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INTRODUCTION 

Zilog's Focus on Application Specific Products Helps You 
Maintain Your Technological Edge 

Zilog's Consumer products are suitable for a broad range of applications, from general-purpose uses 
to application specific markets such as IR remote control, security systems, cable TV receivers, and TV 
satellite systems. Whichever device you choose, you'll find a comprehensive feature set, easy-to-use 
development tools and, application specific expertise to help speed your design into production. Once 
designed in, the product family allows easy migration of your application using the same hardware and 
software. 

Z86C07 CMOS Z8® 8-Bit Microcontroller 
The Z86C07 is a member of the Z8® single-chip microcontroller family with 2 Kbytes of ROM and 124 
bytes of general-purpose RAM. This device is housed in 18-pin DIP and 18-pin SOIC packages and is 
manufactured in CMOS technology. The Z86C07 is characterized by a flexible 1/0 scheme, an efficient 
register and address space structure, and a number of ancillary features that are useful in many 
consumer, and industrial applications. 

Z86C08 CMOS ZS® S-Bit Microcontroller 
The Z86COS is a member of the ZS® single-chip microcontroller family with 2 KBytes of ROM and 124 
bytes of general-purpose RAM. As in the ZS6C07, this device is housed in 1 S-pin DIP and 1 S-pin SOIC 
packages and is manufactured in CMOS technology. The Z86COS offers all the outstanding features 
of the ZS family architecture, and easy software/hardware system expansion along with low cost, low 
power consumption. 

ZS6EOS CMOS ZS® S-Bit Microcontroller 
Zilog's Z86EOS is the OTP version of the ZS6C08 with 2 Kbytes of OTP. The device is housed in an 
1S-pin DIP, and is manufactured in CMOS technology. The device allows for easy software develop
ment and debug, prototyping, and small production runs not economically desirable with a masked ROM 
version. 

Z86C11 CMOS Z8® 8-Bit Microcontroller 
The Z86C11 features 4 Kbytes of ROM and 256 bytes of RAM. The MCU is housed in a 40-pin DIP, 
44-pin PLCC, or a 44-pin QFP package. The ROM less pin option is available on the 44-pin versions only. 
Having the ROM/ROMless selectively, this device offers both external memory and preprogrammed 
ROM. This enables the ZS microcontroller to be used in high volume applications, or where code 
flexibility is required. 

ZS6C12 CMOS ZS® In-Circuit Emulator Microcontroller 
The ZS6C12 architecture is characterized by Zilog's S-bit microcontroller core. The device offers fast 
execution, more efficient use of memory, more sophisticated interrupts, input/output bit manipulation 
capabilities, easy hardware/software system expansion, a flexible 1/0 scheme, an efficient register and 
address space structure, multiplexed capabilities between address/data, and a number of ancillary 
features that are useful in many industrial and advanced scientific applications. 
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ZS6C21 SK ROM CMOS ZS® Microcontroller 
Zilog's ZS6C21 CMOS microcontroller offers fast execution, efficient use of memory, sophisticated 
interrupts, input/output bit manipulation capabilities, and easy hardware/software system expansion 
along with low cost and low power consumption. The ZS6C21 architecture is characterized by Zilog's 
S-bit microcontroller core. The device offers a flexible 1/0 scheme, an efficient register and address 
space structure, multiplexed capabilities between address/data, 1/0, and a number of ancillary features 
that are useful in many consumer applications. 

ZS6E21 CMOS ZB® Microcontroller With SK OTP 
The ZS6E21 is a pin compatible, OTP version of the ZS6C21. The Z86E21 contains 8 Kbytes of EPROM 
memory in place of the S Kbytes of ROM on the ZS6C21. This MCU is housed in a 40-pin DIP, 44-pin 
PLCC, or a 44-pin QFP, and is manufactured in CMOS technology. The ROMless pin option is available 
on the 44-pin versions only. The ZS6E21 offers fast execution, efficient use of memory, sophisticated 
interrupts, input/output bit manipulation, easy hardware/software system expansion along with low cost 
and low power consumption. 

ZS6C61/62/96 CMOS ZS® Microcontroller 
The ZS6C61 /62/96 is a member of the ZS single-chip microcontroller family. It is pin compatible with the 
ZS6C21 but has twice the on-board memory with 16 Kbytes of ROM. It offers all the outstanding features 
of the ZS family architecture. The device provides up to 16 output address lines permitting an address 
space of up to 4S Kbytes of external program and data memory each. The 256-byte register file consists 
of 236 general-purpose registers, four 1/0 port registers, and 16 status and control registers. 

ZS6C63/64 32K ROM CMOS ZB® Microcontroller 
The ZS6C63/64 is a 32K ROM version of the ZS single-chip microcontroller family. It is pin compatible 
with the ZS6C61/62 but has twice the on-board memory with 32 Kbytes of RAM. Compatibility between 
the C21, C61 and C63 allows users to build on their existing hardware and software design, providing 
the flexibility needed to meet the challenge of todays market needs. 

ZS6C91 CMOS ZS® ROMless Microcontroller 
The ZS6C91 is a member of the ROM less ZS single-chip microcontroller family with 236 bytes of RAM. 
The MCU is packaged in a 40-pin DIP, 44-pin PLCC or a 44-pin QFP. The ZS6C91 is a ROMless device 
that offers the use of external memory which enables this ZS MCU to be used where code flexibility is 
required. 

ZS6C93 CMOS ZB® Multiply/Divide Microcontroller 
The ZS6C93 is a CMOS ROM less ZS Microcontroller enhanced with a hardwired 16-bit x 16-bit multiplier 
and 32-bit/16-bit divider and three 16-bit counter timers. A capture register and a fast decrement mode 
is also provided. The device is housed in a 40-pin DIP, 44-pin PLCC, 44-pin QFP, or 4S-pin VQFP 
package and is manufactured in CMOS technology. Besides the four additional signals (SCLK, IACK, 
/SYNC, and /WAIT), the ZS6C93 is compatible with the ZS6C91, yet is offers a much more powerful 
mathematical capability, 
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FEATURES 

• S-Bit CMOS Microcontroller 

• 1S-Pin DIP Package 

• Low Cost 

• 3.0 to 5.5 Volt Operation Range 

• Low Power Consumption; 50 mW (typical) 

• Low Voltage Protection 

• Fast Instruction Pointer; 1 µsat 12 MHz 

• Two Standby Modes - STOP and HALT 

• 14 Input/Output Lines 

• Three Digital Inputs at CMOS Levels 

• Eleven Digital Inputs at CMOS Levels; 
Schmitt-Triggered 

GENERAL DESCRIPTION 

The ZS6C07 Microcontroller Unit (MCU) introduces a new 
level of sophistication to single-chip architecture. The 
ZS6C07 is a member of the ZS single-chip microcontroller 
family with 2 Kbytes of ROM and 124 bytes of general
purpose RAM. The device is housed in 1S-pin DIP, and 
1S-pin SOIC, and is manufactured in CMOS technology. 
The Zilog ZS6C07 offers all the outstanding features of the 
ZS family architecture, and easy software/hardware sys
tem expansion along with low cost, low power consump
tion. 

The ZS6C07 is characterized by a flexible 1/0 scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many con
sumer, and industrial applications. 

PRELIMINARY PRODUCT SPECIFICATION 

Z86C07 
CMOS ZB® 8-BIT 
MICROCONTROLLER 

• Extended Temperature Operation -40°C to + 105°C 

• 2 Kbytes of ROM 

• 124 Bytes of RAM, 

• Two Programmable S-Bit Counter{Timers Each with a 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from Six Different 
Sources 

• Clock Speeds S and 12 MHz 

• On-Board Power-On Reset Circuit 

• Permanently Enabled Watchdog Timer 

• Two Comparators with Programmable Interrupt Polarity . 

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

For applications which demand powerful 1/0 capabilities, 
the ZS6C07 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/0, timing, 
and status signals. 

There are two basic address spaces available to support 
this wide range of configurations, Program Memory, and 
124 bytes of general-purpose registers. 

1-1 



PRELIMINARY 

GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C07 
CMO$ZS®MCU 

To unburden the program from coping with real-time tasks 
such as counting/timing and 1/0 data communications, the 
Z86C07 offers two on-chip counter/timers with a large 
number of user selectable modes. Also, there are two on
board comparators that can process analog signals with a 
common reference voltage (Figure 6). 

All Signals with a preceding front slash,"/', are active Low, e.g.: 

1-2 

Input 

Port3 

Counter/ 
Timers(2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

B/NJ (WORD is active Low); /BNJ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Vee 

Connection 

Power 
Ground 

GND 

Circuit 

XTAL 

Machine 
..-------. ...--------..11 Timing & Inst. 

ALU 

FLAG 

Register 
Pointer 

Register File 
144x8-Bit 

1/0 

Control 

Device 

Figure 1. Functional Block Diagram 



~2iUJG 
Z86C07 

p RELIMINARY CMOSZS®MCU 

PIN DESCRIPTION 

Table 1. 18-Pin DIP Pin Identification 
P24 18 P23 

Pin# Symbol Function Direction 
P25 2 17 P22 

P26 3 16 P21 1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 
5 Vee Power Supply Input 

P27 4 15 P20 6 XTAL2 Crystal Oscillator Clock Input 

vcc 5 14 GND 7 XTAL1 Crystal Oscillator Clock Output 
8 P31 Port 3, Pin 1, AN1 Input 

XTAL2 6 13 P02 

XTAL1 7 12 P01 9 P32 Port 3, Pin 2, AN2 Input 
10 P33 Port 3, Pin 3, REF Input 

P31 8 11 POO 11-13 POO-P02 Port 0, Pins 0, 1, 2 In/Output 

P32 9 10 P33 14 GND Ground Input 

II 15-18 P20-P23 Port 2, Pins 0, 1 ,2, 3 In/Output 

Figure 2. 18-Pin DIP Pin Configuration 

P24 18 P23 

P25 2 17 P22 

P26 3 16 P21 

P27 4 15 P20 
Z86C07 

Vee 5 SOIC 
14 GND 

XTAL2 6 13 P02 

XTAL1 7 12 P01 

P31 8 11 POO 

P32 10 P33 

Figure 3. 18-Pin SOIC Pin Configuration 

Table 2. 18-Pin SOIC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 9 P32 Port 3, Pin 2, AN2 Input 
5 Vee Power Supply Input 10 P33 Port 3, Pin 3, REF Input 
6 XTAL2 Crystal Oscillator Clock Input 11-13 POO-P02 Port 0, Pins 0, 1, 2 In/Output 
7 XTAL1 Crystal Oscillator Clock Output 14 GND Ground Input 
8 P31 Port 3, Pin 1, AN1 Input 15-18 P20-P23 Port 2, Pin 0, 1, 2, 3 In/Output 
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PRELIMINARY 
Z86C07 

CMOSZS®MCU 

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 
(12 MHz max) to the on-chip clock oscillator and buffer. 

MCU 

OEN 

Out 

Port 0 (P02-POO). Port 0 is a 3-bit 1/0, nibble program
mable, bidirectional, CMOS compatible 1/0 port. These 
three 1/0 lines can be configured under software control to 
be an input or output (Figure 4). 

Port 0 (1/0) 

1.5 ....... 2.3 Hysteresis Vee @ 5.0V 

In 

Figure 4. Port 0 Configuration 
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PRELIMINARY 
Z86C07 

CMOSZS"'MCU 

Port 2 (P27-P20). Port 2 is an 8-bit 1/0, bit programmable, 
bidirectional, CMOS compatible 1/0 port. These eight 1/0 
lines can be configured under software control to be an 

Open Drain 

OEN 

Out 

input or output, independently. Bits programmed as out
puts may be globally programmed as either push-pull or 
open-drain (Figure 5). 

Port 2 (1/0) 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

Figure 5. Port 2 Configuration 
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~2iUJG PRELIMINARY Z86C07 
CMOSZB®MCU 

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 control as digital 

MCU 

R247 = P3M 

PAD 
P31 (AN1) 

PAD 
P32 (AN2) 

P33 (REF) 
PAD 

Vccf---o 

inputs or analog inputs. These three input lines can also be 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T1N) (Figure 6). 

1 =Analog 
0 =Digital 

Port3 

P31 
Data Latch 
IRQ, lin 

IRQ3 
P32 
Data Latch 
IRQO 

P33 
Data Latch 
IRQ1 

IRQ 0, 1,2 =Falling Edge Detection 
IRQ 3 = Rising Edge Detection 

Figure 6. Port 3 Configuration 

Comparator Inputs. Two analog comparators are added 
to Port 3 inputs for interface flexibility. 

Typical applications for the on-board comparators are: 
Zero crossing detection, AID 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 

1-6 

supply and common mode rejection ratios are 90 dB and 
60 dB, respectively. 

Interrupts are generated on either edge of comparator 2's 
output, or on the falling edge of comparator 1 's output. The 
comparator output may be used for interrupt generation, 
Port 3 data inputs, or T1N through P31. Alternatively, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 



PRELIMINARY 
Z86C07 

CMOSZB®MCU 

FUNCTIONAL DESCRIPTION 

The ZS MCU incorporates special functions to enhance the 
ZB's versatility in consumer, industrial, and advanced 
technologies applications. 

POR 
(Cold Start) 

P27 
(Stop Mode) 

INTOSC 

Delay Line 
12 µsec 

Vee@ 5.5V 

Reset. Upon power-up the Power-On Reset circuit waits 
for 50 µsec plus 18 crystal clocks and then starts program 
execution at address %000C (HEX) (Figure 7). Reference 
the Z86C07 control registers' Reset value (Table 3). 

XTALOSC 

18 CLK 
Reset Filter 

Chip 
Reset 

Figure 7. Internal Reset Configuration 

Table 3. Z86C07 Control Registers 

Reset Condition 
Addr. Reg. 07 06 05 04 03 02 01 DD Comments 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 

F6* P2M Inputs after 
reset 

Fl* P3M u u u u u u 0 0 
F8* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3 is 

used for 
positive 
edge detec-
ti on 

PB IMR 0 u u u u u u u 
PC FLAGS u u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 

FE SPH u u u u u u u u Not used, 
stack 
always 
internal 

FF SPL u u u u u u u u 
Note: 
• Registers are not reset after a Stop-Mode Recovery using P27 pin. 

A subsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid bus contention on the port 
pins or 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. 

20 48 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ !"'-
11 

10 

9 

8 

7 

6 

5 ['-... 

1-r ?-
3 

2 

1 

0 

On-Chip 
ROM 

- - - - -

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 8. Program Memory Map 

- -
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PRELIMINARY 
Z86C07 

CMOSZB®MCU 

FUNCTIONAL DESCRIPTION (Continued) 

Register File. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 15 control 
and status registers (R3-RO, R127-R4 and R255-R241, 
respectively - Figure 9). The Z86C07 instructions can 
access registers directly or indirectly through an 8-bit 
address field. This allows short 4-bit register addressing 

Location 

1-8 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

240 

128 

127 

4 

3 

2 

0 

Stack Pointer (Bits 7-0) 

Reserved 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port 3 Mode 

Port2 Mode 

To Prescaler 

Timer/Counter O 

T1 Prescaler 

Timer/Counter 1 

Timer Mode 

Not Implemented 

General Purpose 
Registers 

Port3 

Port 2 

Reserved 

Porto 

Figure 9. Register File 

lndentifiers 

SPL 

RP 

Flags 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

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. 

r7 r6 r5 r4 r3 r2 r1 ro R253 
(Register Pointer) 

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

--__(FF I} 
\ FO .._ ___________ _. R15toRO 

7F 

70 
6F 

60 
SF 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group 

Register Group 1 

Register Group O 

~ 

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

)-::::: 
~----------------- ~ R3to RO 1/0 Ports 

Figure 10. Register Pointer 



PRELIMINARY 
Z86C07 

CMOSZS®MCU 

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-bit programmable counter/ 
timers (TO and T1 ), each driven by its own 6-bit program
mable prescaler. The T1 prescaler can be driven by 
internal or external clock sources, however the TO can be 
driven by the internal clock source only (Figure 11 ). 

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

Clock 
Logic 

liN P31 

* 

Internal 
Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

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

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

The counters, but not the prescalers are read at any time 
without disturbing their value or count mode. The clock 
source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P30) as an external 
clock, a trigger input that is retriggerableor notretriggerable, 
or as a gate input for the internal clock. 

Internal Data Bus 

Write 

Write 

TO 
Initial Value 

Register 

8-Bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Read 

Read 

TO 
Current Value 

Register 

T1 
Current Value 

Register 

IRQS 

Figure 11. Counter!Timers Block Diagram 
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PRELIMINARY 
Z86C07 

CMOSZS®MCU 

FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C07 has six interrupts from six different 
sources. These interrupts are maskable and prioritized 
(Figure 12). The six sources are divided as follows: the 
falling edge of P31 (AN1 ), P32 (AN2), P33 (REF), the rising 
edge of P32 (AN2), and the two counter/timers. The Inter
rupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 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 Z86C07 inter
rupts are vectored through locations in program memory. 
When an interrupt machine cycle is activated, an interrupt 
request is granted. This disables all subsequent inter
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

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. 

Table 4. Interrupt Types, Sources, and Vectors 

Source Name Vector Location Comments 

AN2(P32) IRQO 0, 1 External (F)Edge 
REF(P33) IRQ1 2,3 External (F)Edge 
AN1(P31) IRQ2 4,5 External (F)Edge 
AN2(P32) IRQ3 6,7 External (R)Edge 
TO IRQ4 8,9 Internal 
T1 IRQ5 10, 11 Internal 

Notes: 
F = Falling edge triggered 
R = Rising edge triggered 

IRQO- IRQ5 

1-10 

Interrupt 
Request 

Global 
Interrupt 
Enable 

IRQ 

• • • 

IMR 

IPR 

PRIORITY 
LOGIC 

Vector Select 

Figure 12. Interrupt Block Diagram 
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PRELIMINARY 
Z86C07 

CMOSZS®MCU 

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 
(XTAL 1 = lnput,XTAL2=0utput). The crystal should beAT 
cut, 12 MHz max, with a series resistance (RS) less than or 
equal to 100 Ohms. 

The crystal should be connected acrossXTAL 1 and XTAL2 
using the vendor's crystal recommended capacitors (ca
pacitance is between 10 pF to 250 pF which depends on 
the crystal manufacturer, ceramic resonator and PCB 
layout) from each pin directly to device ground pin 14 
(Figure 13). 

Note that the crystal capacitor loads should be connected 
to V88, pin 14 to reduce Ground noise injection. 

HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
device can be recovered by interrupts, either externally or 
internally generated. The program execution begins at 
location OOOC (HEX). An interrupt request must be ex
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

$TOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 µA. The STOP Mode can be released by two 
methods. The first method is a RESET of the device by 
removing Vee· 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. 

Program execution under both conditions begins at loca
tion OOOC (HEX). However, when P27 is used to release the 
STOP Mode, the 1/0 port mode registers are not 

XTAL1 

C1I 

• 
C1I 

-= -::-

XTAL2 
C2I C2I 

-= -::-

Ceramic LC Clock 
Resonator 
or Crystal 

reconfigured to their default power-on conditions. This 
prevents any 1/0, configured as output when the STOP 
instruction was executed, from glitching to an unknown 
state. 

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

OR P2M, #80H 
NOP 
STOP 

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

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
?F HALT ; enter HALT mode 

Watch-Dog Timer (WDT). The Watch-Dog Timer is per
manently enabled. The WOT should be refreshed at least 
every 10 msec; otherwise, the Z86C07 resets itself. 

WDT = SF (HEX). 

Opcode WOT (5FH). Execution of the command clears the 
WDT counter. This has to be done at least every 15 msec. 
Otherwise, the WDT times out and generates a Reset. The 
generated Reset is the same as a Power-On Reset of TPoR 
plus 18µsec+18 XTAL clock cycles. The WDT instruction 
affects the Flags accordingly: Z = 1, S = 0, V = 0. 

XTAL1 XTAL1 

L 

XTAL2 XTAL2 

External Clock 

Figure 13. Oscillator Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

Low Voltage Protection (VLv).The Low Voltage trip volt
age (V Lv) is less than 3 volts and above 1.4 volts under the 
following conditions: 

Maximum (VLv) Conditions: 

Case 1 TA= -40°C, + 105°C, Internal Clock Frequency 
equal or less than 1 MHz 

Case2 TA= -40°C, +85°C, Internal Clock Frequency 
equal or less than 2 MHz 

Note: The internal clock frequency is one-half the external 
clock frequency. 

Vee 2.80 
(Volts) 

2.60 

2.40 

2.20 

The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Low Voltage Protection trip point (V Lv) is reached. The 
device is guaranteed to function normally at supply volt
ages above the low voltage trip point for the temperatures 
and operating frequencies in Case 1 and Case 2 above. 
The actual low voltage trip point is a function of tempera
ture and process parameters (Figure 14). 

