggered

IRQO - IRQ5

4

IRQ
IR l 1 ‘
1 | I ] |
IMR
6
A
Global IPR
Interrupt
Enable lL
Interrupt ° PRIORITY
Request LOGIC

U

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
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT
cut, 12 MHz max, with a series resistance (RS) less than or
equal to 100 Ohms.

The crystal should be connected across XTAL1and XTAL2
using the vendor's crystal recommended capacitors from
each pin directly to device ground pin 14 (Figure 13).

Note that the crystal capacitor loads should be connected
to Vg, 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 IRQS3 re-
main active. The device can be recovered by interrupts,
either externally or internally generated. The program
execution begins at location 000C (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 pA. The STOP Mode can be
released by two methods. The first method is a RESET of
the device by removing V.. The second method is if P27
is configured as aninput 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 000C (HEX). However, when P27 is used torelease the
STOP Mode, the I/O port mode registers are not
reconfigured to their default power-on conditions. This

Ceramic
Resonator
or Crystal

prevents any |/O, configured as output when the STOP
instruction was executed, from glitching to an unknown
state.

Touse the P27 release approach with STOP Mode, use the
following instruction:

LD P2M, #1XXXXXXXB

NOP

STOP

X = depends on user's application

Inorder to enter STOP or HALT mode, itis 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 (WDT). The Watch-Dog Timer is per-
manently enabled. The WDT should be refreshed at least
every Twdt; otherwise, the Z86CO07 resets itself.

WDT = 5F (HEX).

Opcode WDT (5FH). Execution of this command clears
the WDT counter. This has to be done at least every Twdt.
Otherwise, the WDT times out and generates a Reset. The
generated Reset is the same as a Power-On Resetof T,
plus 18 XTAL clock cycles. The WDT instruction affects the
Flags accordingly: Z=1,S=0,V=0.

XTAL1 XTAL1
XTAL2 XTAL2
External Clock

Figure 13. Oscillator Configuration
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8-BIT MICROCONTROLLER

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 LDCI (Z86C04/C08 and Z86E04/E08 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,,) is less than 3 volts and above 1.4 volts under
the following conditions:

Maximum (V,,) Conditions:

Case 1: T,=-40°C, +105°C, Internal Clock Frequency

equal or less than 1 MHz

Case 2. T,=-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

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,,) 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 —40°C 0°C +25°C +70°C +105°C
Vi 2.55 2.4 2.1 1.7 1.6

(Volts)

2.60

2.40

2.20
N

2.00

1.80

vLV (Typical)

1.60

N

N

1.40

N

40 60 80 100 120 140
Temperature (°C)

Power-On Reset threshold for V. and 4 MHz V,, overlap

Figure 14. Typical Z86C07 V,, vs Temperature
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. 286C07 CMOS Z6°
N 205 8:BT MCROCONTROLLER

ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units
Ambient Temperature under Bias -40 +105 °C
Storage Temperature -65 +150 °C
Voltage on any Pin with Respect to V (Note 1) -0.6 +12 v
Voltage on V,, Pin with Respect to V -0.3 +7 v
Voltage on Pin 7 with Respect to V¢ (Note 2) -0.6 Voot \
Total Power Dissipation 462 mw
Maximum Current out of Vg 85 mA
Maximum Current into V,, 85 mA
Maximum Current into an Input Pin (Note 3) +600 A
Maximum Current into an Open-Drain Pin (Note 4) 1600 HA
Maximum Output Current Sinked by any /O Pin 12 mA
Maximum Output Current Sourced by any /O Pin 12 mA
Total Maximum Output Current Sinked by Port 2 70 mA
Total Maximum Output Current Sourced by Port 2 70 mA
Notice:

Stresses above those listed under Absolute Maximum  Notes:

Ratings may cause permanent damagetothe device. This  [1] This applies to all pins except where noted.

is astress rating only and functional operation of the device Maximum current into pin must be £600 pA.

at those or any other conditions above those indicated in  [2] There is no input protection diode from pin to Voo
the operation listings of this specification is not implied.  [3] This excludes Pin 7 and Pin 8.

Exposure to maximum rating conditions for extended  [4] Device pin is not at an output Low state.

periods may affect device reliability. Total power dissipa-

tion should not exceed 616 mW for the package. Power

dissipation is calculated as follows:

Total Power Dissipation = V; X [l = (sum of I,)] + sum of [(V-V,) X Ig,] + sum of (V, x |,,)
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Q205

286C07 CMOS Z6*
8-BIT MICROCONTROLLER

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).

From Output
Under Test

* 150 pF
I I

Figure 15. Test Load Diagram

CAPACITANCE
T,=25°C, V. = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND
Parameter Min Max
Input capacitance 0 10 pF
Output capacitance 0 20 pF
I/O capacitance 0 25 pF
V.. SPECIFICATION
Vo = 3.0Vto 5.0V
Typicals are at 3.3V and 5.0V.
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. 286C07 CMOS Z8*
N 2iLa5 8-BIr MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS

T,=0°C 0 +70°C T,=-40°C 10 +105°C  Typical

Sym  Parameter V(41  Min Max Min Max @25°C Units  Conditions
Veu Clock Input High 3.0V 08V, V0.3 08V,  Vi+03 1.7 v Driven by External
Voltage Clock Generator
5.5V 08V, V03 08V, V03 275 v Driven by External
Clock Generator
Ve, Clock Input Low 3.V V03 0.2V, V03 02V, 08 v Driven by External
Voltage Clock Generator
5.5V Ve 03 02V, V03 02V, 15 v Driven by External
Clock Generator
Viu Input High Voltage 3.0V 07Ve V403 07Vy  Vet03 1.8 v
5.5V 07Vy V403 07V,  V+03 2.8 v
v, Input Low Voltage 3.0V V03 02V V03 02V 0.8 )
5.5V V03 0.2V, V03 02V 15 v
Vou Output High Voltage 3.0V V04 V04 27 v lyy=—2.0mA[5]
5.5V V0.4 V04 55 v loy=—2.0mA[5]
3.0V V04 V04 v Low Noise @ 0.5 mA
5.5V V04 Ve 0. v Low Noise @ 0.5 mA
Vo,  OutputLow Voltage 3.0V 0.8 08 03 v lo, =+4.0 mA[S]
5.5V 04 04 0.2 v lo,=+40 mA[5]
3.0V 0.4 04 v Low Noise @ 0.5 mA
5.5V 04 04 v Low Noise @ 0.5 mA
Vo,  OutputLow Voltage 3.0V 1.0 1.0 0.8 v lo =+12mA,
3 Pin Max (5]
5.5V 08 08 0.3 v o =+12mA,
3 Pin Max [5]
Vs COmparator Input 3.0V 25 25 10 mv
Offset Voltage 5.5V 25 25 10 mv
Vi V. Low Voltage 27 2.95 2.1 v @1 MHz Max,
Int. CLK Freq
e Input Leakage 3.0V -1.0 1.0 -10 1.0 A Vy=0V,V,
5.6V -1.0 10 -10 1.0 1A =0V, Ve
o Output Leakage 3.0v -1.0 1.0 -1.0 1.0 A V=0V, V.
5.5V -1.0 1.0 -10 1.0 A Vy=0V,V,
Viow  Input Common 0 V=100 Vi —15 v
Mode Range
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. 286C07 CMOS 28*
_@ 205 8-BIT MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS (Continued)

T,=0°Cto+70°C  T,=-40°Cto +105°C Typical

Sym  Parameter Veol41 Min  Max Min Max @25°C Units Conditions
lee Supply Current 3V 80 pA  Alloutputand I/0 Pins
Floating @ 32 kHz [7]
5.5V 70 70 35 mA Al Output and I/0 Pins
Floating @ 2 MHz
3.0v 5.0 8.0 2.5 mA Al Output and I/0 Pins
Floating @ 8 MHz
5.5V 1.0 1.0 5.3 mA Al Output and |/O Pins
Floating @ 8 MHz
3.0v 75 10 3.0 mA All Qutput and I/0 Pins
Floating @ 12 MHz
5.5V 15 15 75 mA All Output and I/0 Pins
Floating @ 12 MHz
loy  StandbyCument 3.0V 25 25 07 mA  HALT Mode V,,= OV,
V. @2 MHz
5.5V 40 5.0 2.0 mA  HALT Mode V, =0V,
Vo, @2 MHz
3.ov 30 40 1.0 mA HALT Mode V,, = OV,
V. @8 MHz
5.5V 5.0 5.0 28 mA HALT Mode V= 0V,
V., @8 MHz
3.0v 45 45 1.5 mA HALT Mode V,, = OV,
Ve @12 MHz
5.5V 70 70 40 mA HALT Mode V,, = 0V,
V. @12 MHz
lee Supply Current 3.ov 35 35 1.0 mA All Output and I/ Pins
(Low Noise Mode) Floating @ 1 MHz
5.5V 70 70 2.8 mA Al Qutput and I/O Pins
Floating @ 1 MHz
3.0V 58 5.8 15 mA Al Qutput and |/0 Pins
Floating @ 2 MHz
55V 9.0 9.0 35 mA  All Qutput and I/O Pins
Floating @ 2 MHz
3.0v 8.0 8.0 20 mA Al Qutput and //O Pins
Floating @ 4 MHz
5.5V 1.0 1.0 54 mA Al Qutput and I/0 Pins
Floating @ 4 MHz
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AF= Ve o Mrocomso.
T,=0°Cto+70°C  T,=-40°C10+105°C  Typical
Sym  Parameter V. [4]1 Min Max Min Max @ 25°C Units  Conditions
leet Standby Current 3.0V 12 12 0.3 mA  HALT Mode V,,= 0V,
(Low Noise Mode) Ve @1MHz
5.5V 1.6 1.6 0.5 mA HALT Mode V,, = 0V,
Ve @1MHz
3.ov 1.5 15 0.5 mA HALT Mode V,, = OV,
V. @2MHz
5.5V 1.9 19 1 mA HALT Mode V,, =0V,
Ve @2 MHz
3.0v 20 20 0.9 mA HALT Mode V,, = OV,
Ve @4MHz
5.5V 24 24 1.6 mA HALT Mode V,, = OV,
Ve @4 MHz
leca Standby Current 3.ov 10 20 1.2 A STOP Mode V,, =0V,
Ve WOT is not Running
5.5V 10 20 2.0 A STOP Mode V,, =0V,
Ve WDT is not Running
Notes:
1] Vo Typ Max Unit Freq
Clock Driven 0.3 5.0 mA 8 MHz
Crystal/Resonator 35 5.0 mA 8 MHz

[2] Vg =0V=GND

[3] For2.75V operating, the device operates down to V,,,. The minimum
operational V. is determined on the value of the voltage V,, at the
ambient temperature. The V,, increases as the temperature de-
creases.