2 MHz (Typical) 

Temp 

VLV 

-40°C 
2.55 

0°C 
2.4 

+25°C 
2.1 

+70°C 
1.7 

+105°C 
1.6 

2.00 

1.80 

~ VLV (Typical) 

1.60 

~ 
1.40 ------------------------------60 -40 -20 0 20 40 60 80 100 120 140 

Temperature (°C) 

Power-On Reset threshold for Vee and 4 MHz VLv overlap 

Figure 14. Typical Z86C07 VLv vs Temperature 

1-12 



PRELIMINARY 
ZB6C07 

CMOSZB®MCU 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Min Max Units 

Vee Supply Voltage* -0.3 +7 v 
TSTG Storage Temp -65° + 150° c 
TA Oper Ambient Temp t t c 

Notes: 
·voltages on all pins with respect to GND 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 15). 

CAPACITANCE 
TA= GND = OV, f = 1.0 MHz, unmeasured pins to GND 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Vee SPECIFICATION 
Vee= 3.0V to 5.0V 

Max 

10 pF 
20 pF 
25 pF 

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

From Output 
Under Test o--------. 

150 pF ... t 
I I 

Figure 15. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 

TA= 0°c to +70°C TA =-40°C to +105°C Typical 
Sym Parameter Vee Min Max Min Max @25°C Units Conditions 

Max Input Voltage 3.0V 12 12 v JIN= 250 µA 
5.5V 12 12 v JIN= 250 µA 

veH Clock Input High 3.0V 0.8 Vee Vee+0.3 0.8 Vee Vee+0.3 1.7 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee Vee+0.3 0.8 Vee Vee+0.3 2.75 v Driven by External 
Clock Generator 

veL Clock Input Low 3.0V vss--0.3 0.2 Vee vss-0.3 0.2 Vee 0.8 v Driven by External 
Voltage Clock Generator 

5.5V vss--0.3 0.2 Vee vss--0.3 0.2 Vee 1.5 v Driven by External 
Clock Generator 

VIH Input High Voltage 3.0V 0.7Vee vee+0.3 0.7 Vee vee+0.3 1.8 v 
5.5V 0.7 Vee vee+0.3 0.7 Vee vee+0.3 2.8 v 

VIL Input Low Voltage 3.0V vss-0.3 0.2 Vee vss-0.3 0.2 Vee 0.8 v 
5.5V vss-0.3 0.2 Vee vss--0.3 0.2 Vee 1.5 v 

VOH Output High Voltge 3.0V vee-0.4 vee-0.4 3.0 v J0H = -2.0 mA [5] 
5.5V vee-0.4 vee-0.4 4.8 v l0H = -2.0 mA [5] 
3.0V vee-0.4 vee-0.4 v Low Noise@ 0.5 mA 
5.5V vee-0.4 vee-0.4 v Low Noise@ 0.5 mA 

VOL1 Output Low Voltage 3.0V 0.8 0.8 0.2 v l0L = +4.0 mA [5] 
5.5V 0.4 0.4 0.1 v l0L = +4.0 mA [5] 
3.0V 0.4 0.4 v Low Noise@ 0.5 mA 
5.5V 0.4 0.4 v Low Noise@ 0.5 mA 

VOL2 Output Low Voltage 3.0V 1.0 1.0 0.8 v 10L=+12mA, 
3 Pin Max [5] 

5.5V 0.8 0.8 0.3 v l0L = +12 mA, 
3 Pin Max [5] 

VOFFSET Comparator Input 3.0V 25 25 10 mV 
Offset Voltage 5.5V 25 25 10 mV 

VLV Vee Low Voltage 2.7 2.95 2.1 v @1 MHz Max, 
Int. CLK Freq 

l1L Input Leakage 3.0V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 
(Input Bias 5.5V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 
Current of 
Comparator) 

IOL Output Leakage 3.0V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 
5.5V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 

vleMR Input Common 0 vee-1.0 0 Vee -1.5 v 
Mode Range 
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TA= 0°C to +7D°C TA =-40°C to +105°C Typical 
Sym Parameter Vee Min Max Min Max @25°C Units Conditions 

ICC Supply Current 3.0V' 3.5 3.5 1.5 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating@ 8 MHz 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating@ 8 MHz 

3.0V 10 10 3.6 mA All Output and 1/0 Pins 
Floating@ 12 MHz 

5.5V 15 15 9.0 mA All Output and 1/0 Pins 
Floating@ 12 MHz 

ICC1 Standby Current 3.0V 2.5 2.5 0.7 mA HALT Mode V1N = OV, 
Vcc@2MHz 

5.5V 4.0 5.0 2.5 mA HALT Mode V1N = OV, 
Vcc@2MHz 

3.0V 4.0 4.0 1.0 mA HALT Mode V1N = OV, 
Vcc@8MHz 

5.5V 5.0 5.0 3.0 mA HALT Mode V1N = OV, 
Vcc@8MHz 

3.0V 4.5 4.5 1.5 mA HALT Mode V1N = OV, 
Vee@ 12 MHz 

5.5V 7.0 7.0 4.0 mA HALT Mode V1N = OV, 
Vcc@12 MHz 

ICC Supply Current 3.0V 3.5 3.5 1.5 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating @ 1 MHz 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating@ 1 MHz 

3.0V 5.8 5.8 2.5 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

5.5V 9.0 9.0 4.0 mA All Output and 1/0 Pins 
Floating @ 2 MHz 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating@ 4 MHz 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating@ 4 MHz 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TA= 0°C to +7D°C TA =-40°C to +105°C 
Sym Parameter Vee Min Max Min Max 

ICC1 Standby Current 3.0V 1.2 1.2 
(Low Noise Mode) 

5.5V 1.6 1.6 

3.0V 1.5 1.5 

5.5V 1.9 1.9 

3.0V 2.0 2.0 

5.5V 2.4 2.4 

ICC2 Standby Current 3.0V 10 20 

5.5V 10 20 

Notes: 
[1] lcc1 Typ Max Unit Freq 

Clock Driven 0.3 5.0 mA BMHz 
Crystal/Resonator 3.0 5.0 mA BMHz 

[2] vss =av= GND 

[3] For 2. 75V operating, the device operates down to V,v· The minimum 
operational Vee is determined on the value of the voltage V,v at 
the ambient temperature. The v,v increases as the temperature 
decreases. 

[4] V cc = 3.0V to 5.5V 

[5] Standard Mode (not Low EMI Mode) 
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Typical 
@25°C Units 

0.4 mA 

0.9 mA 

0.5 mA 

mA 

0.8 mA 

0.3 mA 

1.0 µA 

1.0 µA 

Z86C07 
CMOSZS®MCU 

Conditions 

HALT Mode V1N = OV, 
Vcc@1 MHz 
HALT Mode V1N = OV, 
Vee@ 1 MHz 
HALT Mode V1N = OV, 
Vcc@2MHz 
HALT Mode V1N = OV, 
Vee @2 MHz 
HALT Mode V1N = OV, 
Vcc@4MHz 
HALT Mode V1N = OV, 
Vcc@4 MHz 

STOP Mode V1N = OV, 
Vee WDT is not Running 
STOP Mode V1N = OV, 
V cc WDT is not Running 



PRELIMINARY 

DC ELECTRICAL CHARACTERISTICS 
Timing Diagrams 

Clock 

Figure 16. Electrical Timing Diagram 

Z86C07 
CMOSZS®MCU 
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. CMOS ZB®MCU 

AC ELECTRICAL CHARACTERISTICS 
Timing Table (Standard Mode) 

TA =-4D°C to +105°C 
8 MHz 12MHz 

No Symbol Parameter Vee Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 100,000 83 100,000 ns [1) 
5.5V 125 100,000 83 100,000 ns [1) 

2 TrC,TfC Clock Input Rise 3.0V 25 15 ns [1) 
and Fall Times 5.5V 25 15 ns 

3 TwC Input Clock Width 3.0V 62 41 [1) 
5.5V 62 41 ns [1) 

4 TwTinL Timer Input Low Width 3.0V 100 100 ns [1) 
5.5V 70 70 ns [1) 

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC [1) 
5.5V 5TpC 5TpC [1) 

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

7 Tr Tin, Timer Input Rise 3.0V 100 100 ns (1) 
T!Tin and Fall Timer 5.5V 100 100 ns [1) 

8 Twll Int. Request Input 3.0V 100 100 ns (1,2) 
Low Time 5.5V 70 70 ns [1,2) 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC (1) 
High Time 5.5V 5TpC 5TpC (1,2) 

10 Twdt Watch-Dog Timer 3.0V 25 25 ms (1) 
Delay Time 5.5V 10 10 ms [1) 

11 Tpor 3.0V 24 24 ms (1) 
5.5V 12 12 ms (1) 

Notes: 
[1] Timing Reference uses 0.7 Vex; for a logic 1 and 0.2 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31). 

1-18 



PRELIMINARY 
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Low Noise Version 

Low EMI Emission 
The Z86C07 can be programmed to operate in a Low EMI 
emission mode by means of a mask ROM bit option. Use 
of this feature results in: 

• Less than 1 mA consumed during HALT mode, -0°C 
to +70°C. 

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

• Internal SLCK,'TCLK operation limited to a maximum of 
4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

The Low EMI mode is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 

EMI Characteristics 

The Z86C07 operating in the Low EMI mode generates 
EMI as measured in the following chart: 

The measurements were made while operating the Z86C07 
in three states: (1) Idle condition; (2) static output; (3) 
switched output. 

Near Field EMI Analysis 
Z86C07 Low Noise 

'E -75 ID 
:!:!.. 
'ii 
> 
GI 

..J 

.II: as -80 
GI 
a. 

30-60 140-160 

Frequency (MHz) 

300-400 700-1000 

Idle 

- - - - - - - - - - - - - - Static 

Switch 

Figure 17. Low Noise Analysis 
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AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= 0°c lo +70°C TA= -40°C to + 105°C 
1 MHz 4 MHz 1 MHz 4MHz 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

5 TwTinH Timer Input High Width 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 
5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 

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

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

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

9 TwlH Int. Request Input 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 
High Time 5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1,2] 

10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1] 
Delay Time 5.5V 12 12 10 10 ms [1] 

Notes: 
[1) Timing Reference uses 0.8 Vee for a logic 1 and 0.2 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31 ). 
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ZS CONTROL REGISTER DIAGRAMS 

R241 TMR 

R242T1 

R243 PRE1 

No Function 
Load To 

Disable T 0count 
Enable T 0 Count 

No Function 
Load T 1 

Disable T 1 Count 
Enable T 1 Count 

T1N Modes 
00 External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Reserved (Must be 0.) 

Figure 18. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 
T1 Current Value 
(When READ) 

Figure 19. Counter Time 1 Register 
(F2H: Read/Write) 

Count Mode 
O T 1 Single Pass 
1 T 1 Modulo 

Clock Source 
1 T 1 Internal 
O T 1 External Timing Input 

(T1N) Mode 

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

Figure 20. Prescaler 1 Register 
(F3H: Write Only) 

R244 TO 

R245 PREO 

R246 P2M 

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

Figure 21. Counter/Timer O Register 
(F4H: Read/Write) 

Count Mode 
O T 0 Single Pass 
1 T 0 Modulo-n 

Reserved (Must be 0.) 

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

Figure 22. Prescaler 0 Register 
(F5H: Write Only) 

I D7 I Ds I D5 I D4 I D3 I D2 I D1 I Do I 

R247 P3M 

P2 r P2o 1/0 Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit as INPUT 

Figure 23. Port 2 Mode Register 
(F6H: Write Only) 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I Do I 

~ O Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 

Port 3 Inputs 
o Digital 
1 Analog 

Reserved (Must be 0.) 

Figure 24. Port 3 Mode Register 
(F7 H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

R248 P01M 

lmlool~l~l 00 l~l~lool 

R249 IPR 

-r-

R250 IRQ 

1-22 

I L__ 
P00 - P03 Mode 
00= Output 
01 Output 

Reserved (Must be 0.) 

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

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

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

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

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

Reserved (Must be 0.) 

Figure 26. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P32 Input 
IR04=T0 
IR05=T1 

Reserved (Must be O.) 

Figure 27. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

lmlool~l~lool~l~lool 

I~' - 1 Enables IRQ5-IRQO 
(Do= IRQO) 

Reserved (Must be 0.) 

1 Enables Interrupts 

R252 Flags 

R253 RP 

R255 SPL 

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

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 29. Flag Register 
(FCH: Read/Write) 

Must be o. 

Register Pointer 

Figure 30. Register Pointer 
(FDH: Read/Write) 

Stack Pointer Lower 
Byte (SPo - SP7) 

Figure 31. Stack Pointer 
(FF H: Read/Write) 



DEVICE CHARACTERISTICS 

~ 
Ice (mA) 14.0 

12.0 

11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
2 

PRELIMINARY 

5.5V 

5.sv 
~-3.0V 

----+---___,,,, - - I- -

4 6 8 10 

3.0V 

12 14 
Frequency (MHz) 

Figure 32. Maximum lcc vs Frequency 

Ice (mA) 

12.0 1-------.---,..-----,---,..----,-----r------. 

11.0 l-----+---+----+--+----+---+-----1 

10.0 1-----+---+----+--+----+-z----.0-5-.5-V---1 

9.0 J----+----f----+--1---...d--+V'"----l----l 

8.0 t-----+---+-----+--+-------+---+-----1 
_...)/' 

7.01----+--+i-~-= ..... ~-+---+---+----l 
6.0 l-------l-"""'--=--+~----+--1------+---+-~ 
5.0 l-----+---+----+--+----+---+-----1 

5.5V 
4.0 l----+--+----+----:±-:=-i-+-=~-.,_----1 

--+----~ov 
3.0 J-,---+--+----+-=...-"1""'---+--+----1 
~ 2.0 J-,---+i----=._..'f""'::__-+--+----+--+----1 

1.0 t----+----+----+--+--=~-~---~--"''F-'...1...=!..fil~V__, 
--+------i--~ 

o,__~~2~~4"!--~~6~~~8~~~10~~~12~~~14"!"""" ..... 

HALT 
Active 

Figure 33. Typical lcc vs Frequency 

Legend: 
HALT 
Active --

Frequency 
(MHz) 

Z86C07 
CMOSZS®MCU 

1-23 

II 



PRELIMINARY 

DEVICE CHARACTERISTICS (Continued) 

1-24 

Vee (Volt) 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

.5 

-60 -40 

Vol - - -
V1L-

Vee (Volt) 

~ 
6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 
-60 -40 

V0 " Vs Temp 

V1H Vs Temp 

-20 0 20 40 60 80 

Figure 34. v,L, v OL vs Temperature 

-20 0 20 40 60 80 

Figure 35. v,H, v OH VS Temperature 
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5. 

3. 

3. 
5. 

5V 

ov 

ov 
5V 

Temp 
(CO) 

5.5 v 

5. 
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5V 
OV 

3. OV 

_., Temp 
120 c 0 
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I OH 
(mA) 

2.0 3.0 
0 

-2.0 

-3.0 

-4.0 
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-6.0 

-7.0 

-8.0 

, 

l 
_n 

LL 
Lil 

12' 2{J4o•c 

3.0V -
5.5V ---

PRELIMINARY 

4.0 5.0 6.0 

1 
• ,;; 

"' ..LL 

II I 

125~ .' ~ 1-40°c 
25 

Figure 36. Typical l0 H vs V oH 

10 dmA) ---..,._-.....,--...,...--..,._-.....,--.., 

0 0.5 1.0 1.5 2.0 2.5 V0 L(Volts) 

Figure 37. Typical l0 L vs V0 L 

VOH 
(Volt) 

Z86C07 
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DEVICE CHARACTERISTICS (Continued) 

Time 
(msec) --.----..---------.---------------....... --~ 

+25°C 

·40°C 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Voltage 

1-26 

Figure 38. Typical WOT Time Out Period 
vs V cc Over Temperature 
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INSTRUCTION SET NOTATION 

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

Symbol 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 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
\MR 

Meaning 

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

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

Symbol Meaning 

C Carry flag 
Z Zero flag 
S Sign flag 
V Overflow flag 
D Decimal-adjust flag 
H Half-carry flag 

Affected flags are indicated by: 

0 Clear to zero 
1 Set to one 

Set to clear according to operation 
Unaffected 

X Undefined 
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CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

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

1110 NE Not equal Z=O 
1001 GE Greater than or equal (S XOR 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 [Z OR (S XOR V)) = 1 

1111 UGE Unsigned greater than or equal C=O 
0111 ULT Unsigned less than c = 1 
1011 UGT Unsigned greater than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 F Never True (Always False) 
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PRELIMINARY 
Z86C07 

CMOSZB®MCU 

INSTRUCTION FORMATS 

OPC 

dst OPC 

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

INCr 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src ORI 1110 I dst/src I 
DECW, INC, INCW, 
POP, PUSH, RL. RLC, 
RR, ARC, SRA, SWAP 

OPC I ORI 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SAP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src src/dst 
LDC, LOCI 

dst/src OPC LD 

src/dst ORI 1110 I src 

dst OPC LD 

VALUE 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst --- dst + src 

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

OPC l MODE ADC, ADD, AND, CP, 

src OR 111 0 src 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst OR I 111 0 I dst 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE I OPC LD 

src OR 111 0 src 

dst OR 111 0 dst 

MODE l OPC LD 

dst/src J x 

ADDRESS 

cc l OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst(7) 

refers to bit 7 of the destination operand. 
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~2iUJ6 p R E L I MINA R y Z86C07 
CMOSZS®MCU 

INSTRUCTION SUMMARY 

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

ADC dst, src t 1[ l * * * * 0 * INCdst rE - * * * - -
dst f-dst + src +C dSlf-dSI t 1 r=D-F 

ADD dst, src t O[ l * * * 
R 20 

* 0 * IR 21 
dst f-dst + src 

INCWdst RR AO - * * * - -AND dst, src t 5[ l - * * 0 dSlf-dSI t 1 IR A1 
dSlf-dSI AND src 

IRET BF * * * * * * CALLdst DA D6 - - - - - - FLAGSf-@SP; 
SPf-SP-2 IRR D4 SPf-SP + 1 
@SPt--PC, PCf-@SP; 
PCf-dSI SPf-SP +2; 

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

Cf-NDTC JP CC, dsl DA cD - - - - - -
CLR dst R BO if cc is true, C=O-F 

dSlf-0 IR B1 PCf-dSI IRR 30 

COM dst R 60 - * * 0 JR CC, dsl RA cB - - - - - -
dslf-NOT dst IR 61 if cc is true, C=O-F 

PCf-PC + dst 
CP dst, src t A[ l * * * * - - Range:+ 127, 
dst-src -128 

DAdst R 40 * * * x LD dst, src Im re - - - - - -
dslf-DA dst IR 41 dslf-src r R rB 

R r r9 
DECdst R 00 - * * * r=O-F 
dSlf-dSt-1 IR 01 r x Cl 
DECWdst RR 80 - * * * x r Dl 
dSlf-dSt-1 IR 81 r Ir E3 

Ir r F3 
DI BF - - - - - - R R E4 
IMR(?)t--0 R IR E5 

DJNZr, dst RA rA 
R IM E6 - - - - - - IR IM E7 

rf-r-1 r=O-F IR R F5 
if f ¢0 
PCf-PC +dst LDC dst, src Irr C2 - - - - - -
Range:+ 127, dstf-src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dslf-src 
IMR(?)t--1 rf-r + 1;rrf-rr+1 

HALT 7F - - - - - - NOP FF - - - - - -
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Address 
Instruction Mode Opcode 
and Operation dst src Byte (Hex) 

OR dst, src t 4[ l 
dstf--dst OR src 

POP dst R 50 
dSlf--@SP; IR 51 
SPf--SP + 1 

PUSH src R 70 
SPf--SP -1; IR 71 
@SPf--src 

RCF CF 
Cf--0 

RET AF 
PCf--@SP; 
SPf--SP + 2 

RL dst R 90 

~ 
IR 91 

RLC dst R 10 

~ 
IR 11 

RR dst R ED 

4]4i::j}J 
IR E1 

RRC dst R co 

~ 
IR C1 

SBC dst, src t 3[ J 
dSlf--dSt f--SrCf--C 

SCF DF 
Cf--1 

SRA dst R DO 

@ 
IR D1 

SRP dst Im 31 
RPf--Src 

PRELIMINARY 
Z86C07 

CMOSZS®MCU 

Address 
Flags Affected Instruction Mode Opcode Flags Affected 
c z s v D H and Operation dst src Byte (Hex) c z s v D H 

- * * 0 - - STOP 6F 

SUB dst, src t 2[ l * * * * * - - - - - - dst f--dst f--Src 

SWAP dst R FD x * * x 

25 
IR F1 

- - - - - - 11 oi 

TCM dst, src t 6[ l - * * 0 
- -

0 - - - - - (NOT dst) 
AND src 

- - - - - - TM dst, src t 7[ l - * * 0 
dst AND src 

WOT SF - x x x 

* * * * - -
XOR dst, src t B[ l - * * 0 
dSlf--dSt 
XOR src 

* * * * - -
t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 

* * * * - -
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 

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

* * * * - -

Address Mode Lower 
dst src Opcode Nibble 

* * * * 1 * [2] 

- - - - - Ir [3] 

R R [4] 

* * * 0 
- -

R IR [5] 

R IM [6] 

- - - - - -
IR IM [7] 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
IRR1 
8.5 

4 DA 
R1 
10.5 

5 POP 
R1 
6.5 

6 COM 
R1 >< 

GI e. 10/12.1 
GI 7 PUSH 

R2 :c 
.c z 10.5 
~ 8 DECW 

RR1 
Cl. 
Cl. 