[4] The V., Voltage specification of 3.0V guarantees 3.3V +0.3V and
V. voltage specification of 5.5V guarantees 5.0V £0.5V.

[5] Standard Mode (not Low EMI Mode)

[6] Excludes clock pins.

[7] CL1 =100 pF, CL2 = 220 pF, RF = 30 kOhms.
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Z86C07 CMOS 280
N 2ILaB 881 MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS
Timing Diagrams

Clock

Figure 16. Electrical Timing Diagram
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. 286C07 CMOS 28*
o‘i 2ILaB 8-BrT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Timing Table (Standard Mode)

T, =-40°C to +105°C
8 MHz 12 MHz
No Symbol Parameter V3] Min  Max Min  Max Units  Notes
1 TpC Input Clock Period 3.0V 125 DC 83 DC ns [1]
5.5V 125 DC 83 DC ns (1]
2 TiC,TiC Clock Input Rise 3.0v 25 15 ns [1]
and Fall Times 5.5V 25 15 ns
3 wC Input Clock Width 3.0V 62 4 [
5.5V 62 41 ns (1]
4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1]
55V 70 70 ns 1
5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 1
5.5V 5TpC 5TpC [l
6 TpTin Timer Input Period 3.0V 8TpC 8TpC 1]
5.5V 8TpC 8TpC (1]
7 TrTin, Timer Input Rise 3.0v 100 100 ns (1]
TtTin and Fall Timer 5.5V 100 100 ns 1
8 TwiL Int. Request Input 3.0V 100 100 ns [1,2]
Low Time 5.5V 70 70 ns [1.2]
9 TwiH Int. Request Input 3.0V 5TpC 5TpC [1]
High Time 55V 5TpC 5TpC (1,21
10 Twdt Watch-Dog Timer 30V 25 25 ms [1,4]
Delay Time 5.5V 5 5 ms [14]
1 Tpor 30v 24 24 ms 1
55V 12 12 ms [1]

Notes:
[1] Timing Reference uses 0.7 V, for a logic 1 and
0.2V, for alogic 0.
[2] Interrupt request through Port 3 (P33-P31).
[3] The V.. Voltage specification of 3.0V guarantees 3.3V £0.3V
and V,,, voltage specification of 5.5V guarantees 5.0V £0.5V.
[4] Length of time before WDT times out.
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N 2105

286C07 CMOS 26*
8-BIT MICROCONTROLLER

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:

B Less than 1 mA consumed during HALT mode, -0°C
to +70°C.

B All pre-driver slew rates reduced to 10 ns typical.

B Internal SCLK/TCLK = XTAL operation limited to a
maximum of 4 MHz - 250 ns cycle time.

B Outputdrivers have resistances of 200 ohms (typical).

W Oscillator divide-by-two circuitry eliminated.

The Low EMI mode is mask-programmabile 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 Z86CO07 in three states: (1) Idle condition; (2)
static output; (3) switched output.

Near Field EMI Analysis

Z86C07 Low Noise
-70
—
5 -75
A
°
>
3
3 0
(-9
30-60 140-160 300-400 700-1000
Frequency (MHz)
Idle
.............. Static
Switch

Figure 17. Low Noise Analysis
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Q2305

286C07 CMOS 28*
8-BIT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Low Noise Mode

T,=0°C to +70°C T,=-40°C to +105°C
1 MHz 4 MHz 1 MHz 4 MHz
No Symbol Parameter V31 Min Max Min Max Min Max Min Max Units Notes
5 TwTinH  Timer Input High Width 3.0V 25TpC 2.5TpC 2.5TpC 2.5TpC [l
55V 25TpC 2.5TpC 2.5TpC 2.5TpC [
6 TpTin Timer Input Period 30V 41pC 4TpC 4TpC 4TpC 1]
55V 41pC 41pC 4TpC 4TpC [l
7  Tiin, 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 30V 100 100 100 100 ns (1,2
Low Time 55V 70 70 70 70 ns [1,2]
9 TwH Int. Request Input 3.0v  25TpC 2.5TpC 2.5TpC 2.5TpC {11
High Time 55V 25TpC 2.5TpC 2.5TpC 2.5TpC 1,21
10 Twdt Watch-Dog Timer 3V 25 25 25 25 ms  [14]
Delay Time 55V 5 5 5 5 ms  [1,4]

Notes:
[1] Timing Reference uses 0.7 V. for alogic 1 and 0.2V for alogic 0.
[2] Interrupt request through Port 3 (P33-P31).
[3] The V. Voltage specification of 3.0V guarantees 3.3V +0.3V
and V, voltage specification of 5.5V guarantees 5.0V +0.5V.
[4] Length of time before WDT times out.
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N 205

286C07 CMOS 28°
8-BIT_MICROCONTROLLER

Z8 CONTROL REGISTER DIAGRAMS

R241 TMR
|o7] o8] o5 p4] 03] p2] 1] Do
I—— No Function

Load Tg

Disable T 5Count
Enable TqCount

No Function
Load T4

Disable T 4 Count
Enable T4Count

TNy Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

Reserved (Must be 0.)

—_-O =0 40 =0

Figure 18. Timer Mode Register
(F1,: Read/Write)

R242 T4
|o7|oe] os]o4] oafo2fo1] oo}

L—— Ty Initial Value

n Written)
(Range 1-256 Decimal
01-00 HEX)

T4 Current Value
(When READ)

Figure 19. Counter Time 1 Register
(F2,: Read/Write)

R243 PRE1
EEEEEEEE|
I— Count Mode

0 T Single Pass
1 T4 Modulo

Clock Source

1 Tqinternal

[} T1Exmma| Timing Input
(T )M

Pr Modulo

(Range 1-64 Decimal

01-00 HEX)

Figure 20. Prescaler 1 Register
(F3,;: Write Only)

R244 TO
[o7Jos Jos [ o4 [ oo o2 o1 | oo

I———— To Initial Value

len Written)
(Range: 1-256 Decimal
01-00 HEX)
To Current Value
(When READ)

Figure 21. Counter/Timer 0 Register

(F4,;: Read/Write)
R245 PREO
|o7] os] o5 o4] 03] p2] 01] 0o}
I'— Count Mode
0 TSingle Pass
1 ToModulo-n
Reserved (Mustbe 0.)
Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)
Figure 22. Prescaler 0 Register
(F5,;: Write Only)
R246 P2M

|o7] os] os| o4 oa | 02| o1 [0 }

0 Deﬂnes Bit as OUTPUT
1 Defines Bit as INPUT

Figure 23. Port 2 Mode Register
(F6,;: Write Only)

R247 P3M
[o7] o8] 5] 04] D3] p2] o1] D0 }

I—— 0 Port 2 Pull-Ups Open Drain
1 Port 2 Pull-Ups Active
Port 3 Inputs

0 Digital
1 Analog

R d (Must be 0.)

Figure 24. Port 3 Mode Register
(F7,;: Write Only)
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Q2305

286C07 CMOS 2g*
8-BIT MICROCONTROLLER

R248 POIM
|D7|Ds|os|o4[oa|02 o1] oo

I__v PO, - PO Mode

00 = Input
01 = Input

Reserved (Must be 1.)
Reserved (Must be 0.)

Figure 25. Port 0 and 1 Mode Register
(F8,;: Write Only)

R249 IPR
|o7] o8] os| 04] 03] p2] 01] Do

T | C |

001 C>A>B
010 A>B>C
01t A>C>B
100 B>C>A
101 C>B>A
10 B>A>C
111 Reserved

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

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

IRQ3, IRQS5 Priority (Group A)
0 IRQ5 > IRQ3
1 IRQ3>IRQ5

Reserved (Must be 0.)

Figure 26. Interrupt Priority Register
(F9,: Write Only)

R250 IRQ
EEEEEEEE

L—_— IRQO = P32 Input

1RQ1 = P33 Input
IRQ2 = P31 Input
1RQ3 = P32 Input
IRQ4=T0
IRQ5=T1

R d (Must be 0.)

Figure 27. Interrupt Request Register
(FA,: Read/Write)

R251 IMR
|o7] os| os] p4] 3] p2| 01| 0|
T i s s
(Dg = IRQO)
Reserved (Must be 0.)