::> 6.5 
9 RL 

R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 
R1 
6.5 

c RRC 
R1 

6.5 
D SRA 

R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

1-32 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 
6.5 6.5 

RLC ADC 
IR1 r1, r2 
6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP SBC 

IM r1, r2 
8.5 6.5 
DA OR 
IR1 r1, r2 
10.5 6.5 
POP AND 
IR1 r1, r2 
6.5 6.5 

COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
RL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 
6.5 12.0 

RRC LDC 
IR1 r1, lrr2 

6.5 12.0 
SRA LDC 
IR1 r1, lrr2 
6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

y 
2 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 

6.5 10.5 
SBC SBC 
r1, lr2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 

18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 
r1, lr2 R2, R1 
18.0 
LOCI 

lr1, lrr2 
18.0 20.0 
LOCI CALL' 

lr1, lrr2 IRR1 
6.5 10.5 
LO LO 

r1, IR2 R2, R1 
6.5 
LO 

lr1, r2 

Lower 
Opcode 
Nibble 

l 

PRELIMINARY 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LD 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 

10.5 
LO 

r1,x,R2 
20.0 10.5 

CALL LO 
DA r2,x,R1 

10.5 10.5 10.5 
LO LD LO 

IR2, R1 R1, IM IR1, IM 
10.5 
LO ~ * R2, IR1 

y 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LO 
r1, RA cc, RA r1,IM 

* 1 ~ 

y 
2 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 =Ost Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

CC, DA 

3 

Note: Blank areas not defined. 

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

E 

6.5 
INC 
r1 

"' 

Z86C07 
CMOSZS®MCU 

F 

1--

t---

t---

t---

~ 
WOT 

~ 
STOP 

1--y:o-
HALT 

'6:1" 
DI 

'6:1" 
El 

f-:;4.o 
RET 

i--;-e:o-
IRET 

~ 
RCF 

~ 
SCF 

~ 
CCF 

~ 
NOP 

y--' 



PRELIMINARY 

PACKAGE INFORMATION 

SYMBOL 
MILLIMETER INCH 

MIN MAX MIN MAX 

At o.st 0.8! .020 .032 

A2 3.25 3.43 128 .!35 

B 0.38 0.53 .015 .021 

Bl l.t4 I.65 .045 .065 

c 0.23 0.38 .009 .015 

>------ D -----t D 22.35 23.37 .880 .920 

E 7.62 8.13 .300 .320 

Et 6.22 6.48 .245 255 

Ill 2.54 TYP .too TYP 

eA 7.87 8.89 .310 .350 

L 3.18 3.81 125 .!SO 
Q[ t.52 l.65 .060 .065 

s 0.89 l.65 ,035 .065 

CONTROLLING DIMENSIONS • INCH 

s a 

18-Pin DIP Package Diagram 

----- D -----. 

E H 

MILLIMETER !NCH 
SYMBOL 

MIN MAX MIN MAX 

A 2.40 2.65 .094 .)04 

Al 0.10 0.30 .004 .012 

A2 2.24 2.44 .088 .096 

B 0.36 0.46 .014 .018 

c 0.23 0.30 .00'.I .Ot2 

D 11.40 11.75 .449 .463 

E 7.40 7.60 .291 .299 

CONTROLLING DIMENSIONS • MM I! !.27 TYP .050 TYP 

LEADS ARE COPLANAR IJITH!N .004 INCH. H 10.00 10.65 .394 .419 

h 0.30 0.40 .012 .016 

L 0.60 1.00 .024 .039 

Qt 0.97 • ).07 .038 .042 

18-Pin SOIC Package Diagram 

Z86C07 
CMOSZS®MCU 
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PRELIMINARY 

ORDERING INFORMATION 

Z86C07 
SMHz 

Z86C0708PSC 
Z86C0708PEC 
Z86C0708SSC 

12 MHz 
Z86C0712PSC 
Z86C0712PEC 

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

Package 
P =Plastic DIP 
S = SOIC 

Temperature 
E = -40°C to + 105°C 
S = 0°c to 70°C 

Speeds 
08 = 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 

Z 86C07 08 P S C 

illt 

1-34 

is a Z86C07, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C07 
CMOSZS®MCU 



Introduction 

Z86C07 ZS® CMOS 
B·Bit Microcontroller 

ZB&COB ZS® CMOS 
B·Bit Microcontroller 

ZB&EOB ZS® CMOS B·Bit 
OTP Microcontroller 

Z86C11 ZS® CMOS 
Microcontroller 

Z86C12 ZS® CMOS 
In-Circuit Emulator MCU 

Z86C21 ZS® CMOS 
BK ROM Microcontroller 

f.11 
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FEATURES 

• 8-Bit CMOS Microcontro!ler 

• 1S-Pin DIP, and 18-Pin SOIC Package 

• Low Cost 

• 3.0V to 5.5V Operation Range 

• Low Power Consumption; 50 mW (Typical) 

• Brown-Out Protection 

• Fast Instruction Pointer; 1 µs @ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 14 Input/Output Lines 

• Three Digital Inputs at CMOS Levels 

GENERAL DESCRIPTION 

The ZS6COS Microcontroller Unit (MCU) introduces a new 
level of sophistication to single-chip architecture. The 
ZS6COS is a member of the ZS single-chip microcontroller 
family with 2 Kbytes of ROM and 124 bytes of general
purpose RAM. The device is packaged in 18-pin DIP, and 
1S-pin SOIC, and is manufactured in CMOS technology. 
The Zilog ZS6COS offers all the outstanding features of the 
ZS family architecture, and easy software/hardware 
system expansion along with low cost, low power con
sumption. 

The ZS6COS is characterized by a flexible 1/0 scheme, an 
efficient register and address space structure, and a 
number of ancillary features that are useful in many con
sumer, industrial and advanced scientific applications. 

PRODUCT SPECIFICATION 

Z86C08 
CMOS ZB® 8-BIT 
MICROCONTROLLER 

• Eleven Digital Inputs at Cr\.10S Lovels; 
Schmitt-Triggered 

• 2 Kbytes of ROM 

• 124 Bytes ofRAM 

• Two Programmable S-Bit Counter/Timers Each 
with a 6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from 
Six Different Sources 

• Clock Speeds S and 12 MHz 

• Watch-Dog/Power-On Reset Timers 

• Two Comparators with Programmable Interrupt Polarity. 

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

For applications which demand powerful 1/0 capabilities, 
the ZS6COS provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/0, timing, 
and status signals. 

There are two basic address spaces available to support 
this wide range of configurations, Program Memory, and 
124 bytes of general-purpose registers. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C08 
Z8®8-Brr MCU 

To unburden the program from coping with real-time tasks 
such as counting/timing and 1/0 data communications, the 
Z86C08 offers two on-chip counter/timers with a large 
number of user selectable modes. Also, there are two on
board comparators that can process analog signals with a 
common reference voltage (Figure 1). 

All Signals with a preceding front slash, "f', are active Low, e.g.: 

2-2 

Input 

Port3 

Counter/ 
Timers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

BINI (WORD is active Low); /BN/ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection Circuit Device 

Power 
Ground 

Vee GND 

+ 

ALU 

FLAG 

Register 
Pointer 

+ 

Register File 
144 x 8-Bit 

1/0 

Figure 1. Functional Block Diagram 

Vee 
GND 

XTAL 

Machine 
Timing & Inst. 

Control 



~2jUJG Z86C08 
ZS® B·BIT MCU 

PIN DESCRIPTIONS 

P24 18 P23 
Table 1. 18-Pin DIP Identification 

P25 2 17 P22 Pin# Symbol Function Direction 

P26 3 16 P21 1-4 P24-P27 Port 2, Pins 4, 5, 6, 7 In/Output 

P27 4 15 P20 5 Vee Power Supply 
6 XTAL2 Crystal Oscillator Clock Output 

vcc 5 14 GND 7 XTAL1 Crystal Oscillator Clock Input 

XTAL2 6 13 P02 8 P31 Port 3, Pin 1, AN1 Input 

XTAL1 7 12 P01 9 P32 Port 3, Pin 2, AN2 Input 

P31 8 11 POO 10 P33 Port 3, Pin 3, REF Input 
11-13 POO-P02 Port 0, Pins 0, 1, 2 In/Output 

P32 9 10 P33 14 GND Ground 
15-18 P20-P23 Port 2, Pins 0, 1, 2, 3 In/Output 

Figure 2. 18-Pin DIP Configuration 

Ill 
P24 18 P23 

P25 17 P22 

P26 3 16 P21 

P27 4 15 P20 
Z86C08 

Vee SOIC 
14 GND 

XTAL2 6 13 P02 

XTAL1 7 12 P01 

P31 11 POD 

P32 10 P33 

Figure 3. 18-Pin SOIC Pin Configuration 

Table 2. 18-Pin SOIC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-4 P24-P27 Port 2, Pins 4,5,6,7 In/Output 9 P32 Port 3, Pin 2, AN2 Input 
5 Vee Power Supply 10 P33 Port 3, Pin 3, REF Input 
6 XTAL2 Crystal Oscillator Clock Output 11-13 POO-P02 Port 0, Pins 0, 1,2 In/Output 
7 XTAL1 Crystal Oscillator Clock Input 14 GND Ground 
8 P31 Port 3, Pin 1, AN1 Input 15-18 P20-P23 Port 2, Pins 0, 1,2,3 In/Output 
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PIN DESCRIPTION (Continued) 

Z86C08 
Z8®8-BIT MCU 

XTAL 1, 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-POO). Port 0 is a 3-bit 1/0, nibble program
mable, bidirectional, CMOS compatible 1/0 port. These 
three 1/0 lines can be configured under software control to 
be an input or output (Figure 4). 

MCU Port 0 (1/0) 

OEN 

PAD 

Out 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

In 

~ ----------------------

Auto Latch 

I R~ 500 kn • _______________________ ! 

Figure 4. Port 0 Configuration 
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Z86C08 
ZS® 8-BIT MCU 

Port 2 (P27-P20). Port 2 is an 8-bit 1/0, bit programmable, 
bidirectional, CMOS compatible 1/0 port. These eight 1/0 
lines can be configured under software control to be an 

input or output, independently. Bits programmed as out
puts may be globally programmed as either push-pull or 
open-drain (Figure 5). 

Port 2 (1/0) 

Open Drain 

Open 

PAD 

Out 

1.5 - 2.3 Hysteresis Vee @ 5.0V 

In 

1--------------------- I 

Auto Latch 

R~500kn 
I ------------------------

Figure 5. Port 2 Configuration 
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PIN DESCRIPTION (Continued) 

Port 3 (P33-P31 ). Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P33-P31) lines. These three input 
lines can be configured under software control as digital 

Z86C08 
ZS® 8-Brr MCU 

inputs or analog inputs. These three input lines can also be 
used as the interrupt sources IRQO-IRQ3 and as the timer 
input signal (T1N) (Figure 6). 

.-: .... :---} Port3 

-

R247= P3M 

PAD 
P31 (AN1) 

PAD 
P32 (AN2) 

P33 (REF) 
PAD 

Vccf---o 

1 =Analog 
0 =Digital 

IRQ 0,1,2 =Falling Edge Detection 
IRQ 3 =Rising Edge Detection 

P31 
Data Latch 
IRQ, lin 

IRQ3 
P32 
Data Latch 
IRQO 

P33 
Data Latch 
IRQ1 

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, AID 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. 

2-6 

Interrupts are generated on either edge of comparator 2's 
output, or on the falling edge of comparator 1 's output. The 
comparator output may be used for interrupt generation, 
Port 3 data inputs, or T1N through P31. Alternately, the 
comparators may be disabled, freeing the reference input 
(P33) for use as IRQ1 and/or P33 input. 

The ZS MCU incorporates special functions to enhance the 
ZS's application in industrial, scientific research, auto, 
and consumer applications. 



FUNCTIONAL DESCRIPTION 

Reset. Upon power-up the Power-On Reset circuit waits 
for 30 µsec plus 18 crystal clocks and then starts program 

POR 
(Cold Start) 

P27 
(Stop Mode) 

INTOSC 

Delay Line 
12 µsec 

Vee@ 5.5V 

Z86C08 
ZS® 8-Brr MCU 

execution at address %000C (Hex) (Figure 7). Reference 
the Z86C08 control registers' Reset value (Table 3). 

XTALOSC 

18 CLK 
Reset Filter 

Chip 
Reset 

Figure 7. Internal Reset Configuration 

Table 3. Z86C08 Control Registers 

Reset Condition 
Addr. Reg. 07 06 05 04 03 02 01 DO Comments 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 

F6* P2M Inputs after 
reset 

F?* P3M u u u u u u 0 0 
FB* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3 is 

used for 
positive 
edge detec-
ti on 

PB IMR 0 u u u u u u u 
PC FLAGS u u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 

FE SPH u u u u u u u u Not used, 
stack 
always 
internal 

FF SPL u u u u u u u u 
*00 Port 0 u u u u u u u u 
*02 Port 2 u u u u u u u u 
03 Port 3 u u u u u u u u 
Note: 
* Registers are not reset after a Stop-Mode Recovery using P27 pin. 

A subsequent reset will cause these control registers to be reconfigured 
as shown in Table 3 and the user must avoid Bus contention on the port 
pins or it may affect device reliability. 

Program Memory. The Z86C08 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. 

20 48 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

I- - - -~ "' 11 

10 

9 

8 

7 

6 

5 "' j....r" _j-
3 

2 

1 

0 

On-Chip 
ROM 

- - - - - -j 

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 8. Program Memory Map 
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FUNCTIONAL DESCRIPTION (Continued) 

Register File. The Register File consists of three 1/0 port 
registers, 124 general-purpose registers, and 14 control 
and status registers (RO, R2-R3, R4-R127, and R241· 
R253, and R255, respectively · Figure 9). The Z86C08 
instructions can access registers directly or indirectly 
through an 8-bit address field. This allows short 4-bit 

Location 

2-8 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

240 

128 
127 

4 

3 

2 

0 

Stack Pointer (Bits 7·0) 

Reserved 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3 Mode 

Port2 Mode 

To Prescaler 

1imer/Countero 

T1 Prescaler 

1imer/Counter1 

1imer Mode 

Not Implemented 

General Purpose 
Registers 

Port3 

Port2 

Reserved 

Porto 

Figure 9. Register File 

lndentifiers 

SPL 

RP 

Flags 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

Z86C08 
Z8®8·BITMCU 

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 10) addresses the starting loca
tion of the active working-register group. Upon power-up, 
the general purpose registers are undefined. 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

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

--__( FFOF I I } 
\,_ '"· ----------_, R15 to RO 

7F 

70 
SF 

60 
5F 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group -4+ 

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

Register Group 1 

Register Group O r-----------------
1/0 Ports 

~ R15toRO 

R15 to R4 

R3 to RO 

Figure 10. Register Pointer 



Stack Pointer. The Z86C08 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-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 
(1to256) 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. 

* 

Internal 
Clock 

External Clock 

Clock 
Logic 

Internal Clock 
Gated Clock 
Triggered Clock 

TIN P31 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

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

Z86C08 
ZS® 8·BIT MCU 

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 inputthat is retriggerabie or not retr iggerable, 
or as a gate input for the internal clock. 

Internal Data Bus 

Write 

Write 

TO 
Initial Value 

Register 

8-Bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Read 

Read 

TO 
Current Value 

Register 

T1 
Current Value 

Register 

IRQ4 

IRQ5 

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

Interrupts. The Z86C08 has six interrupts from six different 
sources. These interrupts are maskable and prioritized 
(Figure 12). The six sources are divided as follows: the 
falling edge of P31 (AN1 ), P32 (AN2), P33 (REF), the rising 
edge of P32 (AN2), and the two counter/timers. The Inter
rupt Mask Register globally or individually enables or 
disables the six interrupt requests (Table 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 Z86C08 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. 

Z86C08 
Z8"'8·BIT MCU 

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. 

Table 4. Interrupt Types, Sources, and Vectors 

Source Name Vector Location Comments 

AN2(P32) IRQO 0, 1 External (F)Edge 
REF(P33) IRQ1 2,3 External (F)Edge 
AN1(P31) IRQ2 4,5 External (F)Edge 
AN2(P32) IRQ3 6,7 External (R)Edge 
TO IRQ4 8,9 Internal 
T1 IRQ5 10, 11 Internal 

Notes: 
F = Falling edge triggered 
R = Rising edge triggered 

IRQO-IRQ5 

2·10 

Interrupt 
Request 

Global 
Interrupt 
Enable 

• • • 

IMR 

6 

IPR 

Vector Select 

Figure 12. Interrupt Block Diagram 



Clock. The Z86C08 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should be AT 
cut, 12 MHz max, with a series resistance (RS) less than or 
equal to 100 Ohms. 

The crystal should be connected across XT AL 1 and XT AL2 
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 ss• pin 14 to reduce Ground noise injection. 

HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The 
device can be recovered by interrupts, either externally or 
internally generated. The program execution begins at 
location OOOC (HEX). An interrupt request must be ex
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 µA. The STOP Mode can be released by two 
methods. The first method is a RESET of the device by 
removing Vee· 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 

I 
C1 

I 
* -= !@ill * -=-

XTAL2 
C2I C2I 

* -= * -

Ceramic LC Clock 
Resonator 
or Crystal 

Z86C08 
ZS® B·BIT MCU 

Program execution under both conditions begins at loca
tion OOOC (Hex). However, when P27 is used to release the 
STOP Mode, the 1/0 port mode registers are not 
reconfigured to their default power-on conditions. This 
prevents any 1/0, configured as output when the STOP 
instruction was executed, from glitching to an unknown 
state. To use the P27 release approach with STOP Mode, 
use the following instruction: 

OR P2M, #80H 
NOP 
STOP 

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

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

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

Watch-Dog Timer (WOT). The Watch-Dog Timer is en
abled by instruction WOT. When the WOT is enabled, it 
cannot be stopped by the instruction. With the WOT 
instruction, the WOT should be refreshed once the WOT 
is enabled within every 10 µsec; otherwise, the Z86C08 
resets itself. The WOT instruction affects the Flags accord
ingly: Z = 1, S = 0, V = 0. 

WOT = SF (Hex). 

XTAL1 XTAL1 

L 

XTAL2 XTAL2 

External Clock 

*;Use pin 14. 

Figure 13. Oscillator Configuration 

2-11 



FUNCTIONAL DESCRIPTION (Continued) 

Z86COS 
ZS®S·BIT MCU 

Opcode WOT (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 at least every 
10 µsec. Otherwise, the WDT times out and generates a 
Reset. The generated Reset is the same as a Power-On 
Reset of T POR µsec + 18 XT AL 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. 

Note: The internal clock frequency is one-half the external 
clock frequency in standard mode. 

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 just makes it possible to have the WDTfunction 
running during HALT Mode. A WDH instruction executed 
without executing WDT (5FH) has no effect. 

The device will function normally at or above 3.0V under all 
conditions. Below 3.0V, the device functions normally until 
the Brown-Out Protection trip point (V80) is reached. The 
device is guaranteed to function normally at supply volt
ages above the brown-out trip point for the temperatures 
and operating frequencies in Case 1 and Case 2 above. 
The actual brown-out trip point is a function of temperature 
and process parameters (Figure 14). 

2 MHz (Typical) 

-40°C 
2.55 

0°C 
2.4 

+25°C +70°C 
2.1 1.7 

Brown-Out Protection (V80). Maximum (V80) Conditions: 

Temp 

VBO 

Case 1 TA= -40°C, +105°C, Internal Clock Frequency 
equal or less than 1 MHz 

Case 2 TA= -40°C, +85°C, Internal Clock Frequency 
equal or less than 2 MHz 

2-12 

Vee 2.80 __ ..,... ____ .,...._..,... ____ .,....-..,..-....,--.,...-.., 

(Volts) 

2.60 1---+---+----+---+-----+----+--+---I 

~ 2.40 t--"'k::,.---+--+---+---+--+---+-----t--+---i 

~ 2.20 -------~,..."'1---+---+---+---+---+---t---t 

2.00 l---+---+----....... ,.----+--+---+----+--+---1 

~ v 80 (Typical) 

1.80 --+--------1-----...... -N---...~ ........ -+---+---t 

1.60 t---+--1----+---1--+----t--",..--;-~--t----t 

1.40 ..__..__._.i. __ ...__..__._.i. __ ...__ ...... _ ...... _ _....._ _ _. 
·60 ·40 ·20 0 20 40 60 80 100 120 140 

Temperature (°C) 

*Power-On Reset threshold for V80 and 1 MHz internal clock frequency V80 overlap. 

Figure 14. Typical Z86C08 V80 vs Temperature 

+105°C 
1.6 



ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Min Max Units 

Vee Supply Voltage* -0.3 +7 v 
TSTG Storage Temp -65° +150° c 
TA Oper Ambient Temp t t c 
Notes: 
'Voltages on all pins with respect to GND 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 15). 

CAPACITANCE 

TA = GND = OV, f = 1.0 MHz, unmeasured pins to GND 

Parameter 

Input capacitance 
Output capacitance 
1/0 capacitance 

Max 

10 pF 
20 pF 
25 pF 

Z86C08 
ZS® 8·BIT MCU 

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

From Output 
Under Test o--------

I 
150 pF 

Figure 15. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 

TA= 0°C to +70°C TA =-4D°C lo +105°C Typical 
Sym Parameter Vee [4] Min Max Min Max @25°C Units Conditions Notes 

Max Input Voltage 3.0V 12 12 v 11N = 250 µA 
5.5V 12 12 v 11N = 250 µA 

VCH Clock Input High 3.0V 0.8 Vee vcc+0.3 0.8 Vee vcc+0.3 1.7 v Driven by External 
Voltage Clock Generator 

5.5V 0.8 Vee vcc+0.3 0.8 Vee vcc+0.3 2.8 v Driven by External 
Clock Generator 

VCL Clock Input Low 3.0V vss-0.3 0.2 Vee vss-0.3 0.2 Vee 0.8 v Driven by External 
Voltage Clock Generator 

5.5V vss-0.3 0.2 Vee vss-0.3 0.2 Vee 1.7 v Driven by External 
Clock Generator 

VIH Input High Voltage 3.0V 0.7 Vee vcc+0.3 0.7 Vee vcc+0.3 1.8 v 
5.5V 0.7 Vee vcc+0.3 0.7 Vee vcc+0.3 2.8 v 

VIL Input Low Voltage 3.0V vss-0.3 0.2 Vee vss-0.3 0.2 Vee 0.8 v 
5.5V vss-0.3 0.2 Vee vss-0.3 0.2 Vee 1.5 v 

VOH Output High Voltage 3.0V vcc-0.4 vcc-0.4 3.0 v l0H = -2.0 rnA [5] 
5.5V vcc-0.4 vcc-0.4 4.8 v l0H = -2.0 rnA [5] 
3.0V vcc-0.4 vcc-0.4 v Low Noise@ 0.5 mA 
5.5V vcc-0.4 vcc-0.4 v Low Noise @ 0.5 mA 

VOL1 Output Low Voltage 3.0V 0.8 0.8 0.2 v l0L =+4.0 mA [5] 
5.5V 0.4 0.4 0.1 v l0L =+4.0 mA [5] 
3.0V 0.4 0.4 v Low Noise @ 0.5 mA 
5.5V 0.4 0.4 v Low Noise@ 0.5 mA 

VOL2 Output Low Voltage 3.0V 1.0 1.0 0.8 v l0L = +12 mA, 
3 Pin Max [5] 

5.5V 0.8 0.8 0.3 v l0L = +12 mA, 
3 Pin Max [5] 

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

VBO V cc Brown Out Voltage 2.7 2.95 2.1 v @1 MHz Max, 
Int. CLK Freq 

l1L Input Leakage 3.0V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 
(Input Bias 5.5V -1.0 1.0 -1.0 1.0 µA V1N = OV, Vee 
Current of 
Comparator) 

IOL Output Leakage 3.0V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 
5.5V -1.0 1.0 -1.0 1.0 µA VIN= OV, Vee 

VREF 0 vcc-1.0 0 vcc-1.5 v 
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TA = 0°c to +7D°C TA= -4D°C to+ 105°C Typical 
Sym Parameter Vee [4] Min Max Min Max @25°C Units Conditions Notes 

ICC Supply Current 3.DV' 3.5 3.5 1.5 mA All Output and 1/0 Pins 
Floating@ 2 MHz [5] 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating@ 2 MHz [5] 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating@ 8 MHz [5] 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating@ 8 MHz [5] 

3.0V 10 10 3.6 mA All Output and 1/0 Pins 
Floating@ 12 MHz [5] 

5.5V 15 15 9.0 mA All Output and 1/0 Pins 
Floating@ 12 MHz [5] 

ICC1 Standby Current 3.0V 2.5 2.5 0.7 mA HALT Mode V1N = OV, 
Vcc@2 MHz [5] 

5.5V 4.0 5.0 2.5 mA HALT Mode V1N = OV, 
Vcc@2 MHz [5] 

3.0V 4.0 4.0 1.0 mA HALT Mode V1N = OV, 
Vcc@8 MHz [5] 

Ill 5.5V 5.0 5.0 3.0 mA HALT Mode V1N = OV, 
Vcc@8 MHz [5] 

3.0V 4.5 4.5 1.5 mA HALT Mode V1N = OV, 
Vee@ 12 MHz [5] 

5.5V 7.0 7.0 4.0 mA HALT Mode V1N = OV, 
Vee@ 12 MHz [5] 

Ice Supply Current 3.0V 3.5 3.5 1.5 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating@ 1 MHz 

5.5V 7.0 7.0 3.8 mA All Output and 1/0 Pins 
Floating@ 1 MHz 

3.0V 5.8 5.8 2.5 mA All Output and 1/0 Pins 
Floating @ 2 MHz 

5.5V 9.0 9.0 4.0 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

3.0V 8.0 8.0 3.0 mA All Output and 1/0 Pins 
Floating @ 4 MHz 

5.5V 11.0 11.0 4.4 mA All Output and 1/0 Pins 
Floating@ 4 MHz 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

TA= 0°C to +70°C TA =-40°C to +105°C Typical 
Sym Parameter Vee [4] Min Max Min Max @25°C Units Conditions 

lcc1 Standby Current 3.0V 1.2 1.2 0.4 mA HALT Mode V1N= OV, 
(Low Noise Mode) Vcc@1 MHz 

5.5V 1.6 1.6 0.9 mA HALT Mode V1N = OV, 
Vcc@1MHz 

3.0V 1.5 1.5 0.5 mA HALT Mode V1N = OV, 
Vcc@2 MHz 

5.5V 1.9 1.9 mA HALT Mode V1N = OV, 
Vcc@2 MHz 

3.0V 2.0 2.0 0.8 mA HALT Mode V1N = OV, 
Vcc@4MHz 

5.5V 2.4 2.4 0.3 mA HALT Mode V1N = OV, 
Vcc@4MHz 

lcc2 Standby Current 3.0V 10 20 1.0 µA STOP Mode V1N = OV, 
V cc WOT is not Running 

5.5V 10 20 1.0 µA STOP Mode V1N = OV, 
V cc WOT is not Running 

IALL Auto Latch Low 3.0V 6.0 8.0 3.0 µA OV <VIN< Vee 
Current 

5.5V 22 30 16 µA OV <VIN< Vee 

IALH Auto Latch High 3.0V -4.0 -5.0 -1.5 µA OV < V1N <Vee 
Current 

5.5V -12.0 -20 -8.0 µA OV < V1N <Vee 

Notes: 
[1] Ice, Typ Max Unit Freq 

Clock Driven 0.3 5.0 mA BMHz 
Crystal/Resonator 3.0 5.0 mA BMHz 

[2] V88 = OV = GND 

[3] For 2.75V operating, the device operates down to V90 . The minimum 
operational V00 is determined on the value of the voltage V90 at 
the ambient temperature. The V 90 increases as the temperature 
decreases. 

[4] V cc = 3.0V to 5.5V 

[5] Standard Mode (not Low EMI mode) 
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AC ELECTRICAL CHARACTERISTICS 

Clock 

Figure 16. AC Electrical Timing Diagram 

Z86C08 
ZS®S.BIT MCU 
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AC ELECTRICAL CHARACTERISTICS 
Timing Table (Standard Mode) 

TA= 0°c to +70°C TA= -4D°C to + 1 D5°C 
8 MHz 12 MHz SMHz 12 MHz 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

TpC Input Clock Period 3.0V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1] 
5.5V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1] 

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

3 TwC Input Clock Width 3.0V 62 41 62 41 [1] 
5.5V 62 41 62 41 ns [1] 

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

5 TwTinH Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC [1] 
5.5V 5TpC 5TpC 5TpC 5TpC [1] 

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

7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns [1] 
T!Tin and Fal I Timer 5.5V 100 100 100 100 ns [1] 

8 Twll Int. Request Input 3.0V 100 100 100 100 ns (1,2] 
Low Time 5.5V 70 70 70 70 ns (1,2] 

9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC [1] 
High Time 5.5V 5TpC 5TpC 5TpC 5TpC (1,2] 

10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1] 
Delay Time 5.5V 12 12 10 10 ms [1] 

11 Tpor 3.0V 24 24 24 24 ms [1] 
5.5V 12 12 12 12 ms [1] 

Notes: 
[1] Timing Reference uses 0.7 Vee for a logic 1 and 0.2 Vee for a logic 0. 
[2] Interrupt request through Port 3 (P31-P33). 
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AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= 0°C to +70°C TA= -40°C to + 105°C 
1 MHz 4 MHz 1 MHz 4 MHz 

No Symbol Parameter Vee Min Max Min Max Min Max Min Max Units Notes 

5 TwTinH Timer Input High Width 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1 J 

5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1] 

6 TpTin Timer Input Period 3.0V 4TpC 4TpC 4TpC 4TpC [1 J 

5.5V 4TpC 4TpC 4TpC 4TpC [1 J 

7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns [1] 
TtTin and Fall Timer 5.5V 100 100 100 100 ns [1 J 

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

9 TwlH Int. Request Input 3.0V 2.5TpC 25TpC 2.5TpC 2.5TpC [1 J 

High Time 5.5V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1,2] 

10 Twdt Watchdog Timer 3.0V 25 25 25 25 ms [1 J 

Delay Time 5.5V 12 12 10 10 ms [1] 

Notes: 
[1] Timing Reference uses 0. 7 V cc for a logic 1 and 0.2 V cc for a logic 0. 
[2] Interrupt request through Port 3 (P31-P33) 
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LOW NOISE VERSION 

Low EMI Emission 
The Z86C08 can be programmed to operate in a Low EMI 
emission mode by means of a mask ROM bit option. Use 
of this feature results in: 

• Less than 1 mA consumed during HALT mode, --0°C 
to +70°C. 

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

• Internal SLCK!TCLK operation limited to a maximum of 
4 MHz· 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

Z86C08 
ZB® B·BIT MCU 

The Low EMI mode is mask-programmable to be selected 
by the customer at the time the ROM code is submitted. 

EMI Characteristics 

The Z86C08 operating in the Low EMI mode generates 
EMI as measured in the following chart: 

The measurements were made while operating the Z86C08 
in three states: (1) Idle condition; (2) static output; (3) 
switched output. 

Near Field EMI Analysis 
Z86C08 Low Noise 

30-60 140-160 300-400 

Frequency (MHz) 

Figure 17. Low Noise Analysis 
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ZS CONTROL REGISTER DIAGRAMS 

R241 TMR 

0 No Function 
1 Load T 0 

0 Disable T 0count 
1 Enable To Count 

0 No Function 
1 Load T 1 

o Disable Ti Count 
1 Enable T 1 Count 

T 1N Modes 
00 External Clock Input 
01 Gate Input 
1 O Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Reserved (Must be 0.) 

Figure 18. Timer Mode Register 
(F1H: Read/Write) 

R242T1 

R243 PRE1 

T1 Initial Value 
(When Written) 
(Range 1 ·256 Decimal 
01-00 HEX) 
T 1 Current Value 
(When READ) 

Figure 19. Counter Time 1 Register 
(F2H: Read/Write) 

Count Mode 
0 T 1 Single Pass 
1 T 1 Modulo 

Clock Source 
1 T 1 Internal 
0 T 1 External Timing Input 

(T1N) Mode 

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

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

R244 TO 

R245 PREO 

R246 P2M 

R247 P3M 

zsscos 
ZS® S·BIT MCU 

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

Figure 21. Counter/Timer O Register 
(F4H: Read/Write) 

Count Mode 
o T 0 Single Pass 
1 T 0 Modulo-n 

Reserved (Must be 0.) 

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

Figure 22. Prescaler 0 Register 
(FSH: Write Only) 

P2 7 · P2o 1/0 Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit as INPUT 

Figure 23. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 

Port 3 Inputs 
0 Digital 
1 Analog 

Reserved (Must be 0.) 

Figure 24. Port 3 Mode Register 
(F7H: Write Only) 
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ZS® S·BIT MCU 

ZS CONTROL REGISTER DIAGRAMS (Continued) 

R248 P01M 

R249 IPR 

"""T"" 

R250 IRQ 

2-22 

PO,- PO 3 Mode 
oo =Output 
01 Output 

Must be 1. 

Reserved (Must be 0.) 

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

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

IRQ1; IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 IRQ4>1RQ1 

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

IRQ3, IRQ5 Priority (Group A) 
O IRQ5 > IRQ3 
1 IR03> IRQ5 

Reserved (Must be 0.) 

Figure 26. Interrupt Priority Register 
(F9H: Write Only) 

IRQO = P32 Input i 
IRQ1 = P33 Input i 
IRQ2 = P31 Input i 
IRQ3 = P32 Input i 
IR04=T0 
IRQ5 =T1 

Reserved (Must be 0.) 

Figure 27. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

lwloolool~lool~l~lool 

11...._____ 1 Enables IRQ5-IRQO 
(D 0 = IRQO) 

Reserved (Must be O.) 

1 Enables Interrupts 

R252 Flags 

R253 RP 

R255 SPL 

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

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 29. Flag Register 
(FCH: Read/Write) 

Reserved (Must be 0.) 

Register Pointer 

Figure 30. Register Pointer 
(FDH: Read/Write) 

Stack Pointer Lower 
Byte (SPo - SP7) 

Figure 31. Stack Pointer 
(FF H: Read/Write) 



DEVICE CHARACTERISTICS 
Standard Mode 

~ 
Ice (mA) 14.0 

12.0 

11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
2 

-~ -- -- fi- -

4 6 

5.5V 

5.5V 
~ 13.0V 

3.0V 

- - - i---~ 

8 10 12 14 
Frequency (MHz) 

Figure 32. Maximum Ice vs Frequency 

Ice (mA) 

12.01---~--~-~--~-~--~-~ 

11.0 t----+---+----+---+----+----+-----1 

10.0 t----+---+----+---+----+--/-;-::5"',5""'y--1 

9.o .----r---t----t--r--L-,..""'~-r-----1 

8.0 t---+----+----+--___ ---+v--..__,,___,,____, 

7.01---+--t----:::;;;of.-=--+---t---t---i 
~ 6.01----i..-::::::....+.---+--+---+--+--~ 

5.0 t----+---+----+---+----+----+-----1 
5.5V 

4.o 1---+---+--_-_-+_-_--=-.1:::-F-=----~""'~--...-..._----i 

3.0 t----+---_·+---+-=_..."Fi..--:--:;;,,_ __ +-3-.o_v-+---i 

----r-
2.0 J---11--""'"---::=--"1"""'=---+---J--+---+---I 

___,,~ 1.0 t----+---+----+---~-=-.---~=f-"~--1 --+-----

Legend: 

HALT 
Active --

..... 

0.._~ ..... 2~~4.i....~....i,6~~·8~~~10,......~~12 ..... ~~14~~ Frequency 
(MHz) 

HALT 
Active 

Figure 33. Typical Ice vs Frequency 

Z86COS 
ZS® 8-BIT MCU 
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DEVICE CHARACTERISTICS (Continued) 
Standard Mode 

2-24 

Vee (Volt) 

6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

.5 

-60 -40 

VoL - - • 
V1L-

Vee (Volt) 

~ 
6.0 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 
-60 -40 

V0 " Vs Temp 

V1H Vs Temp 

-20 0 20 40 60 80 

Figure 34. v,L, V oL vs Temperature 

-20 0 20 40 60 80 

Figure 35. v,H, v OH VS Temperature 

100 

100 

120 

::iiiiiL 

5. 

3. 

3. 
5. 

5V 

ov 

ov 
5V 

Temp 
(CO) 

5.5 v 

5. 
.3. 

3. 

_., 

5V 

ov 

OV 

Temp 
120 c 0 

Z86C08 
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I OH 

(mA) 

~ 
2.0 3.0 4.0 5.0 6.0 v 

Ot------J...-----.,....----...,..-----..-. (Vgn) 
-2.0t------.1'-.+------+------f----j_j_l-----l 

-3.01-----z-41-"'--+-----1-------+~-,ff,;.._, -----< 

-4.0t----1,_,l'-'--+------+-----+--~..il.J'l-JIL'-----I 

-5.01----_L_.L'+'--+------+-----+-~"-' ----1 

-6.ot---.L,__,_1 ....... ~--+---+-----+.L_,_,~+-·1 
-----! 

17 P-40"C 125~~~o·-40°C 
-7.01-'-"~~~~~----<------+-------+--------; 

-8.0t-------+------+-----+-------1 

3.0V -
5.SV - - -

Figure 36. Typical 10 " vs V oH 

I oL(mA) -.---.,....-----"""""--.,....---....---. 

0 0.5 1.0 1.5 2.0 2.5 V0 dVolts) 

Figure 37. Typical l0 L vs V oL 

Z86COB 
ZB®B·BIT MCU 
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DEVICE CHARACTERISTICS (Continued) 
Standard Mode 

Time 
(msec) --.~~....-~_,...~--.~~...-~~~~.....-~~ 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

+25°C 

Voltage 

2-26 

Figure 38. Typical WOT Time Out Period 
vs Vee Over Temperature 
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INSTRUCTION SET NOTATION 

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

Symbol Meaning 

IRA Indirect register pair or indirect working-
register pair address 

Ir Indirect working-register pair only 
X Indexed address 
DA Direct address 
RA Relative address 
IM Immediate 
R Register or working-register address 
r Working register address only 
IR Indirect-register or indirect working

register address 
Ir Indirect working-register address only 
RR Register pair or working register pair 

address 

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

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

Z86C08 
ZS® 8-BIT MCU 

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

Symbol Meaning 

C Carry flag 
Z Zero flag 
S Sign flag 
V Overflow flag 
D Decimal-adjust flag 
H Half-carry flag 

Affected flags are indicated by: 

0 Clear to zero 
1 Set to one 

Set to clear according to operation 
Unaffected 

X Undefined 

2-27 
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ZS® B·BIT MCU 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No overflow V=O 
0110 EQ Equal Z=1 

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

1111 UGE Unsigned greater than or equal C=O 
0111 ULT Unsigned less than c = 1 
1011 UGT Unsigned greater than (C = 0 AND Z = 0) = 1 
0011 ULE Unsigned less than or equal (C OR Z) = 1 
0000 F Never true (always false) 

2·28 



INSTRUCTION FORMATS 

OPC 

dst OPC 

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

INCr 

Z86C08 
ZS® B·BIT MCU 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src OR I 111 0 I dst/src] 
DECW, INC, INCW, 
POP, PUSH. RL RLC. 
RR, RRC, SRA, SWAP 

OPC I OR I 111 0 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, GP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LD, LDE, LDEI, 

dst/src src/dst 
LDC, LOCI 

dst/src OPC LD 

OR I 1110 I src 

dst OPC LD 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst --- dst + src 

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

OPC 1 MODE ADC, ADD, AND, GP, 

src OR 111 0 src 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC 1 MODE ADC, ADD, AND, GP, 

dst ORI 1110 I dst 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE 1 OPC LD 

src OR 111 0 src 

dst OR 111 0 dst 

MODE I OPC LD 

dst/src I x 

ADDRESS 

cc 1 OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst(7) 

refers to bit 7 of the destination operand. 
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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 1[ l * * * * 0 * INC dst rE - * * * - -
dst~dst + src +C dst~dst+ 1 r=O-F 

ADD dst, src t O[ l * * * 
dst~dst + src 

R 20 
* 0 * IR 21 

INCWdst RR AO - * * * - -
ANDdst, src t 5( l - * * 0 dst~dst+ 1 IR A1 
dst~dst AND src 

IRET BF * * * * * * CALL dst DA D6 - - - - - - FLAGS~@SP; 
SP~SP-2 IRR D4 SP~SP+ 1 
@SP~PC, PC~@SP; 
PC~dst SP~SP+2; 

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

C~NOTC JP cc, dst DA cD - - - - - -

CLR dst R BO if cc is true, C=O-F 

dst~o IR B1 PC~dst IRR 30 

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

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

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

DAdst R 40 * * * x LO dst, src Im re - - - - - -
dst~DAdst IR 41 dst~src r R r8 

R r r9 
DECdst R 00 - * * * r=O-F 
dst~dst-1 IR 01 r x Cl 
DECWdst RR 80 - * * * x r Dl 
dst~dst-1 IR 81 r Ir E3 

Ir r F3 
DI BF - - - - - - R R E4 
IMR(7)~0 R IR ES 

R IM E6 
DJNZr, dst RA rA - - - - - - IR IM E7 
r~r-1 r=O-F IR R F5 
if r ;e o 
PC~Pc +dst LDC dst, src Irr C2 - - - - - -
Range: + 127, dst~src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dst~src 
IMR(7)~1 r~r+1;rr~rr+1 

HALT 7F - - - - - - NOP FF - - - - - -
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Address 
Instruction Mode Opcode Flags Affected 
and Operation dst src Byte (Hex) c z s v 0 H 

OR dst, src t 4[ l - * * 0 - -

dst f-dst 0 R s re 

POP dst R 50 - - - - - -
dSlf-@SP; IR 51 
SPf-SP + 1 

PUSH src R 70 - - - - - -
SPf-SP-1; IR 71 
@SPf-src 

RCF CF 0 - - - - -
Cf-0 

RET AF - - - - - -
PCf-@SP; 
SPf-SP +2 

RL dst R 90 * * * * - -

~ 
IR 91 

RLC dst R 10 * * * * - -

Lfil=E3J 
IR 11 

RR dst R EO * * * * - -
IR E1 

4J~ 
RRC dst R co * * * * - -

~ 
IR C1 

SBC dst, src t 3[ l * * * * 1 * dSlf-dSlf-SrCf-C 

SCF DF - - - - -
Cf-1 

SRA dst R DO * * * 0 
- -

~ 
IR D1 

SRP dst Im 31 - - - - - -
RPf-src 

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

STOP 6F 

SUB dst, src t 2[ l 
dSlf-dSlf-Src 

SWAP dst R FD 

2C 
IR F1 

o I I ' 

TCM dst, src t 6[ l 
(NOT dst) 
AND src 

TM dst, src t 7[ l 
dst AND src 

WDH 4F 

WOT SF 

XOR dst, src t B[] 
dSlf-dSt 
XOR src 

Z86COS 
ZS® B·BIT MCU 

Flags Affected 
c z s v D H 

* * * * * 
x * * x 

- * * 0 
- -

- * * 0 
- -

- x x x 
- * * 0 

t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a'[ ]' 
in this table, and its value is found in the following table to the left of the 
applicable addressing mode pair. 