1 Enables Interrup

Figure 28. Interrupt Mask Register
(FB,: Read/Write)

R252 Flags
|o7|os]os |04 ]3| o2 D1 | o}

|_' User Flag F1

User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 29. Flag Register
(FC,: Read/Write)

R253 RP
|o7] oe] o5 p4| p3] p2] p1] o]
I—— Must be 0.
Register Pointer
Figure 30. Register Pointer
(FD,: Read/Write)
R255 SPL

EEEERED0
I_—__ Stack Pointer Lower

Byte (SPq - SP7)

Figure 31. Stack Pointer
(FF,: Read/Write)
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; 286007 CHOS 26°
N 2iL05 -8 MCROCONTROLLER

DEVICE CHARACTERISTICS

lec (mA) 15.0 75'5"
14.0

13.0 /

Legend:
/ HAL;“ —————

12.0 Active
1.0

10.0

9.0 /

8.0 =

30V
7.0 Z /lé;-s-sv—

6.0 o

50
—
40 = <

\

30 *-___- ———t

20

1.0
0

2 4 6 8 10 12 14
Frequency (MHz)

Figure 32. Maximum | . vs Frequency

Icc (mA)
)

12.0

1.0

10.0
9.0
8.0

_955V

7.0
P
6.0

5.0

40 — —

30 a]

2.0
(% l __L——ga0v
1.0
Frequency

0 2 4 6 8 10 12 14 7 (MHz)

HALT ————
Active

Figure 33. Typical |, vs Frequency
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N2L05

286C07 CMOS zg8*
8-Br MICROCONTROLLER

Vee

|
6.0

(Voit)

55

5.0

4.5

4.0

3.5

3.0

25

2.0

15

1.0

5

Vee (Volt)

4

e T,
0 20 40 60 80 100 120 (c°

Figure 34. V

v VoL VS Temperature

6.0

55

pr—wer—w 5.5V

5.0

4.5

4.0

3.5

3.0

5.5V

|

3.0v

25

20

3.0v

1.5

1.0

-60

-40

-20

0 20 40 60 80 100 120

Vo Vvs Temp — —

Vi vs Temp

Figure 35. V,, V,, vs Temperature
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. 286C07 CMOS 28°
N 205 8.8 MCROCONTROLLER

DEVICE CHARACTERISTICS (Continued)

lon

(mA)

A

20 30 40 50 60 v
0 7 > vdlh
20 H
H

-3.0 7 1+
-4.0 I

sol—/{]
ol L] a1

7.0 _125{_2{' Larc 125 140
-8.0
-y
Figure 36. Typicall,, vsV,,
1oL (MA)

N
A‘,‘? ) Lo

30 2
y Q &% o N
° S 4 ‘,‘J 59
o S

0 05 1.0 15 20 25 Vg (Volts)

Figure 37. Typical |, vs V,
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Q2305

286C07 CMOS Z8*
8-BiT MICROCONTROLLER

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 Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol Meaning

C Carry flag

z Zero flag

S Sign flag

\ Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined
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@ alm c-B"_ZSGCW CMOS LZLEQ;
CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 - Always true -

o111 C Carry C=1

1111 NC No Carry C=0

0110 z Zero Z=1

1110 NZ Not zero Z=0

1101 PL Plus §=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXORV)=0

0001 LT Less than (SXORV) =1

1010 GT Greater than [ZOR(SXORV)]=0
0010 LE Less than or equal [ZOR (S XOR V)] =1
1111 UGE Unsigned greater than or equal C=0

0111 ULT Unsigned less than C=1

1011 UGT Unsigned greater than (C=0ANDZ=0)=1
0011 ULE Unsigned less than or equal (CORZ)=1

0000 F Never True (Always False) -
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CMos zg®

N 2ILa5 88 MCROCONTROLLER
INSTRUCTION FORMATS
CF, DL E1, FET, NOP,
RCF, RET, SCF
One-Byte Instructions
OPC | MODE CLR, CPL_ DA DEC, OPC | MODE ADC ADD, AND, CP.,
DECW, INC, INCW, LD, OR, SBC, SUB,
dst/src or [ 1110 | dsusre | B5E BusH AL RLC, stc orl1110] se | o xoR
RR, RRC, SRA, SWAP dst orl 1110 dst
OPC JP, CALL (Indirect)
dst orl1110] st | OPC | MODE ADC, ADD, AND, CP,
LD, OR, SBC, SUB,
det orf1110] & | Tciw i xOR
OPC SRP VALUE
VALUE
MODE | oPC LD
OPC | MODE ADC, ADD, AND, CP, src orfi1110] s
ast | st o o, SuB. ToM. dst orf1110] ast
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dst/src | src/dst LDC, Lo dst/src X
ADDRESS
dstisrc | OPC LD
srcldst orfl1110] src | cc | OPC JP
DAU
ast | orc D DAL
VALUE
OPC CALL
dst/CC | OPC DJNZ, JR DAU
RA DAL
FFH STOPHALT
6FH | 7FH
Two-Byte Instructions Three-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 resultis stored in the destination location. The

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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. 286C07 CMOS Z8°
QZJLCE 8-BIT MICROCONTROLLER

INSTRUCTION SUMMARY (Continued)

Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byte(Hex) C Z S V D H
ADC dst, src t 11 * % 3k 3k 0 % INC dst r rE - %k ok ok - -
dste—dst + src +C dste—dst +1 r=0-F
R 20
ADD dst, src t 0] %k % %k % 0 % R 21
dste—dst + src
INCW dst RR A0 - %k %k ok - -
AND dst, s1c t S R R R A
dste—dst AND src
IRET BF * %k k k k%
CALL dst DA D6 - - = = - = FLAGS—@SP:
SP(—SP—2 |RR D4 SP(—SP+1 ’
@SP(—PC, PC(—@SP.
PCe-dst SPSP+2;
CCF EF % - - - - - IMR()et
CeNOTC JPce, dst DA oD T - - -
CLR dst R BO - - - - - - if cc is true, c=0-F
dste=0 R B1 PCe—dst IRR 30
COM dst R 60 Tk %k 0 - - ;:':cc:;gzte RA gBO e T
dste—NOT dst IR 61 , =v-
< PCPC + dst
CP dst, src t ALl * %k %k % - - Range: +127, —128
dst—src
LD dst, src r im C R
DA dst R 40 * % % X - - dste-src r R 18
dste—DA dst IR 41 R r 9
=0-F
DEC s R 0 TE ok k- Coy =0
dste—dst-1 R 01 X 1 D7
DECW dst RR 80 - % % K - - ror B
dste=dst -1 IR 81 Irr R
R R- E4
DI L R IR E5
IMR(7)=0 R IM E6
DJNZr, dst RA A - - .- - :g g\n E;
rer—1 r=0-F
ifr=0 LDC dst, src roImC2 - - - - - -
PC«PC + dst dste-src
Range: +127, 128
LDCI dst, src Ik Ir C3 R
El L dste=src
IMR(7)¢1 T+ 1ire—rr + 1
HALT [ NOP FF [
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2 Z86C07 CMOS Zg®
| 2a5 81 MCROOONTROUER
Address Address
Instruction Mode  Opcode Flags Affected Instruction Mode  Opcode Flags Affected
and Operation dst src Byte(Hex) € Z S V DH and Operation dst src Byte(Hex) C Z S VD H
OR dst, src t 4] - %k %0 - - STOP 6F 1 - - - - -
dste—dst OR src
SUB dst, src t 2] * k % k1 %
POP dst R 50 - - - - - . dste—dst—src
dste—@SP; R 51
SP«-SP +1 SWAP dst R FO X % % X - -
IR F1
PUSH 10 R 70 -
SP<SP—-1; R Il L
@SPesrc
TCM dst, src t 6l 1 - %k % 0 - -
RCF CF 0 ----- (NOT dst) AND stc
Ce0
TM dst, src T 7M1 - % x 0 - -
RET AF - - - - - . dst AND src
PC«@SP;
SPSP +2 WDH 4F [
RL dst R 90 % % % % - - WOT 5F - X X X - -
IR 91
. XOR dst, src t B[ ] -k k0 - -
dste-dst XOR src
RLC dst R 10 % % k k - -
R 11 1 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 bya [ |'
RR dst R E0 * % % % - - in this table, and its value is found in the following table to the left of the
R Et applicable addressing mode pair.
[C] For example, the opcode of an ADC instruction using the addressing
RRC 03 R 0 a— modes r (destination) and Ir (source) is 13.
IR C1
L} Address Mode Lower
dst src Opcode Nibble
SBC dst, src t a1 * %k k %k 1 %
dste—dst-src—C r r [2]
ch1 DF 1 - - - -- r Ir (3]
(_
SRA dst R 00 ¥ % %0 - - RR 4l
IR D1 R IR [5]
ke
& R M [6]
SRP dst Im 3 - - - - -
RPe-sre IR M [7]
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286C07 CMOS Z8°®
AY= Ne B s 2

OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
6.5 65 | 65 65 | 105 | 105 | 105 | 105 | 65 6.5 [12/105]12/10.0] 65 [12100] 65
0 |DEC |DEC | ADD | ADD | ADD | ADD | ADD | ADD | LD LD [DINZ | JR LD JP INC
R1 IR1 | r1,r2 | 11,12 |R2,R1 |IR2, R1|{ R1, M| IR1, IM] r1,R2 | r2,R1 | r1,RA |cc, RA |r1,IM Jcc, DA}
65 65 65 65 | 105 | 105 | 105 | 105
1 RLC |RLC | ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r1,r2 | r1,Ir2 | R2, R1 | IR2, R1] RY, IM | IR1, IM
6.5 65 6.5 65 | 105 | 105 | 105 | 105
2 INC | INC | SUB | SuB | SUB | suB | SuB | suB
R1 IR1 | r1,r2 | r1,1r2 | R2, R1 |IR2, R1] R1, IM | IR1, IM
80 | 6.1 6.5 65 | 105 | 105 | 105 | 105
3 JP SRP SBC | SBC | SBC | SBC | SBC | SBC
IRR1 | M r,r2 | r1,Ir2 |R2, R1 |IR2, R1| R1, IM | IR1, IM
85 85 6.5 65 | 105 | 105 [ 105 | 105 6.0
4 DA DA | OR OR OR OR OR OR WDH
R1 IR1_| r1,r2 | r1,1r2 |R2, R1 |IR2, R1| R1, IM] IR1,IM
105 | 105 | 65 65 | 105 | 105 | 105 | 105 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND wDT
R1 IRT | r1,r2 | r1,1r2 | R2, R1 |IR2, R1] R1, IM | IR1, IM
65 65 6.5 65 | 105 | 105 | 105 | 105 6.0
6 JcoM |cOM | TCM | TCM | TCM | TCM | TCM | TCM STOP
? R1 IR1 | r1,r2 | ri,Ir2 |R2, R1 |IR2, R1| R1, IM [ IR1, IM
3 10/121)12/141] 65 65 | 105 | 105 | 105 | 105 7.0
© 7 |PUSH|PUSH| ™™ ™ ™ ™ ™ ™ HALT
2 R2 IR2 | r1,r2 | r1,1r2 |R2, R1 |IR2, R1| R1, IM | IR1, IM
H 105 | 105 6.1
i 8 DECW | DECW DI
a RR1 IR1
> 65 | 65 6.1
9 RL RL El
R1 IR1
105 | 105 | 65 65 | 105 [ 105 | 105 | 105 14.0
A INCW | INCW | CP cP cP cP CP | CP RET
RR1 IR1_| r1,r2 { r1,Ir2 |R2,R1 |IR2,R1| R1, IM}IR1, IM
6.5 6.5 6.5 65 | 105 | 105 | 105 | 105 16.0
B CLR |CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 r1,r2 | r1,Ir2 |R2, R1 | IR2, R1| R1,IM|IR1, IM
6.5 65 | 120 | 180 10.5 6.5
[+ RRC | RRC | LDC | LDCI LD RCF
R1 IR1 | ri, irr2 |Ird, Irr2 r1,x,R2
6.5 65 120 | 180 [ 200 20.0 | 105 6.5
D SRA | SRA LDC | LDCI jCALL* CALL | LD SCF
R1 IR1__| I, r2 ]lert, Ir2]| IRR1 DA | r2.x,R1
6.5 6.5 65 | 105 [ 105 | 105 | 105 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,IR2 | R2, R1 |IR2, R1] R1, IM| IR1, IM
; 85 85 6.5 10.5 6.0
SWAP | SWAP LD LD NOP
R1 IR1 Ir1, r2 R2, IR1 ' # ' ' ' ' L
v v ' ~
2 3 2 3 1
Bytes per Instruction
(')'°‘”°' Legend:
Nme R = 8-bit Address
Execution Pipeline r = 4-bit Address
Cycles 1 Cycles R1or r1 = Dst Address
R2 or r2 = Src Address
Upper
Opcode ——eA Mnemonic Sequence:
Nibble Opcode, First Operand,
Second Operand
First Second Note: Blank areas reserved.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction
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PACKAGE INFORMATION

. . SympoL | MILLIMETER INCH

T X MIN | MAX | MIN | max
| Al ost | ost | 020 | .3
[« El a2 325 | 343 | 128 135
— { B 038 | 053 [ .15 | 021
® ] Bi 114 | 165 | 045 | 065
E c 023 | 038 | 009 | o1s
b D 2235 [2337 | 880 | .Se0
E 762 | 813 | 300 | 320
c El 622 | 648 | 245 | 255

B 2.54 TYP 100 TYP
" eA 787 | 889 | 31w | 350
L 318 | 381 | 125 | as0
o1 152 | 165 | 080 | 065
s 089 | 165 | 035 | 065

- Fa pee
CONTROLLING DIMENSIONS © INCH
I .
Al
— S B
18-Pin DIP Package Diagram
D . —p—C
9 1 E r L
HAAAAAAAE i i

[

q E :1 H
EEEEEEEE: N

2-8°
at MILLIMETER INCH
T T J-—; SYMBOL Uy MAX | MIN MAX
4\2 ] A A 240 | 265 | 094 | 104
- Al 010 | 030 | 004 | 012
r Z a2 | 224 | 244 | 088 | 0%
2 J L. —d l— B SEATING PLANE B 0.36 0.46 014 018
c 023 | 030 | 009 | o1 |
D 1140 | 175 | 449 | 463
3 740 | 760 | .20t | 299
CONTROLLING DIMENSIONS 1 MM [ 127 TP 050 TYP
LEADS ARE COPLANAR WITHIN .004 INCH. n 000 | 1065 | 394 | 419
h 030 | o040 | o012 016
L 060 | 100 024 | 039
o1 097 °| 107 038 | 042

18-Pin SOIC Package Diagram




286C07 CMOS Zg®
@ 2iLai 8-BiT MCROCONTROLLER

ORDERING INFORMATION

Z86C07 (8 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86C0708PSC Z86C0708SSC Z86C0708PEC Z86C0708SEC
Z86C07 (12 MH2)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86C0712PSC Z86C0712SSC 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=80IC

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 86C07 08 P S C  isaZ86C07, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

l |— Environmental Flow
Temperature

Package

Speed

Product Number
Zilog Prefix
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PRODUCT SPECIFICATION

Z86EQ7

CMOS Z78°® 8-BIT OTP
MICROCONTROLLER

FEATURES

m Low Cost, 8-Bit CMOS MCU
(OTP Support for Z86C07)

m 18-Pin Package (DIP, SOIC)

B 2 Kbytes of One-Time-PROM

B 124 Bytes of General-Purpose RAM

B 4.0V to 5.5V Operating Range

m Clock Speed: 12 MHz

B Low Power Consumption: 50 mW (Typical)
B Low Noise Programmable

M Programmable ROM Protect

® Two Programmable 8-Bit Counter/Timers
Each with a 6-Bit Programmable Prescaler.

B Fast Instruction Pointer: 1 us @ 12 MHz

B Two Standby Modes: STOP and HALT

B 14 Input/Output Lines

B 11 Digital Inputs, CMOS Levels, Schmitt-Triggered.

B Six Vectored, Priority Interrupts from
Six Different Sources.

B Programmable Interrupt Polarity

W Software-Programmable Watch-Dog Timer
B Power-On Reset Timer

B Two On-Board Comparators

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

GENERAL DESCRIPTION

The Z86EQ7 8-bit One-Time-Programmable (OTP) Micro-
controller (MCU) is a member of the Z8® single-chip
microcontroller family with 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 Z86EQ7 allows easy soft-
ware developmentand debug, prototyping, and is ideal for
small production runs not economically desirable with a
masked ROM version.

For applications demanding powerful 1/O 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 /O, timing, and

status signals. There are two basic address spaces avail-
able to support this configuration: program memory and
124 bytes of general-purpose registers.

The ZB6EO7 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/O scheme, an efficient register and ad-
dress space structure, and a number of ancillary features,
the Z86EQ7 is well-suited for a variety of consumer, indus-
trial and commercial applications.
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Z86E07 CMOS Z8° 8-Bi
OTP MICROCONTROLLER

GENERAL DESCRIPTION (Continued)

To unburden the system from coping with real-time tasks,
such as counting/timing and I/O data communications, the
Z86EO7 offers two on-chip counterftimers 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).

Input

Tt

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:

Connection Circult Device
Power Vee Voo
Ground GND ss
XTAL

Ve Machine
Port3 N— /] Timing & Inst.
{ } Control
Counter/ M—— ALU ——J
Timers (2) N— I
b oTP
rogram
Interrupt FLAG Memory
Control <: 2048 x 8-Bit
Register TT
TwoAnalog Ko Pointer Program
C t A A Counter
omparators General-Purpose
Register File
124 x 8-Bit
Port 2 Port 0 """\ —
/0 110
(Bit Programmable)

Figure 1. Z86E07 Functional Block Diagram




Z86E07 CMOS Z6° 8-Br
N 2ILaB OTP MICROCONTROLLER

l} D7-D0
zmcu N X
Aol 2 | AIO-AD !
5 x p—N3 =
> Address f—n] 2 =
»| Counter m < EPROM \‘07_05/ F e
) . ) ROM PROT ol R
3 Bits »| Low Noise N—V
/ D7-D0
A A
PGM
Mode Logic
Clear Clock EPM /CE /PGM VPP IOE
P00 PO1 P32 XT1 PO2 P33 P31
Figure 2. Z86E07 EPROM Mode Block Diagram
PIN DESCRIPTION
Table 1. Z86E07 18-Pin DIP Pin Identification "\
D4 ] 1 18 [] D3
EPROM Mode
Pin# Symbol Function Direction D5|: 2 17 [] D2
-4  D7-D4  Data4,5,6,7 In/Output D [ 3 16 [ ot
5 Vo Power Supply p7[] 4 15 [] Do
6 N/C No Connection Z86E07
7 /CE Chip Enable Input vee [] 5 14 [] GND
8 JOE Output Enable Input ne [ s 13 [] /PGM
9 EPM EPROM Prog Mode Input ce [17 12 [0 crock
10 Vep Prog Voltage Input 10E [ 8 1 CLEAR
1 Clear Clear Clock Input g
12 Clock  Address Input EPM[] o 10 [ vpp
13 /PGM Prog Mode Input
14 GND Ground
1518 D3D0  Data01,2,3 In/Output Figure 3. Z86E07 18-Pin DIP Pin Configuration
EPROM Mode




- Z86E07 CMOS Z8° 8-Bir
N 2iLa5 OTP MICROCONTROLLER
PIN DESCRIPTION

Table 2. Z86E07 18-Pin DIP Pin Identification* U
Standard Mode . P24 [] 1 18 [] P23
Pin#  Symbol Function Direction P25 [] 2 17 | P22
1-4 P27-P24 Port2,Pins4,5,6,7 In/Output P26 I: 3 16 :I P21
5 \% Power Supply
6 X%AL2 Crystal Osc. Clock Output P27 : 4 15 :I P20
7 XTAL1  Crystal Osc. Clock  Input vec[] 5 2Z86E07 44 : GND
8 P31 Port 3, Pin 1 Input
32 Port 3, Pin 2 | XTAL2E6 13:IP02

9 P ort 3, Pin nput
10 P33 Port 3, Pin 3 Input xmL [ 7 12 [ Po1
11-13  P02-PO0  Port0, Pins 0, 1, 2 In/Output P31 [ s 11 O Poo
14 GND Ground
1518  P23P20  Port2, Pins0,1,2,3  In/Output Pa2[] o 10 [ P33
Note:

* Pin Identification and Configuration identical on DIP and
SOIC style packages.