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

Address Mode Lower 
dst src Opcode Nibble 

[2] 

Ir [3] 

R R [4] 

R IR [5] 

R IM [6] 

IR IM [7] 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
IRR1 
8.5 

4 DA 
R1 
10.5 

5 POP 
R1 
6.5 

6 COM 
R1 >< 

Ill e. 10/12.1 
Ill 7 PUSH 

R2 
:;; 
.c z 10.5 
Iii 8 DECW 

RR1 
a. a. 
::i 6.5 

9 RL 
R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 
R1 
6.5 

c RAC 
R1 

6.5 
D SRA 

R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

2-32 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 
6.5 6.5 

RLC ADC 
IR1 r1, r2 
6.5 6.5 
INC SUB 
IR1 r1, r2 
6.1 6.5 

SAP SBC 
IM r1, r2 
8.5 6.5 
DA OR 
IR1 r1, r2 
10.5 6.5 
POP AND 
IR1 r1, r2 
6.5 6.5 

COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
RL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 
6.5 12.0 

ARC LDC 
IR1 r1, lrr2 
6.5 12.0 

SRA LDC 
IR1 r1, lrr2 
6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

v 
2 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 
6.5 10.5 

ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 
6.5 10.5 

SBC SBC 
r1, lr2 R2, R1 
6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 
18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 
r1, lr2 R2, R1 
18.0 
LOCI 

lr1, lrr2 
18.0 20.0 
LOCI CALL' 

lr1, lrr2 IRR1 
6.5 10.5 
LD LD 

r1, IR2 R2, R1 
6.5 
LD 

lr1, r2 

Lower 
Opcode 
Nibble 

l 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LD 
DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

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

v 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12110.5 12/10.0 6.5 
DJNZ JR LD 
r1, RA cc, RA r1,IM 

• l 

y 
2 

Legend: 
R = 8-bit Address 

r = 4-bit Address 

R1 or r1 = Dst Address 

R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 

Second Operand 

D 

12.10.0 
JP 

cc, DA 

• 
3 

Note: Blank areas not defined. 

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

E 

6.5 
INC 

r1 

• 

Z86C08 
ZS® 8-Brr MCU 

F 

1------i 

t------1 

1------i 

1------i 
4.0 

WDH 

~ 
WOT 

~ 
STOP 

~ 
HALT 

~ 
DI 

~ 
El 

~ 
RET 

~ 
IRET 

~ 
ACF 

~ 
SCF 

'6T1 
CCF 

~ 
NOP 

y -"' 



PACKAGE INFORMATION 

SYMBOL MILLIMETER INCH 

MIN MAX MIN MAX 
Al 0.51 0.81 .020 .032 
A2 3.25 3.43 .128 .135 

B 0.38 0.53 .015 .021 

Bl 1.14 l.65 .045 .065 

c 0.23 0.38 .009 .015 

----- D -----< D 22.35 23.37 .880 .920 

E 7.62 8.13 .300 .320 
El 6.22 6.48 .245 .255 

Ill 2.54 TYP .100 TYP 

eA 7.87 8.89 .310 .350 

L 3.18 3.81 .125 .150 
Ql 1.52 1.65 .060 .065 

s 0.89 1.65 .035 .065 

CONTROLLING DIMENSIONS • INCH 

s II 

18-Pin DIP Package Diagram 

------ D ____ ., 

E H 

MILLIMETER INCH 
SYMBOL 

MIN MAX HIN MAX 

A 2.40 2.65 .094 .104 

Al 0.10 0.30 .004 .012 

A2 2.24 2.44 .088 .096 

B 0.36 0.46 .014 .018 

c 0.23 0.30 .009 .012 

D 11.40 11.75 .449 .463 

E 7.40 7.60 .291 .299 

CONTROLLING DIMENSICNS • HM II 1.27 TYP .050 TYP 

LEADS ARE COPLANAR IJITHIN .004 INCH. H 10.00 10.65 .394 .419 

h 0.30 0.40 .012 .016 

L 0.60 1.00 .024 .039 

QI 0.97 1.07 .038 .042 

18-Pin SOIC Package Diagram 

Z86C08 
ZB®B-BrrMCU 
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ORDERING INFORMATION 

Z86C08 
BMHz 

Z86C0808PSC 
Z86C0808PEC 
Z86C0808SEC 
Z86C0808SSC 

12MHz 
Z86C0812PSC 
Z86C0812PEC 
Z86C0812SEC 
Z86C0812SSC 

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

Package 
P = Plastic DIP 
S = SOIC 

Temperature 
E = -40°C to + 105°C 
S = 0°c to ?0°C 

Speed 
08 = 8 MHz 
12 = 12 MHz 

Environmental 
C = Plastic Standard 

Example: 
ZB6C0808PSC 

Ll1t 

2-34 

is a Z86C08, 8 MHz, DIP, 0°c to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C08 
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Introduction 

ZB&C07 ZB® CMOS 
B·Bit Microcontroller 

ZB&COB ZB® CMOS 
B·Bit Microcontroller 

ZB&EOB ZS® CMOS B·Bit 
OTP Microcontroller 

ZB&C11 ZB® CMOS 
Microcontroller 

ZB&C12 ZB® CMOS 
In-Circuit Emulator MCU 

ZB&C21 ZS® CMOS 
BK ROM Microcontroller 

II 
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FEATURES 

• 8-Bii CMOS Miuocontrollar 

• 18-Pin DIP Package 

• Low Cost 

• Low Noise Programmable 

• ROM Protect Programmable 

• 4.0V to 5.5V Operating Range 

• Low Power Consumption - 50 mW (Typical) 

• Fast Instruction Pointer - 1 µs@ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 14 Input/Output Lines 

• All Digital Inputs, CMOS Levels, Schmitt-Triggered. 

GENERAL DESCRIPTION 

The Z86E08 Microcontroller (MCU) introduces a new level 
of sophistication to single-chip architecture. The Z86E08 is 
a member of the ZS single-chip microcontroller family with 
2 Kbytes of one-time PROM. The device is housed in an 
18-pin DIP, and is manufactured in CMOS technology. The 
device allows easy software development and debug, 
prototyping, and small production runs not economically 
desirable with a masked ROM version. 

The Z86E08 has a flexible 1/0 scheme, an efficient register 
and address space structure. Also, it has a number of 
ancillary features that are useful in many consumer, in
dustrial and advanced scientific applications. 

PRODUCT SPECIFICATION 

Z86E08 
CMOS 28® 8-BIT 
MICROCONTROLLER 

• 2 Kbytes of One Time PROM 

• 144 Bytes of RAM 

• Two Programmable 8-Bit Counter(Timers Each with a 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from Five Different 
Sources. 

• Clock Speeds - 8 and 12 MHz 

• Watch-Dog Timer 

• Power-On Reset 

• Two On-Board Comparators 

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

For applications which demand powerful 1/0 capabilities, 
the Z86E08 provides 14 pins dedicated to input and 
output. These lines are grouped into three ports, and are 
configurable under software control to provide 1/0, timing, 
and status signals. 

There are two basic address spaces available to support 
this wide range of configurations; program memory and 
124 bytes of general-purpose registers. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86E08 CMOS ZS® 
8·81T MICROCONl!lOLLER 

To unburden the program from coping with real-time tasks 
such as counting/timing and 1/0 data communications, the 
Z86E08 offers two on-chip counter/timers with a large 
number of user selectable modes. Included, are two on
board comparators that process analog signals with a 
common reference voltage (Figures 1 and 2). 

All Signals with a preceding front slash,"/", are active Low, e.g.: 

3-2 

Input 

Port 3 

Counter/ 
Timers (2) 

Interrupt 
Control 

Two Analog 
Comparators 

1/0 
(Bit Programmable) 

BINI (WORD is active Low); /BN/ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Vee 

Connection 

GND 

Power 
Ground 

Circuit 

XTAL 

Machine 
....-----. .--------JI Timing & Inst. 

ALU 

FLAG 

Register 
Pointer 

General Purpose 
Register File 
124 x 8-Bit 

110 

Figure 1. Functional Block Diagram 

Control 

Device 



3 Bits 

Clear Clock EPM /CE PGM 
POO P01 P32 XT1 P02 

07·00 

A10-AO 

2K 
EPROM 

ROM PROT 
Low Noise 

VPP 
P33 

Z86E08 CMOS ZS® 
B·BIT MICROCONTROLLER 

/OE 
P31 

Figure 2. EPROM Mode Block Diagram 

PIN DESCRIPTION 

Table 1. EPROM Mode Pin Identification 
04 

Z86E08 EPROM Mode 
18 03 

Pin# Symbol Function Direction 05 2 17 02 

1-4 D7-D4 Data 4, 5, 6, 7 In/Output 06 3 16 01 

5 Vee Power Supply Input 07 4 15 DO 
6 N/C No Connection 

Vee 5 
Z86E08 

GND 
7 /CE Chip Enable Input 14 

8 /OE Output Enable Input N/C 6 13 /PGM 
9 EPM EPROM Prog Mode Input 

/CE 7 CLOCK 12 
10 vpp Prog Voltage Input /OE 8 11 CLEAR 
11 Clear Clear Clock Input 
12 Clock Address Input EPM 9 10 Vpp 
13 /PGM Prog Mode Input 
14 GND Ground Input EPROM Mode 
15-18 D3-DO Data 0, 1, 2, 3 In/Output 

Figure 3. EPROM Mode Pin Configuration 
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PIN FUNCTIONS 

OTP Programming Mode 

07-00 Data Bus. The data can be read from, or written to 
the EPROM through this data bus. 

V cc Power Supply. It is 5V during the EPROM Read mode 
and 6V during the other mode. 

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

/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. 

3-4 

EPM EPROM Program Mode. This pin controls the differ
ent EPROM Program Modes by applying different 
voltages. 

VPP Program Voltage. This pin supplies the program volt
age. 

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

Clock Address Clock. This pin is a clock input. The internal 
address counter increases by one with one clock signal. 

/PGM Program Mode (active Low). Low Level at this pin 
programs the data to the EPROM through the Data Bus. 



Z86E08 Standard Mode 

XTAL 1, 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. 

Open 

Out 

1.5-..- 2.3 Hysteresis 

Z86EOB CMOS ZS® 
B·BIT MICROCONTROLLER 

Port O, P02-POO. Port 0 is a 3-bit bi-directional, CMOS 
compatible 1/0 port. These three 1/0 lines can be globally 
configured under software control to be an input or output 
(Figure 5). 

PAD 

Auto Latch 

Figure 5. Port 0 Configuration 
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Z86E08 Standard Mode (Continued) 

Port 2, P27-P20. Port 2 is an 8-bit, bit programmable, bi
directional, CMOS compatible 1/0 port. These eight 1/0 
lines can be configured under software control to be an 

Z86E08 

Port2 

Open Drain 

Open 

Out 

1.5--.... 2.3 Hysteresis 

Z86E08 CMOS ZB® 
S·BIT MICROCONTROLLER 

input or output, independently. Bits programmed as out
puts can be globally programmed as either push-pull or 
open-drain (Figure 6). 

Port 2 (1/0) 

PAD 

Auto Latch 

Figure 6. Port 2 Configuration 
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Port 3, P31-P33. Port 3 is a 3-bit, CMOS compatible port 
with three fixed input (P32-P30) lines. These three input 
lines can be configured under software control as digital 

PAD 

P31 (AN1) 

PAD 

P32 (AN2) 
PAD 

P33 (REF) 

Z86E08 

0 =Digital 
R247 = P3M 1 =Analog 

I 
I 
I 

' 

Z86E08 CMOS ZB® 
8·BIT MICROCONTROLLER 

inputs or analog inputs. These three input lines are also 
used as the interrupt sources IROO-IRQ3 and as the timer 
input signal (T,N - Figure 7). 

} '"" 

r=: P31 
Latch 
IRQ2 

k>c: IRQ3 
P32 Data 
Latch 
IRQO 

r=:- P33 Data 
Latch 
IRQ1 

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

Figure 7. Port 3 Configuration 
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Z86E08 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 P3REF is common to both 
comparators. 

Typical applications for the on-board comparators; Zero 
crossing detection, A/0 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 

SPECIAL FUNCTIONS 

The ZB MCU incorporates special functions to enhance the 
ZB's application in industrial, scientific and advanced 
technologies applications. 

RESET is accomplished through Power-On or a Watch
Oog Timer Reset. Upon power-up, the power-on reset 

POR 
(Cold Start) 

INTOSC 

Delay Line 
50 msec 

Z86E08 CMOS ZS® 
8·BIT MICROCONTROLLER 

Mode. The common voltage range is 0-4V; the power 
supply and common mode rejection ratios are 90dB and 
60dB, respectively. 

Interrupts are generated on either edge of comparator 2's 
output, or on the falling edge of comparator 1 's output. The 
comparator output is used for interrupt generation, Port 3 
data inputs, orT1N through P31. Alternatively, the compara
tors can be disabled, freeing the reference input (P33) for 
use as IRQ1 and/or P33 input. 

circuit waits for 50 µsec plus 18 crystal clocks and then 
starts program execution at address OOOC (Hex). Refer
ence Table 3 for the Z86E08 control registers' reset values 
(Figure 8). 

XTALOSC 

18CLK 
Reset Filiter 

Figure 8. Internal Reset Configuration 

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

• Power bad to power good status 
• Stop-Mode Recovery 
• WOT time out 
• WOH time out 

3-8 

Watch-Dog Timer Reset. The WOT is a retriggerable one
shot timer that resets the ZS if it reaches its terminal count. 
The WOT is initially enabled by executing the WOT instruc
tion and is retriggered on subsequent execution of the 
WOT instruction. The timer circuit is driven by an on-board 
RC oscillator. 



~2.iUJE 
Z86E08 CMOS ZS" 

S·BIT MICROCONTROLLER 

Table 3. Z86E08 Control Registers 

Reset Condition 
Addr. Reg. 07 06 05 04 03 02 01 DO Comments 

F1 TMR 0 0 0 0 0 0 0 0 
F2 T1 u u u u u u u u 
F3 PRE1 u u u u u u 0 0 
F4 TO u u u u u u u u 
F5 PREO u u u u u u u 0 
F6* P2M 1 1 1 1 1 1 1 1 Inputs after reset. 

F7* P3M u u u u u u 0 0 
FB* P01M u u u 0 u u 0 1 
F9 IPR u u u u u u u u 
FA IRQ u u 0 0 0 0 0 0 IRQ3 is used for 

positive edge 
detection. 

PB IMR 0 u u u u u u u 
PC FLAGS u u u u u u u u 
FD RP 0 0 0 0 0 0 0 0 
FF SPL u u u u u u u u 

Note: 
* Not reset after a Low on P27 to get out of STOP Mode 

Program Memory. The Z86EOB addresses up to 2 Kbytes These locations contain six 16-bit vectors that correspond 
of internal program memory (Figure 9). The first 12 bytes of to the six available interrupts. Bytes 0-2048 are on-chip 
program memory are reserved for the interrupt vectors. one-time programmable ROM. 

20 48 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

..... - -~ "' 11 

10 

9 

8 

7 

6 

5 ~ 
~ 51 

3 

2 

1 

0 

On-Chip 
ROM 

- - - - - -

IRQS 

IRQS 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 9. Program Memory Map 
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SPECIAL FUNCTIONS (Continued) 

Register File. The Register File consists of three 1/0 port 
registers, 124 general purpose registers, and 14 control 
and status registers RO-R3, R4-R127 and R241-R255, 
respectively (Figure 10). General purpose registers oc
cupythe 04H to 7FH address space. 1/0 ports are mapped 
as per the existing CMOS Z8. The Mode and Configuration 
Registers are the same as the Z86C08. The Z86E08 

Location 
255 

3-10 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

127 

4 

3 

2 

0 

Stack Pointer (Bits 7-0) 

General Purpose Register 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3 Mode 

Port2 Mode 

TO Prescaler 

Timer/Counter O 

T1 Prescaler 

Timer/Counter 1 

Timer Mode 

Not Implemented 

General Purpose 
Registers 

Port3 

Port2 

Reserved 

Porto 

Figure 10. Register File 

Identifiers 

SPL 

GPR 

RP 

FLAGS 

HMH 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

P3 

P2 

P1 

PO 

Z86E08 CMOS ZS® 
8·BIT MICROCONTROLLER 

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 (Figure 11) addresses the starting loca
tion of the active working-register group. 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

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

--~ :: l.___ __ ____.I} R15to RO 

7F 

70 
6F 

60 
5F 

50 
4F 

40 
3F 

30 
2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group ~ 

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

Register Group 1 

Register Group O 

~-----------------1/0 Ports 

~ R15toRO 

R15to R4 

R3toRO 

Figure 11. Register Pointer 



Stack Pointer. The Z86E08 has an 8-bit Stack Pointer 
(R255) used for the internal stack that resides within the 
124 general-purpose registers. 

GPR (R254). This register is 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 (TO) or IRQ5 (T1) is generated. 

Clock 
Logic 

TIN P31 

Internal Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Z86EOB CMOS ZS® 
B·BIT MICROCONTROLLER 

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 sig
nal input through Port 3. The Timer Mode register config
ures the external timer input (P30) as an external clock, a 
trigger input that is retriggerable or not retriggerable, or 
used as a gate input for the internal clock. 

Internal Data Bus 

Write 

To 
Initial Value 

Register 

8-bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

To 
Current Value 

Register 

T1 
Current Value 

Register 

IRQ4 

IRQ5 

Figure 12. Counter/Timers Block Diagram 
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SPECIAL FUNCTIONS (Continued) 

Interrupts. The Z86E08 has six interrupts from five differ
ent sources. These interrupts are maskable and prioritized 
(Figure 13). The five sources are divided as follows: the 
falling edge of P31 (AN1 ), P32 (AN2), P33 (REF), 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 Z86E08 inter
rupts are vectored through locations in program memory. 
When an Interrupt machine cycle is activated, an Interrupt 
Request is granted. This disables all subsequent inter
rupts, saves the Program Counter and Status Flags, and 
then branches to the program memory vector location 
reserved for that interrupt. This memory location and the 
next byte contain the 16-bit starting address of the inter
rupt service routine for that particular interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86EOB CMOS ZS® 
B·BIT MICROCONTROLLER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the interrupt request register is 
polled to determine which of the interrupt requests needs 
service. 

Table 4. Interrupt Types, Sources, and Vectors 

Source Name Vector Location 

AN2(P32) IRQO 
REF(P33) IRQ1 
AN1(P31) IRQ2 
AN2(P32) IRQ3 
TO IRQ4 
T1 IRQ5 

Notes: 
F = Falling edge triggered 
R = Rising edge triggered 

IRQO- IRQ5 

IPR 

PRIORITY 
LOGIC 

0, 1 
2,3 
4,5 
6,7 
8,9 

10, 11 

6 

Comments 

External (F)Edge 
External (F)Edge 
External (F)Edge 
External (R)Edge 
Internal 
Internal 

Vector Select 

Figure 13. Interrupt Block Diagram 
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Clock. The Z86E08 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, 
ceramic resonator, or any suitable external clock source. 
The crystal should be AT cut, 12 MHz max, with a series 
resistance (RS) of less than or equal to 100 Ohms. 

Z86EOS CMOS ZS® 
S·BIT MICROCONTROLLER 

The crystal should be connected across XT AL 1 and XTAL2 
using the vendors crystal recommended capacitors (ca
pacitance is between 10 pF to 250 pF depending upon the 
crystal manufacturer, ceramic resonator and PCB layout) 
from each pin to device ground pin (Figure 14). 

___ ___, XTAL 1 ....-----1 XTAL 1 

C1 

Vss* ~ • 

C1I 

Vss* -=- L 

-----l XTAL2 ------1 XTAL2 

C2 I 
Vss* = 

C2 I 
Vss* -=-

Ceramic Resonator 
or Crystal 

LC Clock External Clock 

• Device Ground Pin 

Figure 14. Oscillator Configuration 

HALT Mode. Turns off the internal CPU clock but not the 
crystal oscillation. The counter/timers and external inter
rupts IRQO, IRQ1, and IRQ2 remain active. The device is 
recovered by interrupts, either externally or internally gen
erated. The lcc in HALT state is lcc (run mode) divided
by-ten. An interrupt request must be executed (enabled) to 
exit HALT mode. After the interrupt service routine, the 
program continues from the instruction after the HALT. 

STOP Mode. This instruction turns off the internal clock 
and external crystal oscillation and reduces the standby 
current to 10 µA. The STOP Mode is released by a RESET 
through a Stop-Mode Recovery (pin P27). Program execu
tion begins at location OOOC (Hex). However, when P27 is 
used to release the STOP Mode, the 1/0 port mode regis
ters are not reconfigured to their default power-on condi
tions. This prevents any 1/0, configured as output when the 
STOP instruction was executed, from glitching to an un
known state. To use the P27 release approach with STOP 
Mode, use the following instruction: 

OR P2M, #80H 
NOP 
STOP 

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

FF NOP; clear the pipeline 
6F STOP; enter STOP mode 

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

Watch-Dog Timer (WOT). The Watch-Dog Timer is en
abled by instruction WOT. When the WOT is enabled, it 
cannot be stopped by the instruction. With the WOT 
instruction, the WOT is refreshed when it is enabled within 
every 15 µsec; otherwise, the Z86E08 resets itself. 

WOT = 5F (Hex) 

Opcode WOT (5FH). The first time opcode 5FH is ex
ecuted, the WOT is enabled and subsequent execution 
clears the WOT counter. This has to be done at least every 
15 µsec. Otherwise, the WOT times out and generates a 
reset. The generated reset is the same as a power-on reset 
of 50 µsec +18 XTAL clock cycles. 
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SPECIAL FUNCTIONS (Continued) 

Opcode WDH (4FH). When this instruction is executed it 
enables the WOT during HALT. If not, the WOT stops when 
entering HALT. This instruction does not clear the counters, 
it just makes it possible to have the WOT running during 
HALT Mode. A WOH instruction executed without execut
ing WOT (5FH) has no effect. 

Vee 
(Volts) 

2.50 

2.45 

2.40 

2.35 

r--...... 

Z86E08 CMOS ZS® 
S·BIT MICROCONTROLLER 

Auto Reset Voltage (VRsrl· The Z86E08 has an auto-reset 
built-in. The auto-reset circuit resets the Z86E08 when it 
detects the Vee belowVRsr Figure 15 shows the Auto Reset 
Voltage vs temperature. 

v 2.30 

~/ 2.25 1---1-----11-----1-~ ........ o:V---+---+---+----l 

2.20 '-~~ ....... ~~ ....... ~~~ ...... ~~ ....... ~~.....i.~~~--~~ ....... ~~---' Temp 

-5°C 25°C 75°C 

Figure 15. Typical Auto Reset Voltage (VRsT> vs Temperature 
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Low EMI Emission 

The Z86E08 can be programmed to operate in a low EMI 
emission mode by means of an EPROM program·mable bit 
option. Use of this feature results in: 

• Less than 1 mA consumed during HALT mode. 

• All drivers slew rates reduced to 10 ns (typical). 

• Internal SLCK{TCLK operation limited to a maximum 
of 4 MHz - 250 ns cycle time. 

• Output drivers have resistances of 200 ohms (typical). 

• Oscillator divide-by-two circuitry eliminated. 

The Z86E08 offers programmable ROM Protect and pro
grammable Low Noise features. When the device is pro
grammed for ROM Protect, the Low Noise feature will 

Z86E08 CMOS ZS® 
8-BIT MICROCONTROLLER 

automatically be enabled. When programmed for Low 
Noise, the ROM Protect feature is optional. 

Besides V DD and GND (V ssl· the Z86E08 changes all its pin 
functions in the EPROM mode. XTAL2 has no function, 
XTAL 1 functions as /CE, P31 functions as /OE, P32 func
tions as EPM, P33 functions as V PP' and P02 functions as 
/PGM. 

ROM Protect. ROM Protect fully protects the Z86E08 ROM 
code from being read externaily. When ROM Protect is 
selected, the Z86E08 will disable the instructions LDC and 
LOCI (Z86E08 and Z86C08 do not support the instructions 
of LOE and LDEI). 

User Modes. Table 5 shows the programming voltage of 
each mode of Z86E08. 

Table 5. OTP Programming Table 

Programming Modes Device 

EPROM READ1 All 
EPROM READ2 All 

PROGRAM All 
PROGRAM VERIFY All 

EPROM PROTECT All 
LOW NOISE SELECT E08 

Notes: 
VH 12.5V±0.5V 
v," As per specific ZS DC specification. 
v,L = As per specific ZS DC specification. 
X Not used, but must be set to V", V'"' or v,L level. 
NU = Not used, but must be set to either v," or V1L level. 
lee during programming = 40 mA maximum. 
100 during programming, verify, or read = 40 mA maximum. 
• V cc has a tolerance of ±0.25V. 

vpp EPM 

x VH 
x VH 

VH x 
VH x 
VH VH 
VH VIH 

/CE /OE /PGM ADDA DATA Vee• 

VIL VIL VIH ADDA Out 4.5V 

VIL VIL VIH ADDA Out 5.5V 

VIL VIH VIL ADDA In 6.0V 

VIL VIL VIH ADDA Out 6.0V 

VH VIH VIL NU NU 6.0V 
VH VIH VIL NU NU 6.0V 
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SPECIAL FUNCTIONS (Continued) 

Internal Address Counter. The address of Z86E08 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. 

Z86E08 CMOS ZS® 
S·BIT MICROCONTROLlfR 

Programming Waveform. Figures 17, 18 and 19 show the 
programming waveforms of each mode. Table 6 shows the 
timing of programming waveforms. 

Programming Algorithm. Figure 20 shows the flow chart 
of the Z86E08 programming algorithm. 

Table 6. Timing of Programming Waveforms 

Parameters Name Min Max Units 

1 Address Setup Time 2 µs 
2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 V cc Setup Time 2 µs 

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

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

13 /PGM Setup Time 2 µs 
14 Address to /OE Setup Time 2 µs 
15 Option Program Pulse Width 78 ms 
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P01 =Clock 

POO =Clear 

Internal 
Address 

Data 

Vih 

Vil Invalid 

Legend: 

T1 Reset Clock Width 
T2 Input Clock High 
T3 Input Clock Period 
T4 Input Clock Low 
TS Clock to Address Counter Out Delay 

Invalid 

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

Valid 

Figure 16. Z86E08 Address Counter Waveform 

Z86E08 CMOS ZS® 
B·BIT MICROCONTROLLER 
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Low EMI Emission (Continued) 

Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 

3-18 

VIH 

VIL 

VIH 

VIL 
Invalid 

VH 

VIL 

VH 

VIL 

4.5V 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

® 

Address Stable 

® 5.5V 

0 Min 

Figure 17. Z86E08 Programming Waveform 
(EPROM Read) 

Z86EOS CMOS ZS® 
S·BIT MICROCONlROLLER 



.2ilfl6 

Address 

Data 

VPP 

EPM 

vcc 

/CE 

/OE 

/PGM 

VIH 

VIL 

VIH 

VIL 

VH 

VIH 

VH 

VIL 

6V 

4.5V 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

Address Stable 

----Program Cycle ---..... 4--Verify Cycle 

Figure 18. Z86E08 Programming Waveform 
(Program and Verify) 

Z86E08 CMOS ZB® 
B·BIT MICROCONTROLLER 
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Low EMI Emission (Continued) 

VIH 

Address 
VIL 

v 
VPP H 

Vee 

/CE 

/OE 

EPM 

/PGM 

3·20 

VIH 

6V 

4.5V 

VH 

VIH 

VIH 

VIL 

VH 

VIH 

VIL 

VIH 

VIL 

® 

EPROM Protect Low Noise 

Figure 19. Z86E08 Programming Waveform 
(EPROM Protect and Low EMI Program) 

Z86E08 CMOS ZS® 
8·BIT MICROCONTROLLER 



Increment 
Address 

Start 

Device Passed 

Figure 20. Z86E08 Programming Algorithm 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Min Max Units 

Vee Supply Voltage* -0.3 +7 v 
TSTG Storage Temp -65 +150 c 
TA Oper Ambient Temp t t c 

Notes: 
•Voltages on all pins with respect to GND. 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 19). 

CAPACITANCE 

Z86E08 Cf.IOS ZS® 
8·BIT MICROCONTROLLER 

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

+SV 

2.1 kn 

From Output 0--------<1~--u--
UnderTest 

Figure 21. Test Load Diagram 

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

Parameter 

Input Capacitance 
Output Capacitance 
1/0 Capacitance 

Vee SPECIFICATION 
4.5V to 5.0V ± 0.5V 
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Max 

10 pF 
20 pF 
25 pF 



~2il!lG 
Z86E08 CMOS ZS® 

B·BIT MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS 

TA= 0°C to +70°C Typical 
Symbol Parameter Vee Min Max @25°C Units Conditions 

Max Input Voltage 4.5V 12 v VIN= 250 µA 
5.5V 12 v VIN= 250 µA 

VCH Clock Input High 4.5V 0.7 Vee vcc+0.3 2.4 v Driven by External 
Voltage Clock Generator 

5.5V 0.7 v cc vcc+0.3 2.6 v Driven by External 
Clock Generator 

VCL Clock Input Low 4.5V vss-0.3 0.2 Vee 1.6 Driven by External 
Voltage Clock Generator 

5.5V vss-0.3 0.2 Vee 2.3 v Driven by External 
Clock Generator 

VIH Input High Voltage 4.5V 0.7 v cc vcc+0.3 2.1 v 
5.5V 0.7 Vee vcc+0.3 2.7 v 

V1L Input Low Voltage 4.5V vss-0.3 0.2 Vee 1.2 v 
5.5V vss-0.3 0.2 Vee 1.7 v 

VOH Output High Voltage 4.5V vcc-0.4 3.9 v l0H = -2.0 mA 
5.5V vcc-0.4 5.4 v l0H=-2.0 mA 

VOL1 Output Low Voltage 4.5V 0.8 0.2 v l0L =+4.0 mA 
5.5V 0.4 0.2 v 10L =+4.0 mA 

VOL2 Output Low Voltage 4.5V TBD 0.7 v l0L =+12 mA. II 3 Pin Max 
5.5V 0.8 0.5 v l0L = +12 mA, 

3 Pin Max 

VOFFSET Comparator Input 4.5V 10 6 mV 
Offset Voltage 

5.5V 25 7 mV 

VRST Auto Reset Voltage 1.55 2.7 2.4 v 

l1L Input Leakage 4.5V -1.0 1.0 1.0 µA VIN= OV, Vee 
(Input Bias Current 5.5V -1.0 1.0 1.0 µA VIN= OV, Vee 
of Comparator) 

IOL Output Leakage 4.5V -1.0 1.0 1.0 µA VIN= OV, Vee 
5.5V -1.0 1.0 1.0 µA VIN= OV, Vee 
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~2iUJG Z86E08 CMOS ZS® 
8·81T MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS (Continued) 

TA= 0°c to +7D°C Typical 
Symbol Parameter Vee Min Max @25°C Units Conditions 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins 
(Standard Mode) Floating@ 2 MHz 

5.5V 7.0 5.0 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

4.5V 9.0 4.5 mA All Output and 1/0 Pins 
Floating@ 8 MHz 

5.5V 11.0 8.3 mA All Output and 1/0 Pins 
Floating@ 8 MHz 

4.5V 10 6.1 mA All Output and 1/0 Pins 
Floating@ 12 MHz 

5.5V 15 10.8 mA All Output and 1/0 Pins 
Floating@ 12 MHz 

ICC1 Standby Current 4.5V 2.5 0.5 mA HALT Mode V1N = OV, 
(Standard Mode) Vee @2 MHz 

5.5V 4.0 1.0 mA HALT Mode V1N = OV, 
Vcc@2MHz 

4.5V 4.0 1.0 mA HALT Mode V1N = OV, 
Vcc@8 MHz 

5.5V 5.0 2.0 mA HALT Mode V1N = OV, 
Vee@ 8 MHz 

4.5V 5.0 1.3 mA HALT Mode V1N = OV, 
Vcc © 12 MHz 

5.5V 7.0 2.3 mA HALT Mode V1N = OV, 
Vcc@12 MHz 

Ice Supply Current 4.5V 4.0 2.2 mA All Output and 1/0 Pins 
(Low Noise Mode) Floating@ 1 MHz 

5.5V 7.0 4.2 mA All Output and 1/0 Pins 
Floating@ 1 MHz 

4.5V 6.0 2.9 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

5.5V 9.0 5.5 mA All Output and 1/0 Pins 
Floating@ 2 MHz 

4.5V 8.0 4.4 mA All Output and 1/0 Pins 
Floating@ 4 MHz 

5.5V 11.0 7.9 mA All Output and 1/0 Pins 
Floating@ 4 MHz 
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~2iU:6 
Z86E08 CMOS ZS® 

8-BIT MICROCONTROLLER 

T. = 0°c to +70°C Typical 
Symbol Parameter Vee Min Max @25°C Units Conditions 

ICC1 Standby Current 4.5V 1.2 a.4 mA HALT Mode VIN= av, 
(Low Noise Mode) Vcc@1 MHz 

5.5V 1.6 a.9 mA HALT Mode VIN= av, 
Vcc@1 MHz 

4.5V 1.5 a.5 mA HALT Mode VIN= av, 
Vcc@2 MHz 

5.5V 1.9 mA HALT Mode v1N =av, 
Vcc@2 MHz 

4.5V 2.a a.s mA HALT Mode V1N =av, 
Vcc@4MHz 

5.5V 2.4 1.3 mA HALT Mode v1N =av, 
Vcc@4 MHz 

ICC2 Standby Current 4.5V 10 1.a µA STOP Mode v1N =av, 
Vee WOT is not Running 

5.5V 10 1.a µA STOP Mode VIN= av, 
V cc WOT is not Running 

IALL Auto Latch Low Current 4.5V -7.a -3.3 µA aV<V1N<Vcc 
5.5V -7.a -6.5 µA av< VIN< Vee 

IALH Auto Latch High Current 4.5V 10 -6.a µA OV<V1N<Vcc 
5.5V 15 11.5 µA av <V1N<Vcc 

Notes: 
[1] ICC1 Typ Max Unit Freq 

Clock Driven on Crystal 3.0 5.0 mA BMHz 
or XTAL Resonator 0.3 5.0 mA BMHz 

II [2] vss =av= GND 
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AC ELECTRICAL CHARACTERISTICS 

Clock 

Figure 22. Electrical Timing Diagram 
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~2.il...06 Z86E08 CMOS ZS® 
8-BIT MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Low Noise Mode 

TA= 0°c to +7D°C 
1 MHz 4MHz 

No Symbol Parameter Vee Min Max Min Max Units Notes 

TpC Input Clock Period 4.5V 1000 250 100,000 ns [1] 
5.5V 1000 250 100,000 ns [1] 

2 TrC,TfC Clock Input Rise 4.5V 25 25 ns [1] 
and Fall Times 

5.5V 25 25 ns 

3 TwC Input Clock Width 4.5V 450 100 ns [1] 
5.5V 450 100 ns [1] 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 4.5V 1.5TpC 1.5TpC [1] 
5.5V 1.5TpC 1.5TpC [1] 

6 TpTin Timer Input Period 4.5V 4TpC 4TpC [1] 
5.5V 4TpC 4TpC [1] 

7 TrTin, Timer Input Rise 4.5V 100 100 ns [1] 
TtTin and Fall Timer 

5.5V 100 100 ns [1] 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time II 5.5V 70 70 ns [1,2] 

9 TwlH Int. Request Input 4.5V 1.5TpC 1.5TpC [1] 
High Time 

5.5V 1.5TpC 1.5TpC [1,2] 

10 Twdt Watch-Dog Timer 4.5V 20 20 ms [1] 
Delay Time 

5.5V 15 15 ms [1] 

11 TPOR Power-On 4.5V 100 100 ms [1] 
Reset Time 5.5V 90 90 ms [1] 

Notes: 
[1] Timing Reference uses 0.9 V cc for a logic 1 and 0.1 V cc for a logic 0. 
[2] Interrupt request through Port 3 (P33-P31) 
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<t'2iUJG Z86E08 CMOS ZS® 
II-BIT MICROCONTROLLER 

AC ELECTRICAL CHARACTERISTICS 
Standard Mode, Standard Temperature 

TA= 0°c to +70°C 
8 MHz 12 MHz 

No Symbol Parameter Vee Min Max Min Max Units Notes 

11 TpC Input Clock Period 4.5V 125 100,000 83 100,000 ns [1] 
5.5V 125 100,000 83 100,000 ns [1] 

2 TrC,TfC Clock Input Rise 4.5V 25 15 ns [1] 
and Fall Times 

5.5V 25 15 ns 

3 TwC Input Clock Width 4.5V 37 26 ns [1] 
5.5V 37 26 ns [1] 

4 TwTinL Timer Input Low Width 4.5V 100 100 ns [1] 
5.5V 70 70 ns [1] 

5 TwTinH Timer Input High Width 4.5V 3TpC 3TpC [1] 
5.5V 3TpC 3TpC [1] 

6 TpTin Timer Input Period 4.5V 8TpC 8TpC [1] 
5.5V 8TpC 8TpC [1] 

7 Tr Tin, Timer Input Rise 4.5V 100 100 ns [1] 
TtTin and Fal I Timer 

5.5V 100 100 ns [1] 

8 Twll Int. Request Input 4.5V 100 100 ns [1,2] 
Low Time 

5.5V 70 70 ns [1,2] 

9 TwlH Int. Request Input 4.5V 3TpC 3TpC [1] 
High Time 

5.5V 3TpC 3TpC [1,2] 

10 Twdt Watch-Dog Timer 4.5V 50 50 ms [1] 
Delay Time 

5.5V 45 45 ms [1] 

11 TPOR Power-On 4.5V 100 100 ms [1] 
Reset Timer 5.5V 90 90 ms [1] 

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

R241 TMR 

R242T1 

R243 PRE1 

O No Function 
1 LoadTO 

O Disable TO Count 
1 Enable TO Count 

No Function 
LoadT1 

Disable T1 Count 
Enable T1 Count 

TIN Modes 
oo External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
00 NotUsed 
01 TO Out 
10 T1 Out 
11 Internal Clock Out 

Figure 23. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range 1-256 Decimal 
01-00 HEX) 
T 1 Current Value 
(When READ) 

Figure 24. Counter Timer 1 Register 
(F2H: Read/Write) 

Count Mode 
0=T1 Single Pass 
1 = T 1 Modulo N 

Clock Source 
1 = T1 Internal 
o = T 1 External Timing Input 
(T 1N) Mode 

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

Figure 25. Prescaler 1 Register 
(F3H: Write Only) 

R244 TO 

R245 PREO 

R246 P2M 

R247 P3M 

Z86E08 CMOS ZS® 
8-Brr MICROCONTROLLER 

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

Figure 26, Counter/Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
O = T 0 Single Pass 
1 = T 0 Modulo-n 

Reserved (Must be 0.) 