Figure 4. Z86E07 18-Pin DIP Pin Configuration*
Standard Mode

PIN FUNCTIONS
OTP Programming Mode

D7-D0 Data Bus. The data can be read from, or written to
the EPROM through this data bus.

V.. Power Supply. Itis 5V during the EPROM Read mode
and 6V during the other mode.

ICE Chip Enable (active Low). This pin is active during
EPROM Read Mode, Program Mode, and Program Verify
Mode (V,, V., V,, = 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 (V, V,,, V, = 12V £0.5V).

V.., Program Voltage. This pin sUppIies the program volt-
age (V,, = 12V £0.5V).

Clear Clear (active High). This pin resets the internal
address counter at the High Level.

Clock Address Clock. This pinis aclock 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 V_ occur on the XTAL1 pin.

In addition, processor operation of Z8 One-Time Program-
mable devices may be affected by excessive noise
surgesontheV,_,/CE, [EPM, /OE pins while the microcon-
troller is in standard mode.

Recommendations for dampening voltage surges in both
test and OTP mode include the following:

W Using a clamping diode to V.

B Adding a capacitor to the affected pin.

6-4
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Z86E07 CMOS Z8° 8-Brr
OTP MICROCONTROLLER

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.

Port 0, P02-P00. Port O is a 3-bit bi-directional, Schmitt-
triggered CMOS compatible I/O port. These three I/O lines
can be globally configured under software control to be
inputs or outputs (Figure 5).

Z86EQ7 [ Port 0 (1/0)

Open D‘f

Out

1.5~ 23 Hysteresis VCC @ 5.0V

>

PAD

ﬂ

Figure 5. Port 0 Configuration
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Z86E07 CMOS Z6° 8-BrT
N 205 OTP MICROCONTROLLER

Z86E07 Standard Mode (Continued)

Port 2, P27-P20. Port 2 is an 8-bit, bit programmable, bi-  control to be inputs or outputs, independently. Bits pro-
directional, Schmitt-triggered CMOS compatible I/O port.  grammed as outputs can be globally programmed as
These eight I/O lines can be configured under software  either push-pull or open-drain (Figure 6).

e By
Z86E07 } Port 2 (/0)

Port 2
Open-Drain T
o =
PAD
7T
QOut

1.5 2.3 Hysteresis  VCC @ 5.0V

In A
<}

Figure 6. Port 2 Configuration
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Port 3, P33-P31. Port 3 is a 3-bit, CMOS compatible port  inputs or analog inputs. These three input lines are also
with three fixed input (P32-P30) lines. These three input  used as the interrupt sources IRQO-IRQ3 and as the timer
lines can be configured under software control as digital  input signal T, (Figure 7).

f— -
Z86E07  |et— Port 3
la—
0 = Digital
R247 =P3M 1 =Analog
| [of |
DIG. P31
PAD ° _[ » Latch
| 'r 3 ! IRQ2
P31 (AN1) AN. |
|
—1- !
'I IRQ3
P32 Data
PAD I—o\ | o Latch
I = [ hd = |IRQO
P32 (AN2) + !
PAD H
- |
P33 (REF) !
:
|
Y

J—> P33 Data
» Latch

- IRQ1

)

IRQ 0,1,2 = Falling Edge Detection
IRQ3 = Rising Edge Detection

Figure 7. Port 3 Configuration
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Z86E07 CMOS Z8® 8-Bir
OTP MICROCONTROLLER

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

mode. The common voltage range is 0-4 Vwhen the V. is
5.0V, 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
datainputs, or T, through P31. Alternatively, the compara-
tors can be disabled, freeing the reference input (P33) for
use as IRQ1 and/or P33 input.

FUNCTIONAL DESCRIPTION

RESET is accomplished through Power-On or a Watch-
Dog Timer Reset. Upon power-up, the Power-On Reset
circuit waits for T,.., plus 18 clock cycles, then starts

program execution at address 000C (Hex). Reference
Table 3 for the ZB6EO7 control registers' reset values
(Figure 8).

INT OSC XTAL OSC
POR l I
(Cold Start) |
' Delay Line | tsck | ChipReset
TPOR msec Reset Filiter I

P27
(Stop Mode)

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., 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:

B Power bad to power good status
B STOP-Mode Recovery

B WDT time-out

M WDH time-out

Watch-Dog Timer Reset. The WDT is aretriggerable 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.

6-8



ZB6E07 CMOS 28° 8-Bir
N2ILa5 OTP MICROCONTROLLER
Table 2. Z86C07 Control Registers Program Memory. The Z86EQ7 addresses up to 2 Kbytes
Reset Condition of internal program memory (Figure 9). The first 12 bytes of
program memory are reserved for the interrupt vectors.
Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments  These |ocations contain six 16-bit vectors that correspond
Fi MR O O O 0 0 O O 0 TimersOif to the six available interrupts. Bytes 0-2047 are on-chip
) T U UUuUUuUUuUUuUUuUuy one-time programmable ROM.
F3 PREIT U U U U U U 0 O
F4 10 U uvuuuvuuuvuuu 2048
F5 PREO U U U U U U U O
F* PM 1 1 1 1 1 1 1 1 Inpuisatter Fios o of OonCrip
reset. Instruction
" PM U U U U U U 0 0 Sandad Afte eated }i """"""
Port3inputs.
F" POM U U U O U U 0 1 n IRG6
F9 PR U U U U U U UU 10 IRQ5
FA RQ U U 0 0 0 0 O 0 IRQ3is
used for 9 IRQ4
positive 8 IRQ4
edge detec-
tion.
Interrupt IRQ3
PC FLAGS U U U U U U U U (Lower Byte) S~
FO RP 0 0 0 0 0 0 0 O 5 [™a IRQ2
FF SPL U U U U U U U WU v
Note: Interrupt 2
* Registers are not reset after a STOP-Mode Recovery using P27 pin. Vector 3 IRQ1
Asubsequentreset will cause these control registers o be reconfigured (Upper Byte)
as shown in Table 3 and the user must avoid bus contention on the port 2 IRQ1
pins or it may affect device reliability.
1 IRQO
0 IRQO

Figure 9. Program Memory Map
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FUNCTIONAL DESCRIPTION (Continued)

Register File. The Register File consists of three 1/O port
registers, 124 general-purpose registers, and 14 control
and status registers, R0-R3, R4-R127 and R241-R255,
respectively (Figure 10). General-purpose registers oc-
cupy the 04H to 7FH address space. |/O ports are mapped
as per the existing CMOS Z8. 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 Indentifiers
255 Stack Pointer (Bits 7-0) SPL
254 General-Purpose Register GPR
253 Register Pointer RP
252 Program Control Flags Flags
251 Interrupt Mask Register IMR
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode PO1M
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 TO Prescaler PREO
244 Timer/Counter0 T0
243 T1 Prescaler PRE1
242 Timer/Counter1 T
241 Timer Mode T™MR

Not Implemented
128
127
General-Purpose *
Registers
4
3 Port 3 P3
2 Port 2 P2
1 Reserved P1
0 Port 0 PO

* The general-purpose registers are undefined after device
wer-up. These register contents are not affected by reset
rom STOP-Mode Recovery or by WDT timeout.

Figure 10. Register File

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 Z86EQ07 has an 8-bit Stack Pointer
(R255) used for the internal stack that resides within the
124 general-purpose registers.

Ir716r5r4|r3r2r1ﬂﬂ253
(Register Pointer)
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.
FF
- R15to RO
Fo
7F
70
6F
60
§F
50
4F
= The lower nibble
g g{ th% register
le address
- Speciied Working 1= provided by the
20 egister Group P on points
2F to the specified
et register.
20
1F
— Register Group 1 R156 to RO
10
o Register Group 0 R15to R4
1/0 Ports R3to RO
00

Figure 11. Register Pointer
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Z86E07 CMOS Z8° 8-Bt
OTP MICROCONTROLLER

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
occursintheV  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 12).

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 both counter

and prescaler reach the end of count, a timer interrupt
request IRQ4 (T0) or IRQS5 (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 anexternalclock, atrigger
input that is retriggerable or not retriggerable, or used as
a gate input for the internal clock.

Internal Data Bus

wite | l

Write* U

Read* ﬂ

0osC PREO
Initial Value Initial Value Current Value
] Register Register Register
» i) i)
6-Bit 8-bit
+4 Lol Down - Down
Counter Counter L = R4
—— |nternal Clock
External Clock
Clock
Logic
6-Bit 8-Bit .
+4 } Down r— Down IRQs
\ Counter Counter | l
Internal Clock ﬂ ﬂ 1
Gated Clock PRE1 T T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
TIN P31

Write* TL

wio! I neast )

Internal Data Bus

Figure 12. Counter/Timers Block Diagram
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Z86EQ7 CMOS 28° 8-Bir
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FUNCTIONAL DESCRIPTION (Continued)

Interrupts. The Z86E07 has six interrupts from five differ-
entsources. 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 Z86EQ7 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.

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 Zilog's
C12ICEBOX™emulator. Therising edge interrupt is not
supported on the Z86CCPO0ZEM emulator.

Table 4. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQ0  AN2(P32) 0,1 External (F)Edge
IRQ1  REF(P33) 2,3 External (F)Edge
IRQ2  AN1(P31) 45 External (F)Edge
IRQ3  AN2(P32) 6,7 External (R)Edge
IRQ4 TO 8,9 Internal

IRQ5 T1 10,11 Internal

Notes:

F = Falling edge triggered
R = Rising edge triggered

IRQO - IRQ5

!

-

Global
Interrupt
Enable

IMR

IPR

U

Interrupt
Request

PRIORITY
LOGIC -

U

Vector Select

Figure 13. Interrupt Biock Diagram
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Clock. The Z86EQ7 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, 12MHz max, with a series resistance (RS) of less
than or equal to 100 Ohms.

o j_:_; XTAL2

Ceramic Resonator
or Crystal

* Device Ground Pin

LC Clock

The crystal should be connected across XTAL1and 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 Vg, Pin 14 to
reduce Ground noise injection.

XTAL1 XTAL1
XTAL2 XTAL2
External Clock

Figure 14. Oscillator Configuration

HALT Mode. This instruction turns off the internal CPU
clock, but not the crystal oscillation. The counter/timers
and externalinterrupts 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 pA. 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 000C(Hex). However, when P27
is used to release the STOP mode, the 1/O port mode
registers are not reconfigured to their default power-on
conditions. This prevents any I/O, 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, #1 XXX XXXXB
NOP
STOP

X = Dependent on user's application.

Inorderto enter STOP or HALT mode, it is necessary tofirst
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 (WDT). 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
every Twdt period; otherwise, the Z86E07 resets itself, The
WDT instruction affects the flags accordingly; Z=1, S=0,
V=0.

WDT = 5F (Hex)

Opcode WDT (5FH). The first time opcode 5FH 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, plus 18 XTAL 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 WDT during HALT. If not, the WDT stops when
entering HALT. This instruction does not clear the counters,
it just makes it possible to have the WDT running during
HALT mode. A WDH instruction executed without execut-
ing WDT (5FH) has no effect.

Auto Reset Voltage (V). The Z86E07 has an auto-reset
built-in. The auto-reset circuit resets the Z86EQ7 when it
detects the V; below V... Figure 15 shows the Auto Reset

Vece
(Voits)

Voltage vs temperature. The Z86E07 does not function
from V., to below 4.5V. Upon power-up of the device, the
V¢ risetime mustreach 4.5V before the T, . expires sothat
program execution begins with the V. in the range 4.5V to
5.5v.

Ifthe V; drops below 4.5V while the device is in operation,
the device must be powered down and then re-powered
up again.

245

240

235

2.30 ~

2,25

2.20

2.15

s
\
Temp

-5°C

25°C

75°C

Figure 15. Typical Auto Reset Voltage (V,.,) 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:

B Less than 1 mA consumed during HALT mode.

B All drivers slew rates reduced to 10 ns (typical).

B Internal SCLK/TCLK = XTAL operation limited to a
maximum of 4 MHz - 250 ns cycle time.

B Output drivers have resistances of 200 ohms (typical).
B Oscillator divide-by-two circuitry eliminated.

The Z86EQ7 offers programmable ROM Protect and pro-
grammable Low Noise features. When programmed for

Low Noise, the ROM Protect feature is optional.

Besides V,; and GND (V,), the Z86EQ7 changes all its pin
functions in the EPROM mode. XTAL2 has no function,

XTAL1 functions as /CE, P31 functions as /OE, P32 func-
tions as EPM, P33 functions as V,,, 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 Z86EQ7 will disable the instructions LDC
and LDCI(Z86EQ7 and Z86C08 do not support the 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, JOE pins be clamped to V. through a diode to V. to
prevent accidentally entering the OTP mode. The V,,
requires both a diode and a 100 pF capacitor.

User Modes. Table 5 shows the programming voltage of
each mode of Z86EO7.

Table 5. OTP Programming Table

Programming Modes Vee EPM ICE IOE /PGM ADDR DATA V. *
EPROM READ1 X v, A A vV, ADDR Out 45V
EPROM READ2 X v, A vV, vV, ADDR Out 55V
PROGRAM v, X vV, vV, A ADDR In 6.0V
PROGRAM VERIFY v, X A A V., ADDR Out 6.0V
EPROM PROTECT v, v, v, v, A NU NU 6.0V
LOW NOISE SELECT v, vV, v, v, A NU NU 6.0V

Notes:

V, = 125V10.5V

V., = As per specific Z8 DC specification.

V, = As per specific Z8 DC specification.

X = Notused, but must be settoV,, V,, orV, level.

NU = Not used, but must be set to either V,, or V, level.
I, during programming = 40 mA maximum.

loc during programming, verify, or read = 40 mA maximum.
* V. has a tolerance of £0.25V.
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SPECIAL FUNCTIONS

Internal Address Counter. The address of Z86EQ7 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.

Programming Waveform. Figures 17, 18 and 19 showthe
programming waveforms of eachmode. Table 6 shows the
timing of programming waveforms.

Programming Algorithm. Figure 20 shows the flow chart
of the ZB6EQ7 programming algorithm.

Table 6. Timing of Programming Waveforms

Parameter Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 us
3 Ve Setup 2 us
4 Ve Setup Time 2 us
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 /OE Setup Time 2 us
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns
" Overprogram Pulse Width 2.85 ms
12 EPM Setup Time 2 us
13 /PGM Setup Time 2 us
14 Address to /OE Setup Time 2 us
15 Option Program Pulse Width 78 ms
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P01 = Clock

P00 = Clear \

Internal
Address

Vih > 0 Min

Data Vil Invalid X Valid X InvalidX ValidL

Legend:

T1 Reset Clock Width 30 ns Min
T2 Input Clock High 30 ns Min
T3 Input Clock Period 70 ns Min
T4 Input Clock Low 30 ns Min
T5 Clock to Address Counter Out Delay 15 ns Max

Figure 16. Z86E07 Address Counter Waveform
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SPECIAL FUNCTIONS (Continued)

VIH
Address VIL X Address Stable X Address Stable X
VIH 0 Min -»]
Data VIL Invalid Valid Invalid XValid X
-
" .E:

e / \
WH ¢
EPM !
VL
;_\_

5.5V £
—p .
- ® Va ,
4.5V

VIH

ICE ’\ /
VIL Py

”

—» OMin |4

VIH £e.

”
JOE
VIL
VIH o
PGM ’
VIL
B

Figure 17. Z86E07 Programming Waveform
(EPROM Read)
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VIH
Address = X Address Stable X
ViH _4 O
D id J
_— A oo
— 0@ —
W 4
vep
VIH
4—®—>

by

T
=
t
=
L

5%
4.5V

Py

vCcC

%
:

VIH
ICE !N
ViL

ViH

NCOC

ad

?

/OE

VIH

/PGM
w
§

U

ja——— Verify Cycle —]

j——————— Program Cycle

Figure 18. Z86E07 Programming Waveform
(Program and Verify)
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SPECIAL FUNCTIONS (Continued)

Address

Data

vep

vce

/CE

/0E

EPM

/PGM

ViH

VIL

ViH

VIL

VH
VIH

6v
4.5V

H

ViH

g&

;

ViL

VIH
ViL

VIH

\ ViH

ViL

=

Low Noise

Figure 19. Z86E07 Programming Waveform
(EPROM Protect and Low EMI Program)
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Addr =
First Location

|

Vee = 6.0V

Vpp=12.5V

Y

N=0

Y

Program

Increment
Address

Note:

* To ensure proper operations during the spec.,
Zilog recommends verification over the Vgg
range of the device V¢ spec.

1 ms Pulse

Y

Increment N

Pass

Prog. One Pulse |
3xN ms Duration

No
Last Addr ?

Yes

Vee = Vpp =4.5V

de
Vee = Vpp = 5.5V ‘ Device Falled)

Fail

Verify All
Bytes

Device Passed

Figure 20. Z86E07 Programming Algorithm
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ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units
Ambient Temperature under Bias -40 +105 C
Storage Temperature —65 +180 C
Voltage on any Pin with Respect to V [Note 1] -0.6 +12 "
Voltage on V,, Pin with Respect to V¢ -03 +7 v
Voltage on Pin 7, 8, 9, 10 with Respect to Vg [Note 2] -0.6 Vot 1 \
Total Power Dissipation 462 mw
Maximum Current out of Vg 84 mA
Maximum Current into V, 84 mA
Maximum Current into an Input Pin [Note 3] -600 +600 HA
Maximum Current into an Open-Drain Pin [Note 4] -600 +600 HA
Maximum Output Current Sinked by Any 1/O Pin 12 mA
Maximum Output Current Sourced by Any I/O Pin 12 mA
Total Maximum Output Current Sinked by Port 2 70 mA
Total Maximum Output Current Sourced by Port 2 70 mA

Notice: Notes:

Stresses greater than those listed under Absolute Maxi-  [1] This applies to all pins except where otherwise noted. Maximum

mum Ratings may cause permanent damage to the de- ourrent into pin must be +600uA.

. . . . . . [2] There is no input protection diode from pin to V,,, (not applicable to
vice. This is a stress rating only; functional operation of the EPROM Mode).

device at any condition above those indicated in the (3} This excludes Pin 6 and Pin 7.
operational sections of these specifications is notimplied.  [4] Device pin is not at an output Low state.
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:

Total Power dissipation =V, X [ I, — (sum of 15,) ] + sum of [ (Vg = Vo) X I, 1 + sumof (V, x 1)

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test From Output
conditions as noted. All voltages are referenced to Ground. Under Test
Positive current flows into the referenced pin (Figure 21).