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

Figure 27. Prescaler 0 Register 
(FSH: Write Only) 

P2 7 - P20 1/0 Definition 
0 Defines Bit as OUTPUT 
1 Defines Bit as INPUT 

Figure 28. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Pull-Ups Open-Drain 
1 Port 2 Pull-Ups Active 

Port 3 Inputs 
0 Digital 
1 Analog 

Reserved (Must be O.) 

Figure 29. Port 3 Mode Register 
(F7H: Write Only) 
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ZS CONTROL REGISTERS (Continued) 

R248 P01M 

R249 IPR 

""'T"" 

R250 IRQ 

3-30 

P03- P00 Mode 
OO=Output 
01 =Input 

Reserved (Must be O.) 

MustbeO. 

Reserved (Must be O.) 

Figure 30. Port O and 1 Mode Register 
(FSH: Write Only) 

L. l Interrupt Group Priority 
Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C> 8=011 
B>C>A=100 
C>B>A=101 
B>A>C=110 
Reserved= 111 

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

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

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

Reserved (Must be O.) 

Figure 31. Interrupt Priority Register 
{F9H: Write Only) 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P32 Input 
IRQ4=TO 
IR05=T1 

Reserved (Must be O.) 

Figure 32. Interrupt Request Register 
{FAH: Read/Write) 

R251 IMR 

Z86E08 CMOS ZS® 
8-Brr MlcROCONmOLLER 

lwlool~l~lool~l~lool 

I I.____ 1 Enables IRQO-IRQ5 
(Do= IRQO) 

Reserved (Must be O.) 

1 Enables Interrupts 

R252 Flags 

R253 RP 

R255 SPL 

Figure 33. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Haff Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 34. Flag Register 
{FCH: Read/Write) 

Don't Care 

Register Pointer 

Figure 35. Register Pointer 
(FDH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SPo) 

Figure 36. Stack Pointer 
{FFH: Read/Write) 



Z86E08 CMOS ZB® 
B·BIT MICROCONTROLLER 

OPERATING MODES 

Current 16 ..--..,...------~--------~----, 
(ma) / lceat5.5V 

141----+---+---+--+----+---+---+--+-------::~:__---1 

12 t------+---+--t-----t---+---t--_.,..L~J/t-----t---1 
~ 10 1---+---+----+--+---=-""""''------+----+--+---+----f 

~ _./'"j_--+--+-T-l lccat4.0V 

B 1---+---=-""'F=------t--+----=""1""'------+----+--+---+----f 

S 1-~---j~---f=,.-_,,,..""'-j~--t-v---t--t---t----i------:::=l-""-'9 lcc1at5.5V 

VI ~ 
4 ,......-j lcc1at4.0V 

2 .__...__ ....... _ __. __ ..__...__ ....... _ __. __ ..__...__ .... 

2 3 4 5 6 7 B 9 10 11 12 
Frequency (MHz) 

Figure 37. Maximum Ice and lcci vs Frequency in Standard Mode 

11 ...--...----------------------. Current V1 Ice at 5.5V 
(ma) 

101---+--+--+-----+----+--t---l----+----lf--~~,rc+---1 

91----+---+-----+----+--+---+----+-------2-~~V"~t--1 
a1---+---+---+---+--+------4~L~~-+--+---1--1 z 7~-+-~L~V---+---->---t--+---+---1 

6 t---+---1-,...V---l~,_-----:f---t---+---r----t--.,,,..---lv--j-v-----:- Ice at4.0V 

5 l---+--~..£J~----t--------'f---l----+---+--+-oo.,,,.,,,_::+---+---f v V'" 
41----+~+-~f----+~+-~~.,,,........=--t--t-~-t--~t----1 

~ 3 1---+--+----\-::;;;~'-t---+--t---t----t----11---t-------1 

K 21--______........-1=----+--~+----+~-+-~-+-~1---+~-+--~+---1 

1--t:t:'.±~±=±=~~~;~~~~=~~ lcc1 at5.5V r lcc1 at 4.0V 

0 ..__...__..__...__....__....__ ...... _ ...... _ __. _ __..___....___. 

1 2 3 4 5 6 7 8 9 10 11 12 

Frequency (MHz) 

Figure 38. Typical Ice and lcci vs Frequency in Standard Mode 
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OPERATING MODES (Continued) 

3-32 

Current 8 1 _____________ _ 

(ma) I ./ Ice at 5.5V 

7 l----+---+----+---+-__,,,,,,.....-1""-+l--"""----I 
I~ 

6 1--~-+-~--+~--=-~~'-----~t--~-+-~-1 

~ 5 

lccat4.0V 

3 

2~ 

0 

i;;;;;;;;=;;j;;;;;=.....j.=~+--+---t---11cc1 at 5.5V l.--.+---+--+--+--j----J lcc1 at4.0V 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequency (MHz) 

Figure 39. Typical 100 and 1001 vs Frequency in Low EMI Mode 

Current 11 ---.----.--...---.---...... - .. I ~ Ice at 5.5V 
(ma) 10 .--r--

1-----t~--+~-i..---t-----+~-=-=-+~, 

91---~--1---~----__...,=-----1-~---1-~~l-------I 

:JLJ ~ lccat4.0V 

61---+-------~~v---~-+----+------I 

:~ 
lcc1at5.5V 

b=::b=d==::::;::;:~~::f:===1=~ lcc1 at4.0V 

0 ._ _ _._ _____ ..._ _ _._ _ __...._ ....... 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Frequency (MHz) 

igure 40. Maximum 100 and 1001 vs Frequency in Low EMI Mode 

Z86E08 CMOS ZS® 
8-BIT MICROCONTROu.ER 
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Time 
(Msec) 

80 

75 

70 

65 

60 

55 

Time 34 
{Msec) 

32 

30 

28 

26 

24 

22 

18 

16 

Z86E08 CMOS ZS® 
S·BIT MICROCONTROLLER 

i----t---r-----t---t--------t----t----t-----::::...., 4.0V 

~ 

--~ 1---:::;;;;o!-.....,,,.=---+---+---f---+---t---+-=~-1 4.5V 

~ ~ 
5.0V 

Figure 41. Typical POR Time Out Period vs Temperature 

A 4.0V 
1----+---+---+----l---+---+---+--:~'---I 

~ 

~ __.-4.5V 

v-r ~ 

14 ~i--~~---~~'--~ ....... ~~ ....... ~~.._~__.~~.....i..~~~ 
Temp 

-5°C 25°C 75°C 

Figure 42. Typical WOT Time Out Period vs Temperature 
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INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Ir 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

3-34 

Meaning 

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

Z86E08 CMOS ZS® 
S·BIT. MICROCONTROLLER 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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



*2iUJG 
Z86E08 CMOS ZS® 

8·BIT MICROCONTROLLER 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

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

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

1111 UGE Unsigned greater than or equal C=O 
0111 ULT Unsigned less than C=1 
1011 UGT Unsigned greater than (C = 0 AND Z=0)=1 
0011 ULE Unsigned less than or equal (C OR Z)=1 
0000 F Never true (Always False) 

II 
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INSTRUCTION FORMATS 

OPC 

dst OPC 

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

INCr 

ZSSEOS CMOS ZS® 
S·BIT MICROCONTROLLER 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src ORI 1110 I dst/src I 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 111 0 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LD, LDE, LDEI, 

dst/src src/dst 
LDC, LOCI 

dst/src OPC LD 

OR I 1110 I src 

dst OPC LD 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst --- dst + src 

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

3-36 

OPC l MODE ADC, ADD, AND, CP, 

src OR 1 1 1 0 src 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst ORI 111 0 I dst 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE I OPC LD 

src OR 111 0 src 

dst OR 111 0 dst 

MODE I OPC LD 

dst/src l x 

ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst(7) 

refers to bit 7 of the destination operand. 



~2iUJG 
Z86E08 CMOS ZS® 

8·81T MICROCONTROLLER 

INSTRUCTION SUMMARY 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s V D H and Operation dst src (Hex) c z S V D H 

ADC dst, src t 1 [ l * * * * 0 * INC dst rE - * * * - -
dSlf-dSI + src +C dStf-dSt + 1 r= 0- F 

R 20 
ADD dst, src t O[ l * * * * 0 * IR 21 
dstf-dst + src 

INCW dst RR AO - * * * - -AND dst, src t 5[ ] - * * 0 OStf-dSt + i IR Ai 
dSlf-dSI AND src 

IRET BF * * * * * * CALL dst DA D6 FLAGSf-@SP; 
SPf-SP-2 IRR D4 SPf-SP + 1 
@SPf-PC, PCf-@SP; 
PCf-dSt SPf-SP +2; 
CCF EF * - - - - - IMR(7)f-1 
Cf-NOT C JP cc, dst DA cD - - - - - -
CLR dst R BO if cc is true, C=O-F 

dStf---0 IR B1 PCf-dst IRR 30 

COM dst R 60 - * * 0 JR cc, dst RA cB - - - - - -
dstf-NOT dst IR 61 if cc is true, C=O-F 

PCf-PC + dst 
CP dst, src t A[ l * * * * - - Range: + 127, 
dst- src -12S 

II DA dst R 40 * * * x LD dst, src Im re - - - - - -
dstf-DA dst IR 41 dStf-SrC r R rs 

DEC dst R 00 
R r r9 - * * * r=O-F 

dStf-dSt-1 IR 01 r x C7 
DECWdst RR 80 - * * * - - x r D7 
dSlf-dSt-1 IR S1 r Ir E3 

Ir r F3 
DI SF - - - - - - R R E4 
IMR(7)f-0 R IR ES 

DJNZr, dst RA rA R IM E6 - - - - - -
IR IM E7 

rf-r-1 r=O-F IR R F5 
if r#O 
PCf-PC + dst LDC dst, src Irr C2 - - - - - -

Range: + 127, dstf-src 
-12S 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dstf-src 
IMR(7)f-1 rf-r + 1; 

HALT 7F rrf-rr + 1 - - - - - -

3.37 



~2iUJ6 Z86E08 CMOS ZS® 
S·BIT MICROCONTROLLER 

INSTRUCTION SUMMARY (Continued) 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s v D H and Operation dst src (Hex) c z s v D H 

NOP FF STOP 6F - - - - -

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

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

f7 5C IR F1 

SP+..SP + 1 o I 

PUSH src R 70 - - - - - -
SP+..SP-1; IR 71 TCM dst, src t 6[ l - * * 0 

- -
@SP+..src (NOT dst) 

RCF CF 0 - -
AND src 

- - -
C+..O TM dst, src t 7[ l - * * 0 

- -
dst AND src 

RET AF - - - - - -
PC+..@SP; WDH 4F 
SP+..SP +2 

WOT SF - x x x 
RL dst R 90 ****·· 
~ 

IR 91 XOR dst, src t B[ l - * * 0 
dst+..dst 
XOR src 

RLC dst R 10 ****·· 
~ 

IR 11 t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a'[ ]' 

RR dst R EO ****·· in this table, and its value is found in the following table to the left of the 

lfu4t:j}J IR E1 applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 

RRC dst R co * * * * - - modes r {destination) and Ir (source) is 13. 

L:§:EiP IR C1 
Address Mode Lower 
dst src Opcode Nibble 

SBC dst, src t 3[ l * * * * 1 * dst+..dSlf-SfCf-C [2] 

SCF OF - - - - -
C+..1 Ir [3] 

SRA dst R DO * * * 0 
- - R R [4] 

~ 
IR 01 

R IR [5] 

R IM [6] 
SRPdst Im 31 - - - - - -
RP+..src IR IM [7] 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 

6.5 
RLC 
R1 

6.5 
2 INC 

R1 

8.0 
3 JP 

IRR1 

8.5 
4 DA 

R1 

10.5 
5 POP 

R1 

6.5 
6 COM 

i R1 

:s 10/12.1 
.!! 7 PUSH 

R2 J:I 
J:I z 10.5 

DECW 
RR1 8. 8 

a. 
:> 

6.5 
9 RL 

R1 

10.5 
A INCW 

RR1 

6.5 
B CLR 

R1 

6.5 
c RRC 

R1 

6.5 
D SRA 

R1 

6.5 
E RR 

R1 

8.5 
F SWAP 

R1 
;,;: 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 

6.5 6.5 
RLC ADC 
IR1 r1, r2 

6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP SBC 
IM r1, r2 

8.5 6.5 
DA OR 
IR1 r1, r2 

10.5 6.5 
POP AND 
IR1 r1, r2 

6.5 6.5 
COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 

10.5 
DECW 

IR1 

6.5 
RL 
IR1 

10.5 6.5 
INCW CP 

IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 

6.5 12.0 
RRC LDC 
IR1 r1, lrr2 

6.5 
SRA 
IR1 

6.5 
RR 
IR1 

8.5 
SWAP 

IR1 

2 

Execution 
Cycle 

Firs 
Operand 

Lower Nibble (Hex) 

3 4 5 6 7 8 9 

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

6.5 10.5110.5 10.5 10.5 
ADC ADC ADC ADC ADC 
r1, lr2 R2, R1 lR2, R1 R1, IM IR1, IM 

6.5 10.5110.5 10.5 10.5 
SUB SUB SUB SUB SUB 
r1, lr2 R2, R1 IR2, R1 R1, IM IR1, IM 

6.5 10.5110.5 10.5 10.5 
SBC SBC SBC SBC SBC 
r1, lr2 R2, R1 IR2, R1 R1, IM IR1, IM 

6.5 10.5110.5 10.5 10.5 
OR OR OR OR OR 

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

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

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

6.5 10.5 10.5 10.5 10.5 
TM TM TM TM TM 

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

6.5 10.5 10.5 10.5 10.5 
CP CP CP CP CP 

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

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

18.0 10.5 
LOCI LO 

lr1, lrr2 r1,x,R2 

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

6.5 10.5 10.5 10.5 10.5 
LD LO LD LO LO 

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

6.5 10.5 
LO LO • * lr1, r2 R2, IR1 

:A :A 

3 

Bytes per Instruction 

Lower 
Opcode 
Nibble 

l Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86E08 CMOS ZS® 
B·BIT MICROCONTROLLER 

A B c D 

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

~ • t 
:A :A: 

"T 

2 

Legend: 
R = 8-bit address 
r = 4-bit address 
R 1 or r 1 = Ost address 
R 2 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

'Y' 

3 

Note: Blank areas not defined. 

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

E F 

6.5 
INC 
r1 

t----1 

~ 

~ 

~ 
WDH 

t-s.o"'1 
WOT 

~ 
STOP 

t-y:o"1 
HALT 

l-e:1' 
DI 

l-e:1' 
El 

~ 
RET 

~ 
IRET 

i--e.s--' 
RCF 

~ 
SCF 

i--e.s--' 
CCF 

'"6:o'1 
~ NOP 

~ 
'I' 
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PACKAGE INFORMATION 

----- D -----! 

s Iii B 
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SYMBOL 
MILLIMETER 

MIN MAX 

Al 0.51 0.81 

A2 3.25 3.43 

B 0.38 0.53 

Bl 1.14 1.65 

c 0.23 0.38 

D 22.35 23.37 

E 7.62 8.13 

El 6.22 6.48 

El 2.54 TYP 

eA 7.87 8.89 

L 3.18 3.81 

QI 1.52 1.65 

s 0.89 1.65 

MIN 

.020 

.128 

.015 

.045 

.009 

.880 

.300 

.245 

Z86E08 CMOS ZS® 
S·BIT MICROCONTROLLER 

INCH 

MAX 

.032 

.135 

.021 

.065 

.015 

.920 

.320 

.255 

.100 TYP 

.310 .350 

.125 .150 

.060 .065 

.035 .065 

CONTROLLING DIMENSIONS o INCH 

18-Pin DIP Package Diagram 



ODERING INFORMATION 

Z86E08 

8 MHz 
Z86EOBOBPSC 

12MHz 
Z86E0812PSC 

Z86EOB CMOS ZB® 
B·BIT MICROCONTROLLER 

For fast results, contact your local Zilog sales office or technical center for assistance in ordering the part desired. 

Package 
P=Plastic DIP 

Temperature 
s = 0°c to +70°C 

Speeds 
08 = 8 MHz 
12= 12MHz 

Environmental 
C= Plastic Standard 

Example: 
Z 86E08 12 P S C 

~ 
is an Z86EOB, 12 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 
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Introduction 

Z86C07 ZB® CMOS 
B·Bit Microcontroller 

ZB&COB ZB® CMOS 
B·Bit Microcontroller 

ZB&EOB ZB® CMOS B·Bit 
OTP Microcontroller 

Z86C11 ZB® CMOS 
Microcontroller 

Z86C12 ZB® CMOS 
In-Circuit Emulator MCU 

Z86C21 ZB® CMOS 
BK ROM Microcontroller 

II 





FEATURES 

• 8-B1t CMOS M1crocontroller 

• 40-Pin DIP, 44-Pin PLCC or 44-Pin QFP Package 

• 4.5 to 5.5 Voltage Operating Range 

• Low Power Consumption - 220 mW (max)@ 16 MHz 

• Fast Instruction Pointer - 1.0 µs @ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 32 Input/Output Lines 

• Full-Duplex UART 

• All Digital Inputs are TTL Levels 

• Auto Latches 

GENERAL DESCRIPTION 

The ZS6C11 is a member of the ZS single-chip microcon
troller family with 4 Kbytes of ROM and 256 bytes of RAM. 
The MCU is housed in a 40-pin DIP, 44-pin PLCC, or a 
44-pin QFP, and is manufactured in CMOS technology. 

The ROMless pin option is available on the 44-pin versions 
only. Having the ROM/ROM less selectivity, the MCU offers 
both external memory and preprogrammed ROM. This 
enables the ZS microcontroller to be used in high volume 
applications, or where code flexibility is required. 

Zilog's ZS6C11 microcontroller offers fast execution, effi
cient use of memory, sophisticated interrupts, input/output 
bit manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 

PRODUCT SPECIFICATION 

Z86C11 
CMOS Z8® 
MICROCONTROLLER 

• RAM and ROM Protect 

• Low EMI Option 

• 4 Kbytes of ROM 

• 256 Bytes of RAM 

• Two Programmable S-Bit Counter/Timers each with 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from Eight Different 
Sources 

• Clock Speeds 12 and 16 MHz 

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

The ZS6C11 architecture is characterized by Zilog's S-bit 
microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features that are useful in many indus
trial and advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the ZS6C11 provides 32 pins dedicated to input and 
output. These lines are grouped into four ports. Each port 
consists of eight-lines, and is configurable under software 
control to provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C11 
CMOSZS®MCU 

There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory and 236 General-Purpose Registers. 

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

To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu
nication, the Z86C11 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
universal asynchronous receiver/transmitter (Figure 1 ). 