150 pF

—

H

Figure 21. Test Load Diagram

CAPACITANCE
T,=25°C, V. = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input capacitance 0 10 pF
Output capacitance 0 20 pF
I/O capacitance 0 25 pF
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DC ELECTRICAL CHARACTERISTICS
Ty=0°Ct0 +70°C  Typical [11]
Symbol Parameter Vecl3] Min Max @ 25°C Units Conditions Notes
Veu Clock Input High 45V 0.8 Vge Veet0.3 24 v Driven by External
Voltage Clock Generator
5.5V 0.8 Vee Veet0.3 26 v Driven by External
Clock Generator
Vo Ciock Input Low 45v Vss—0.3 0.2 Vg 16 Driven by External
Voltage Clock Generator
5.5V Vgs0.3 0.2 Ve 23 v Driven by External
Clock Generator
Vi Input High Voltage 45v 0.7 Vee V0.3 21 \
5.5V 0.7 Vg Veet03 27 v
Vi Input Low Voltage 45V Vss—03 0.2 Ve 1.2 v
5.5V Vgs—0.3 0.2 Ve 17 v
Vou Output High Voltage 45V Voe-04 39 ) lon=—2.0 mA [9]
5.5V Vee—0.4 54 v lon=—2.0 mA [9]
Vou Output Low Voltage 45V Vee—04 v Low Noise @ [10]
loy=—0.5mA
5.5V V0.4 v Low Noise @ [10]
lon=—05mA
Vo Qutput Low Voltage 45V 0.4 v Low Noise @ [10]
'OL =+ mA
55V 04 v Low Noise @ [10]
lo,=+1 mA
Vour Output Low Voltage 45V 0.4 0.2 v lo.=+4.0 mA [9
5.5V 0.4 0.2 v lo=+4.0 mA (9
Vowz Output Low Voltage 45V 1.0 0.7 v foL=+12mA,
3 Pin Max [9
55V 0.8 0.5 v lo, = +12 mA,
3 Pin Max [9]
Vorrser Comparator Input 45V 25 6 mvV
Offset Voltage
5.5V 25 7 mv
Vist Auto Reset Voltage 1.55 2.7 2.4 v
I Input Leakage 45V -10 1.0 1.0 JA 0V<Vin<Vee
(Input Bias Current 55V -1.0 1.0 1.0 WA OV<Vin<Vie
of Comparator)
lo Output Leakage 45V -1.0 1.0 1.0 WA Viy=0V, Vge
5.5V -1.0 1.0 1.0 WA Viy=0V, Vge
Vicr Input Common Mode 0 Vee-1.0 v
Voltage Range
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DC ELECTRICAL CHARACTERISTICS (Continued)

T,=0°Ct0+70°C  Typical[11]

Symbol Parameter V.3l Min  Max @25°C  Units Conditions Notes
lec Supply Current 45V 40 22 mA All Output and /0 Pins [4,5,8,9]
(Standard Mode) Floating @ 2 MHz
55V 7.0 5.0 mA All Output and I/0 Pins [458,9]
Floating @ 2 MHz
45V 9.0 45 mA All Output and /0 Pins [8,91
Floating @ 8 MHz
55V 1.0 8.3 mA All Output and I/0 Pins [8,9]
Floating @ 8 MHz
45V 10 6.1 mA All Output and I/0 Pins (8,9
Floating @ 12 MHz
5.5V 15 108 mA All Qutput and |/0 Pins [8,9]
Floating @ 12 MHz
lecs Standby Current 45V 25 05 mA HALT mode V= OV, [4,5,8,9]
(Standard Mode) Ve, @2 MHz
5.5V 40 1.0 mA HALT mode V, =0V, [4589]
Ve, @2 MHz
45V 40 1.0 mA HALT mode V,, = 0V, [8,91
Ve @8 MHz
5.5V 50 20 mA HALT mode V,, =0V, [8,9]
V. @8 MHz
45V 50 1.3 mA HALT mode V= OV, [8,9]
Ve @ 12MHz
55V 70 23 mA HALT mode V,, = OV, [8,9]
Ve, @ 12MHz
lec Supply Current 45V 40 22 mA All Qutput and I/0 Pins [4,5,8,10]
(Low Noise Mode) Floating @ 1 MHz
5.5V 70 42 mA All Qutput and I/0 Pins [4,5,8,10]
Floating @ 1 MHz
45V 6.0 29 mA All Qutput and I/0 Pins [4,5,8,10]
Floating @ 2 MHz
5.5V 9.0 55 mA All Output and I/0 Pins [4,5,8,10]
Floating @ 2 MHz
45V 8.0 44 mA All Qutput and I/0 Pins [45,8,10]
Floating @ 4 MHz
5.5V 11.0 79 mA Al Qutput and I/0 Pins [4,58,10]
Floating @ 4 MHz

6-24



N 25L05 37 MchoooumonEh
T,=0°Ct0 +70°C Typical
Symbol  Parameter V31 Min Max @25°C  Units Conditions Notes
legy Standby Current 45V 1.2 04 mA HALT mode V,,=0V,V,, [4,5,8,10
(Low Noise Mode) @1 MHz
5.5V 1.6 0.9 mA HALT mode V,, = 0V.V,, [458,10
@1 MHz
45V 15 05 mA HALT mode V,, = OV, [458,10
@2 MHz
5.5V 1.9 1 mA HALT mode V,, =0V, (458,10
@2 MHz
45V 20 0.8 mA HALT mode V,, = OV, [458,10
@4 MHz
55V 24 1.3 mA HALT mode V,, = 0V, (458,10
@ 4 MHz
leca Standby Current 45V 10 1.0 pA STOP mode V,, = 0V.V,, (458,10
WDT is not Running
55v 10 1.0 pA STOP mode V,, = 0V.V,, [4,5,8,10
WDT is not Running
lut Auto Latch Low Current 45V 10 6.0 vA V<V, <V,
5.5V 15 1.5 pA OV <V <V
Lin Auto Latch High Current 45V -10 -33 PA 0V <V <V
5.5V -10 -65 vA OV<Vy <V
Notes:
(L) - Typ Max Unit Freq
Clock Driven 0.3 5.0 mA 8 MHz
Crystal or XTAL Resonator 3.0 5.0 mA 8 MHz

[2] Vg =0V=GND

[3] V. mustbe in the allowed operating range (4.5V to 5.5V) prior to the
minimum T, time-out. V. is specified at 4.5V to 5.5V.

[4]  All outputs unloaded, |/O pins floating, inputs at rail.

[5] CL1=CL2=100pF.
[6] Same as Note [4] except inputs at V..

[7]1 Except clock pins and Port 3 input pins unless in EPROM Mode.
[8] Using resonator/or crystal (not by Clock Driver).

[9] Standard Mode (Low EMI not selected).
[10] Low EMI selected.
[11] Typical is V, = 5.0V; Temperature = 25

[12] For comparator inputs, the inputs must be in the common-mode range.

°C.

[13] A 10 Megohm puli-down resistor may be required on the XTAL1 clock input pin.
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AC ELECTRICAL CHARACTERISTICS

Clock

IRQ N .\

Figure 22. Electrical Timing Diagram
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AC ELECTRICAL CHARACTERISTICS
Low Noise Mode

Tp=0°C to +70°C
1 MHz 4 MHz
No  Symbol Parameter VI3l Min Max Min Max Units Notes
1 TpC Input Clock Period 45V 1000 DC 250 DC ns ]
5.5V 1000 DC 250 DC ns 1]
2 TrC,TfC Clock Input Rise 45V 25 25 ns [1]
and Fall Times
55V 25 25 ns
3 WwC Input Clock Width 45V 500 125 ns [1]
55V 500 125 ns [1]
4 TwTinL Timer Input Low Width 45V 100 100 ns !
55V 70 70 ns ]
5 TwTinH Timer Input High Width 45v 2.5TpC 25TpC 1]
55V 2.5TpC 2.5TpC [1]
6 TpTin Timer Input Period 45V 4TpC 4TpC 1]
5.5V 4TpC 4TpC 1]
7 TrTin, Timer Input Rise 45V 100 100 ns 1]
TtTin and Fall Timer
5.5V 100 100 ns 1]
8 TwiL Int. Request Input 45V 100 100 ns [1,21
Low Time
5.5V 70 70 ns 1.2]
9 TwiH Int. Request Input 45V 2.5TpC 2.5TpC 1]
High Time
5.5v 2.5TpC 2.5TpC 1.2
10 Twdt Watch-Dog Timer 45V 15 15 ms [13]
Delay Time
5.5V 10 10 ms 13
1 TPOR Power-On 45V 15 10 ms 1
Reset Time 5.5V 15 10 ms ]

Notes:

[1] Timing Reference uses 0.7V, for a logic 1 and 0.2V, for a logic 0.
[2] Interrupt request through Port 3 (P33-P31).

[3] Delay time between WDT refresh.
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ZBGED7 CMOS 26° 88
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AC ELECTRICAL CHARACTERISTICS
Standard Mode, Standard Temperature

T, =0°C to +70°C
8 MHz 12 MHz
No  Symbol Parameter V(3] Min  Max Min Max Units  Notes
1 TpC Input Clock Period 45V 125 DC 83 DC ns [1]
5.5V 125 DC 83 DC ns 1]
2 TrC,TiC Clock Input Rise 45V 25 15 ns [1]
and Fall Times
5.5V 25 15 ns
3 TwC Input Clock Width 45V 62 4 ns [1]
5.5V 62 4 ns [1]
4 TwTinL Timer Input Low Width 45V 100 100 ns 1]
5.5V 70 70 ns [1]
5 TwTinH Timer Input High Width 45V 5TpC 5TpC [1]
5.5v 5TpC 5TpC [1]
6 TpTin Timer Input Period 45V 8TpC 8TpC 1
5.5V 81pC 8TpC [1]
7 TrTin, Timer Input Rise 45v 100 100 ns ]
TtTin and Fall Timer
5.5V 100 100 ns [1]
8 TwiL Int. Request Input 45v 100 100 ns [1.2]
Low Time
5.5V 70 70 ns [1.2]
9 TwiH Int. Request Input 45V 5TpC 5TpC [11
High Time
5.5V 5TpC 5TpC [1.2]
10 Twdt Watch-Dog Timer 45V 15 15 ms [1,3]
Delay Time
5.5V 10 10 ms [1,3]
1 TPOR Power-On 45V 15 10 ms [1]
Reset Timer 55V 15 10 ms [1]

Notes:

[1] Timing Reference uses 0.7 V. for a logic 1 and 0.2V, for a logic 0.
[2] Interrupt request through Port 3 (P33-P31)

[3] Delay time between WDT refresh.
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Z8® CONTROL REGISTERS

R241 TMR
EDEEREEE
- T I

No Function

Load TO

Disable TO Count
Enable T0 Count

No Function
Load T1

Disable T1 Count
Enable T1 Count

Tin Modes

00 External Clock Input
01 Gate Input

10 Trigger Input

-0 =0 a0 =o

(Retriggerable)

Reserved (Must be 0)

Figure 23. Timer Mode Register
(F1,;: Read/Write)

R242T1
EDEREREE
—E-————— Ty Initial Value

(When Written)
(Range 1-256 Decimal
01-00 HEX)

T4 Current Value
(When READ)

Figure 24. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1
|o7| o8] 05|04 o3| p2| o1 f oo}

l— Count Mode

0=T4 Single Pass
1=Tq Modulo N

Clock Source
1 =Ty Internal
0 = T4 Extarnal Timing Input
(T ) Mode

F Modulo

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

Figure 25. Prescaler 1 Register
(F3,: Write Only)

R244T0
Jo7]os|os]osfoafoz|ot o]

E——————- To Initial Vaiue

n Written)
(Range: 1-256 Decimal
01-00 HEX)

To Current Value
(When READ)

Figure 26. Counter/Timer 0 Register
(F4,: Read/Write)

R245 PREO

CCEEEEER

Count Mode
0=T, Single Pass
1=T, Modulo-n
Reserved (Must be 0.)

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

Figure 27. Prescaler 0 Register
(F5,: Write Only)

R248 P2M
|o7}0s]os]o4]oafp2fo1 | oo}
L——-——-— P2 7 - P2 /O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

Figure 28. Port 2 Mode Register
(F6,;: Write Only)

R247 PIM
[o7] o] 05| p4] 03] p2] o1 oo}

I—- 0 Port 2 Pull-Ups Open-Drain
1 Port 2 Pull-Ups Active

Port 3 Inputs
0 Digital
1Analog

Reserved (Must be 0.)

Figure 29. Port 3 Mode Register
(F7,;: Write Only)
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Z8 CONTROL REGISTERS (Continued)

R248 POTM
|o7| 06| 05| 04| 03] 02| 1] 0]

[—— P05- PO, Mode

00 = Output
01 = input

Reserved (Must be 1.)
Reserved (Must be 0.)

Figure 30. Port 0 and 1 Mode Register
(F8,: Write Only)

R249 IPR
[D7[DT;[Ds|D4|Da|Da|D1[Do|
T | T ]

pt 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=1RQ4 > IRQ1

IRQO, IRQ2 Priority (Group B)
0=IRQ2 > IRQO
1 =1RQ0 > IRQ2

IRQ3, IRQS5 Priority (Group A)
0 =IRQ5 > IRQ3
1=IRQ3 > IRQ5

Reserved (Must be 0.)

Figure 31. Interrupt Priority Register
(F9,,: Write Only)

R250 IRQ
|o7] os| s 04| 03] 02| D1] Do

L—— IRQO = P32 Input {

IRQ1 = P33 Input {
IRQ2 = P31 Input {
IRQ3 = P32 Input T
IRQ4 =TO
IRQ5=T1

Reserved (Must be 0.)

Figure 32. Interrupt Request Register
(FA,: Read/Write)

R251 IMR
EE ]

1 Enables iIRQO-IRQ5
©q =IRQO)

Reserved (Must be 0.)
1

p

Figure 33. Interrupt Mask Register
(FB,: Read/Write)

R252 Flags

=]

| I-— 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)

R253 RP
[o7] os] os] 4| pa] o2 o1] oo

| I Register (Must be 0.)

Register Pointer

Figure 35. Register Pointer
(FD,;: Read/Write)

R255 SPL
|o7] 06| ps| o4 ] o3| o2 ] o1 [ oo}

—L——— Stack Pointer Lower

Byte (SP7 - SPg)

Figure 36. Stack Pointer
(FF,: Read/Write)
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OPERATING MODES

Current 16
(ma) lec at 5.5V

14

12 e

10
Icc at 4.0V
/ / B
8 //
// Iec1 at 5.5V
6 > pmsane=]
/ I
4 lect at 4.0V
2

2 3 4 5 6 7 8 9 10 11 12
Frequency (MHz)

Figure 37. Maximum I ; and |.., vs Frequency in Standard Mode

1

Current loc at 5.5V
™ 5 //
/

6 / lccat4.0v

et |cC1 at 5.5V

lect at 4.0V

1 2 3 4 5 6 7 8 9 10 1 12
Frequency (MHz)

Figure 38. Typical I ; and |, vs Frequency in Standard Mode
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OPERATING MODES (Continued)

Current 8

(ma) / lcc at 5.5V

7 P

6

lcc at 4.0V

\

1 lect at 5.5V
lcc1 at 4.0V

10 15 20 25 30 35 4.0
Frequency (MHz)

Figure 39. Typical I, and I, vs Frequency in Low EMI Mode

1
Current lcc at 5.5V
(ma) 10 /

9 "

8 lec at 4.0V

lcc1 at 5.5V
1 A lec1 at 4.0V

0

1.0 15 20 25 30 35 40
Frequency (MHz)

Figure 40. Maximum | . and I.., vs Frequency in Low EMI Mode
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Time
(ms) 80
75 — 4.0v
70 / /
/
60 e L 48V
—/
55 — |
L . 5.0V
/
45 5.5V
/r’-' e
=
35 | "1 | Temp
-5°C 25°C 75°C
Figure 41. Typical POR Time Out Period vs Temperature
Time 34
(ms) 4.0V
et e
32 //
30
28 /
/
26 A 45V
22 ] 5.0V
"] /
20 | —
I, 5.5V
16 —
g
1 | —T | Temp
-5°C 25°C 75°C

Figure 42. Typical WDT Time Out Period vs Temperature

6-33



N 2iLa5

Z86E07 CMOS Z8° 8-Brr
OTP MICROCONTROLLER

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 Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol Meaning

C Carry flag

V4 Zero flag

S Sign flag

Vv Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined




Z86E07 CMOS Z8° 8-Brr

N 2iILa5 OTP MCROCONTROLLER
CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 - Always true -

0111 C Carry C=1

1111 NC No Carry C=0

0110 z Zero Z=1

1110 NZ Not zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXOR V)=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 [ZOR (S XOR V)}=1

1111 UGE Unsigned greater than or equal Cc=0

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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@2“.‘]5 OTP MICROCONTROLLER
INSTRUCTION FORMATS
GCF, DI, L IRET, NOP,
RCF, RET, SCF
One-Byte Instructions
opc | moDE CLF(l: CPL, oAﬁg%c orc | MODE ADcéADg. ANsD, CP,
DECW, INC, | LD, OR, SBC, SUB,
gt Jom|1110] dstsc] pop, pusk, AL, ALC, sre oRp1110] sc | Tc,TM, XOR
RR, RRC, SRA, SWAP dst or] 1110 dst
OPC JP, CALL (Indirect)
dst orf1110] st | OPC | MODE ADC, ADD, AND, CP,
LD, OR, SBC, SUB,
dst orf1110] ot | 7o i xoR
OPC SRP VALUE
VALUE
MODE | OPC D
OPC | MODE ADC, ADD, AND, CP, src or|1110] src
dt_| e o o SUB. oM. ast or[1110] o
MODE | OPC LD, LDE, LDEI, MODE | oPcC b
dst/src | sro/dst LDG, LbCH dst/src X
ADDRESS
dstsrc | OPC LD
sro/dst orf1110] sc | cc | orc P
DAU
dst | opPC D DAL
VALUE
OPC CALL
ast/CC | OPC DINZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-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
dataandthe resultis stored in the destination location. The

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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INSTRUCTION SUMMARY
Address Opcode Address Opcode
Instruction Mode  Byte Flags Affected Instruction Mode  Byte Flags Affected
and Operation dst src (Hex) CZ S VDH andOperation dst src  (Hex) CZSVDH
ADC dst, src t 1] % % % %k 0 %k INCdst r ik - ok ok % - -
dste—dst + src +C dste—dst +1 r=0-F
ADD dst, src T o] ¥ ok ok % 0 ¥ n x
dste—dst + src
AND dst, src t 51 - xx0 - - L’;ﬁf’dgf‘” :;R 2? TRk k- -
dste—dst AND src
* %
CALL ot DA D6 - e e BF * ok kK ok ok
SP&SP -2 IRR D4 !
PC SPSP +1
@SPFC, PC@SP:
PCedst SPeSP+2:
CCF EF % - - - - - IMR(T)e1
CeNoTe JP cc, dst DA - - - - .-
CLR dst R BO - - - - - - if cc is true, c=0-F
dste-0 IR B1 PCe—dst IRR 30
COM dst R 60 - % %0 - - JR cc, dst RA B [
dste—NOT dst R 61 if cc is true, c=0-F
PC«PC + dst
CP dst, src t Al * % k k - - Range: +127,-128
dst—src
LD dst, src r Im C - - - - -
DA dst R 40 k % k% X - - dste=src r R 8
dste—DA dst R 41 R r 9
DEC dst R 00 . . [;O‘F \
dste—dst—1 IR 01 X r 07
DECW dst RR 80 - % %k % - - ro E3
dste—dst -1 R 81 It F3
R R E4
DI 8F R R R E5
|MR(7)€—0 R IM E6
DJNZr, dst RA rA - - - .- - - :g g\ll E;
rer—1 r=0-F
ifr=0 LDC dst, src roir C2 - - - - -
PC«PC + dst dste=sre
Range: +127, -128
LDCI dst, src It Ir C3 - - - - - -
El e dste-src
IMR(7)e1 rer+1;
HALT F - - - - - - e~ +1
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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 sre  (Hex) CZSVDH
NOP FF - - - - - - sTOP 6F 1 - - - - -
OR dst, src t 4] - % %0 - - SUB dst, src t 21 % %k % k 1 %
dste—dst OR src dste—dst—src
POP dst R 50 - - - - - - SWAP dst R FO X