Power connections follow conventional descriptions below: 

4-2 

Output Input 

UART 

Counter/ 
Timers 

(2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

Vee GND 

i 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Connection 

Power 
Ground 

Circuit 

Vee 
GND 

XTAL /AS /DS R//W /RESET 

Machine Timing and 
Instruction Control 

Address or 1/0 
(Nibble Programmable) 

Address/Data or 1/0 
(Byte Programmable) 

Figure 1. Functional Block Diagram 

Device 



~211..C6 Z86C11 
CMOSZB®MCU 

PIN DESCRIPTION 

vcc 40 P36 

XTAL2 2 39 P31 

XTAL1 3 38 P27 

P37 4 37 P26 

P30 5 36 P25 

/RESET 6 35 P24 

R//W 7 34 P23 

IDS 8 33 P22 

/AS 9 32 P21 

P35 10 Z86C11 31 P20 DIP 
GND 11 30 P33 

P32 12 29 P34 

POO 13 28 P17 

P01 14 27 P16 

P02 15 26 P15 

P03 16 25 P14 

P04 17 24 P13 

P05 18 23 P12 

P06 19 22 P11 

P07 20 21 P10 

Figure 2. 40-Pin DIP Pin Assignments 

Table 1. 40-Pin DIP Pin Identification II Pin# Symbol Function Direction Pin # Symbol Function Direction 

1 Vee Power Supply Input 11 GND Ground 
2 XTAL2 Crystal, Oscillator Clock Output 12 P32 Port 3, pin 2 Input 
3 XTAL1 Crystal, Oscillator Clock Input 13-20 POO-P07 Port 0, pins 0 through 7 In/Output 
4 P37 Port 3, pin 7 Output 21-28 P10-P17 Port 1, pins 0 through 7 In/Output 
5 P30 Port3, pin 0 Input 29 P34 Port 3, pin 4 Output 

6 /RESET Reset Input 30 P33 Port 3, pin 3 Input 
7 R/NJ ReadNJrite Output 31-38 P20-P27 Port 2, pins 0 through 7 In/Output 
8 IDS Data Strobe Output 39 P31 Port 3, pin 1 Input 
9 /AS Address Strobe Output 40 P36 Port 3, pin 6 Output 
10 P35 Port 3, pin 5 Output 
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PIN DESCRIPTION (Continued) 

6 5 4 3 2 1 44 43 42 41 40 

/RESET 7 39 

R//W 8 38 

/OS 9 37 

/AS 10 36 

P35 11 35 

GND 12 Z86C11 34 
PLCC 

P32 13 33 

POO 14 32 

P01 15 31 

P02 16 30 

R//RL 17 29 

Figure 3. 44-Pin PLCC Pin Assignments 

Table 2. 44-Pin PLCC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol 

1 Vee Power Supply Input 14-16 POO-P02 
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 P03-P07 
4 P37 Port3, Pin 7 Output 23-27 P10-P14 

5 P30 Port 3, Pin 0 Input 28 N/C 
6 N/C Not Connected Input 29-31 P15-P17 
7 /RESET Reset Input 32 P34 
8 R//W Read/Write Output 33 P33 

9 /DS Data Strobe Output 34-38 P20-P24 
10 /AS Address Strobe Output 39 N/C 
11 P35 Port 3, Pin 5 Output 40-42 P25-P27 
12 GND Ground Input 43 P31 
13 P32 Port 3, Pin 2 Input 44 P36 

4-4 

N/C 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Function 

Port 0, Pins 0, 1, 2 
ROM/ROMless control 
Port 0, Pins 3, 4, 5, 6, 7 
Port 1, Pins 0, 1, 2, 3, 4 

Not Connected 
Port 1, Pins 5,6,7 
Port 3, Pin 4 
Port 3, Pin 3 

Port 2, Pins 0, 1, 2, 3, 4 
Not Connected 
Port 2, Pins 5, 6, 7 
Port 3, Pin 1 
Port 3, Pin 6 

Z86C11 
CMOSZB®MCU 

Direction 

In/Output 
Input 
In/Output 
In/Output 

In/Output 
Output 
Input 

In/Output 

In/Output 
Input 
Output 



Pin # Symbol 

1-5 P03-P07 
6 GND 
7-14 P10-P17 
15 P34 

16 P33 
17-21 P20-P24 
22 GND 
23-25 P25-P27 

26 P31 
27 P36 
28 GND 
29 Vee 
30 XTAL2 

/RESET 

R//W 

IDS 

/AS 

P35 

GND 

P32 

POO 

P01 

P02 

R//RL 

[ II 

r'1 

H 
H , 

33 32 31 

34 

35 

36 

37 

38 

39 

40 

41 

42 

430 
44 

" 
1 2 3 

"' ~ :g 0 
o._ o._ o._ 

r'1 

H 
H 

30 29 28 27 26 25 24 23 

Z86C11 
QFP 

4 5 6 7 8 9 10 11 

H 
H 

L.J 

ig t:; Cl 0 "' "' '<I" z a: a: a: a: a: o._ o._ (!) 

~ 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

_,,, 

J 

GND 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Figure 4. 44-Pin QFP Pin Assignments 

Table 3. 44-Pin QFP Pin Identification 

Function Direction Pin# Symbol Function 

Port 0, Pins 3, 4, 5, 6, 7 In/Output 31 XTAL1 Crystal, Oscillator Clock 
Ground 32 P37 Port 3, Pin 7 
Port 1, Pins 0 through 7 In/Output 33 P30 Port 3, Pin 0 
Port 3, Pin 4 Output 34 /RESET Reset 

Port 3, Pin 3 Input 35 R/NJ ReadNJrite 
Port 2, Pins 0, 1, 2, 3, 4 In/Output 36 IDS Data Strobe 
Ground 37 /AS Address Strobe 
Port 2, Pins 5,6, 7 In/Output 38 P35 Port 3, Pin 5 

Port 3, Pin 1 Input 39 GND Ground 
Port 3, Pin 6 Output 40 P32 Port 3, Pin 2 
Ground Input 41-43 POO-P02 Port 0, Pins 0, 1, 2 
Power Supply Input 44 R//RL ROM/ROMless control 
Crystal, Oscillator Clock Output 

Z86C11 
CMOSZS®MCU 

Direction 

Input 
Output 
Input 
Input 

Output 
Output 
Output 
Output 

Input 
In/Output 
Input 
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PIN FUNCTIONS 

/ROMless (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C91 ROMless Z8. (Note that, when left 
unconnected or pulled High to V cc• the part functions as a 
normal Z86C11 ROM version). This pin is only available on 
the 44-pin versions of the Z86C11. 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high-impedance 
state along with Ports 0 and 1, Data Strobe, and 
Read/Write. 

XTAL 1, XTAL2 Crystal 1, Crystal 2(time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C11 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. On the 
5th clock after the /RESET is detected, an internal RST 

4-6 

Z86C11 
CMOSZS®MCU 

signal is latched and held for an internal register count of 
18. external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of TpC/2. When 
/RESET is deactivated, program execution begins at lo
cation OOOC (HEX). Power-up reset time must be held Low 
for 50 ms, or until V00 is stable, whichever is longer. 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address port for interfacing external memory. 
When used as an 1/0 port, Port O is placed under handshake 
control. In this configuration, Port 3, lines P32 and P35 are 
used as the handshake control /DAVO and RDYO (Data 
available and Ready). Handshake signal assignment is 
dictated by the 1/0 direction of the upper nibble P07-P04. 
The lower nibble must have the same direction as the 
upper nibble to be under handshake control. For the 
ROM less option, Porta comes up as A 15-A8 Address lines 
after /RESET. 

For external memory references, Port 0 can provide ad
dress bit A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port O can be programmed independently as 1/0 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. In ROMless 
mode, after a hardware reset, Port O lines are defined as 
address lines A 15-A8, and extended timing is set to 
accommodate slow memory access. The initialization rou
tine includes reconfiguration to eliminate this extended 
timing mode (Figure 5). 



OEN 

Out 

In 

Z86C11 
MCU 

} 
Handshake Controls 
/DAVO and RDYO 

t-----1~ (P32 and P35) 

TTL Level Shifter 

PAD 

I ---------- AutoLatch 

I I 
I 
I RAf 500k0 I ___________ 1 

Figure 5. Port 0 Configuration 

Z86C11 
CMOSZS®MCU 
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PIN FUNCTION (Continued) 

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad
dress (A7-AO) and Data (07-00) ports. For Z86C11, these 
eight 1/0 lines can be programmed as Input or Output lines 
or can be configured under software control as an address/ 
data port for interfacing external memory. When used as 
an 1/0 port, Port 1 is placed under handshake control. In 
this configuration, Port 3 lines P33 and P34 are used as the 
handshake controls RDY1 and /DAVI. 

Memory locations greaterthan 4096 are referenced through 
Port 1. To interface external memory, Port 1 is programmed 

Z86C11 
MCU 

Z86C11 
CMOSZS®MCU 

for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port 0 must output the 
additional lines. 

Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /OS and R//W, allowing the MCU to share 
common resource in multiprocessor and OMA applica
tions. Data transfers can be controlled by assigning P33 as 
a Bus Acknowledge input, and P34 as a Bus request 
output (Figure 6). 

Port 1 
(1/0 or AD? - ADO ) 

....,..,..____ Handshake Controls 

OEN 

Out 

In 

4-8 

/DAV1 and RDY1 

----- (P33 and P34) 

TTL Level Shifter 

PAD 

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

I I 
I I 
I R~ 500kn I 
L.- - - - - - - - - _1 

Figure 6. Port 1 Configuration 



Z86C11 
CMOSZS®MCU 

Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, TTL compatible port. Each of these eight 1/0 
lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, Port 

2 may be placed under handshake control. In this configu
ration, Port 3 lines P31 and P36 are used as the handshake 
controls lines /DAV2 and RDY2. The handshake signal 
assignment for Port 3 lines P31 and P36 is dictated by the 
direction (input or output) assigned to P27 (Figure 7). 

Open Drain 

OEN 

Out 

In 

Z86C11 
MCU 

Port 2 (1/0) 

} 
Handshake Controls 
/DAV2 and RDY2 

1------1~ (P31 and P36) 

TTL Level Shifter 

I - - - - - - - - - - Auto Latch 

I I 
I I 
I R~ 500kQ ___________ 1 

Figure 7. Port 2 Configuration 
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4'2HJJ6 
PIN FUNCTION (Continued) 

Port 3 (P37-P30). Port 3 is an 8-bit, TTL compatible four
fixed input and four-fixed output port. These eight 1/0 lines 
have four-fixed (P33-P30) input and four fixed (P37-P34) 
output ports. Port 3 pins P30 and P37, when used as serial 
1/0, are programmed as serial in and serial out, respec
tively (Figure 8). 

Z86C11 
MCU 

Z86C11 
CMOSZ811MCU 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0, 1 and 2 
(/DAV and ADY); four external interrupt request signals 
(IRQO-IRQ3); timer input and output signals (T1N and T 0UT), 
and Data Memory Select (/DM). 

Port 3 (1/0) 
(1/0 or Control) 

Figure 8. Port 3 Configuration 

Table 4. Port 3 Pin Assignments 

Pin 1/0 CTC1 Int. POHS P1 HS P2HS UART Ext 

P30 IN IRQ3 Serial In 
P31 IN TIN IRQ2 D/R 
P32 IN IRQO D/R 
P33 IN IRQ1 D/R 

P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT TOUT R/D 
P37 OUT Serial Out 

Notes: 
HS = Handshake Signals 
D = Data Available 
R =Ready 

4-10 



UART Operation. Port 3 lines P30 and P37, can be 
programmed as serial 1/0 lines for full-duplex serial asyn
chronous receiver/transmitter operation. The bit rate is 
controlled by Counter/TimerO. 

The Z86C11 automatically adds a start bit and two stop 
bits to transmitted data (Figure 9). Odd parity is also 
available as an option. Eight data bits are always transmit-

Transmitted Data (No Parity) 

l~l~lwl~lml~l 00 l~l~loolITTI 

T L 

Transmitted Data (With Parity) 

l~l~IPl~lml~l 00 l~l~loolITTI 

Tl._____ -L 

Start Bit 

Eight Data Bits 

Two Stop Bits 

Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

Z86C11 
CMOSZB®MCU 

ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Received Data (No Parity) 

Received Data (With Parity) 

Start Bit 

Eight Data Bits 

One Stop Bit 

Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 9. Serial Data Formats 

Auto-Latch. The Auto-Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This will 
reduce excessive supply current flow in the input buffer 
when it is not been driven by any source. 

Low EMI Option. The Z86C11 is available in a low EMI 
option. This option is mask-programmable, to be selected 
by the customer at the time when the ROM code is 
submitted. Use of this feature results in: 

• Less than 1 mA current consumptions during HALT 
mode. 

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

• Low EMI output drivers have resistance of 200 ohms 
typical. 

• Oscillator divide-by-two circuitry is eliminated. 

• Internal SCLK/TCLK operation is limited to a maximum 
of 4 MHz (250 ns cycle time). 
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FUNCTIONAL DESCRIPTION 

Address Space 

Program Memory. The Z86C11 can address up to 60 
Kbytes of external 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. For ROM mode, 
byte 13 to byte 4095 consists of on-chip ROM. At address 
4096 and greater, the Z86C11 executes external program 
memory fetches. In the ROMless mode, the Z86C11 can 
address up to 64 Kbytes of external program memory. 
Program execution begins at external location OOOC (HEX) 
after a reset. 

65 535 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

096 

095 

4 

4 

12 ~ 

11 

10 

9 

8 

7 

6 

5 

..;--
3 

2 

1 

0 

External 
ROM and RAM 

On-Chip ROM 

- - - - - - - - -
""" IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

I""- IRQ2 

I-""'" IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 10. Program Memory Configuration 
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Data Memory (/OM). The ROM version can address up to 
60 Kbytes of external data memory space beginning at 
location 4096. The ROM less version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /OM, an optional 1/0 function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 11 ). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode references 
PROGRAM (!DM inactive) memory, and an LOE instruction 
references DATA (/DM active Low) memory. 

65535 

4096 

4095 

0 

External 
Data 

Memory 

Not Addressable 

Figure 11. Data Memory Configuration 
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Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C11 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). 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. 

LOCATION 

255 

254 

253 

252 

251 

250 

249 

248 

247 

246 

245 

244 

243 

242 

241 

240 

4 

3 

2 

0 

Note: Register Bank EO-EF can only be accessed through 
working registers and indirect addressing modes. 

IDENTIFIERS 

Stack Pointer (Bits 7-0) SPL 

Stack Pointer (Bits 15-8) SPH 

Register Pointer RP 

Program Control Flags FLAGS 

Interrupt Mask Register IMR 

Interrupt Request Register IRQ 

Interrupt Priority Register IPR 

Ports 0-1 Mode P01M 

Port3 Mode P3M 

Port2 Mode P2M 

TO Prescaler PREO 

Timer/Counter 0 TO 

T1 Prescaler PRE1 

Timer/Counter 1 T1 

Timer Mode TMR 

Serial 1/0 SIO 

General-Purpose 
Registers 

Port3 P3 

Port2 P2 

Port1 P1 

Porto PO 

Figure 12. Register File 
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FUNCTIONAL DESCRIPTION (Continued) 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

Z86C11 
CMOSZB~MCU 

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

FF 

FO -----------

} R15toRO 

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

Register Group 
2F 

20 
1F 

Register Group 1 ~ R15toRO 
10 
OF 

Register Group O R15 to R4 

R3toRO 
r-----------------

1/0 Ports 
00 

Figure 13. Register Pointer 

RAM Protect. The upper portion of the RAM's address 
spaces 80H to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
06 in the IMR register to either a 0 or a 1, respectively. A 
1 in 06 indicates RAM Protect enabled. 

ROM Protect. The first 4 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
dumping of the ROM contents by inhibiting execution of 
LDC, LOCI, LOE, and LDEI instructions to Program Memory 
in all modes. 

4-14 

The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 

Note: With ROM Protect enabled, the Z86C11 cannot 
access the memory space. 

Stack. The Z86C11 has a 16-bit Stack Pointer (R254-
R255) used for external stack that resides anywhere in the 
data memory for the ROM less mode, but only from 4096 to 
65535 in the ROM mode. An 8-bit Stack Pointer (R255) is 
used for the internal stack that resides within the 236 
general-purpose registers (R4-R239). The high byte of the 
Stack Pointer (SPH-Bit 8-15) is used as a general purpose 
register when using internal stack only. 



Counter/Timers. There are two 8-bit programmable 
counter/timers {TO-T1 ), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 14). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to 256) that has been loaded into the counter. When both 
the counters and prescaler reach the end of the 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 

Clock 
Logic 

TIN P31 

Internal 
Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Z86C11 
CMOSZS®MCU 

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 counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that can be retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3 line P36 also serves as a timer output (T ourl throug~1 
which TO, T1 or the internal clock can be output. The 
counter/timers are cascaded by connecting the TO output 
to the input of T1. 

Internal Data Bus 

Write 

TO 
Initial Value 

Register 

8-bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Write 

Internal Data Bus 

Read 

Read 

TO 
Current Value 

Register 

IRQ4 

Serial 1/0 
Clock 

Tout 
P36 

IRQ5 

T1 
Current Value 

Register 

Figure 14. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C11 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follows: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
15). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. 

All Z86C11 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis
ables all of the subsequent interrupts, saves the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved forthat interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86C11 
CMOSZS®MCU 

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. Software initialized interrupts are supported by 
setting the appropriate bit in the Interrupt Request (IRQ) 
register. 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IRQO-IRQ5 

6 

IPR 

Vector Select 

Figure 15. Interrupt Block Diagram 
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Clock. The Z86C11 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max. and series resistance (RS) is 

XTAL1 

C1 ~ 
&:] 

C1~ 

XTAL2 

C2~ C2~ 

Z86C11 
CMOSZB®MCU 

less than or equal to 100 Ohms. The crystal should be 
connected across XT AL 1 and XT AL2 using the recom
mended capacitors (10 pF <CL< 300 pF) from each pin 
to ground (Figure 16). 

XTAL1 

L 

XTAL2 

Ceramic Resonator LC Clock External Clock 
or Crystal 

Figure 16. Oscillator Configuration 

HALT. Will turn off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2 and IRQ3 remains active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 5 µA (typical). The STOP mode is terminated by a 
reset, which causes the processor to restart the applica
tion program at address OOOC (HEX). 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user executes 
a NOP (opcode= OFFH) immediately before the appropri
ate 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 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Description 

Vee Supply Voltage* 
TsrG Storage Temp 
TA Oper Ambient Temp 

Notes: 
• Voltages on all pins with respect to GND. 
t See Ordering Information 

Min 

-0.3 
-65 

STANDARD TEST CONDITIONS 

Max 

+7.0 
+150 

t 

Units 

v 
oc 
oc 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 17). 
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Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

+5V 

2.1 kO 

From Output u----------1t1 __ 
Under Test 

9.1 kO 

Figure 17. Test Load Diagram 
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DC CHARACTERISTICS 

TA= 0°c to 70°C TA = -4D°C to 105°C Typical 
Sym Parameter Min Max Min Max @25°C Units Conditions 

Max Input Voltage 7 7 v 11N 25Q µA 
VCH Clock Input High Voltage 3.8 vcc+0.3 3.8 vcc+0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 -0.03 0.8 v Driven by External Clock Generator 

VIH Input High Voltage 2.0 vcc+0.3 2.0 vcc+0.3 v 
V1L Input Low Voltage -0.3 0.8 -0.3 0.8 v 
VOH Output High Voltage 2.4 2.4 v l0H=-2.0 mA 

VOH Output High Voltage Vcc-100 mV Vcc-100 mV v IOH =-100 µA 
VOL Output Low Voltage 0.4 0.4 v l0L =+5.0 mA 
VRH Reset Input High Voltage 3.8 vcc+0.3 3.8 vcc+0.3 v 

VRI Reset Input Low Voltage -0.3 0.8 -0.03 0.8 v 
l1L Input Leakage -2 2 -2 2 µA VIN= OV, Vee 
IOL Output Leakage -2 2 -2 2 µA VIN= OV, Vee 

llR Reset Input Current -80 -80 µA vRL =av 
Ice Supply Current 30 30 20 mA [1]@ 12 MHz 

35 35 24 mA [1]@ 16 MHz 

ICC1 Standby Current 6.5 6.5 4 mA [1] HALT Mode VIN= OV, vcc@12 MHz 
7.0 7.0 4.5 mA [1] HALT Mode VIN= OV, vcc@16 MHz 

ICC2 Standby Current 10 20 5 µA (1, 2] STOP Mode V1N = OV, Vee 

Notes: 
[1] All inputs driven to either OVor Vw outputs floating. 
[2] 1002 requires loading TMR (F1 H) with any value prior to STOP execution. 

Use this sequence: 
LDTMR,#00 
NOP 
STOP 

II 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Diagram 

R//W 

PortO,/DM 

Port 1 

/AS 

IDS 
(Read) 

Port1 

IDS 
(Write) 

A7-AO D7-DO OUT 

Figure 18. External 110 or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Table 

TA= 0°C to 70°C TA= -4D°C to 1os0 c 
12 MHz 16 MHz 12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 35 25 35 25 ns [2, 3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 35 45 35 ns [2, 3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 250 180 250 180 ns [1, 2, 3] 
4 TwAS /AS Low Width 55 40 55 40 ns [2, 3] 

5 TdAZ(DS} Address Float to /DS Fall 0 0 0 0 ns 
6 TwDSR /DS (Read) Low Width 185 135 185 135 ns [1, 2, 3] 
7 TwDSW IDS (Write) Low Width 110 80 110 80 ns [1, 2, 3] 
8 TdDSR(DR) IDS Fall to Read Data Req'd Valid 130 75 130 75 ns [1, 2, 3] 

9 ThDR(DS) Read Data to /DS Rise Hold Time 0 0 0 0 ns [2, 3] 
10 TdDS(A) /DS Rise to Address Active Delay 65 50 65 50 ns [2, 3] 
11 TdDS(AS) IDS Rise to /AS Fall Delay 45 35 45 35 ns [2, 3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 25 ns [2, 3] 

13 TdDS(R/W) IDS Rise to R//W Not Valid 50 35 50 35 ns [2, 3] 
14 TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 35 25 35 25 ns [2, 3] 
15 TdDS(DW) /DS Rise to Write Data Not Valid Delay 55 35 55 35 ns [2, 3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 310 230 310 230 ns [1, 2, 3] 

17 TdAS(DS) /AS Rise to /DS Fall Delay 65 45 65 45 ns [2, 3] 
18 TdDl(DS) Data Input Setup to /DS Rise 75 60 75 60 ns [1, 2, 3] 
19 TdDM(AS) /DM Valid to /AS Rise Delay 50 30 50 30 ns [2, 3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
(3] See clock cycle dependent characteristics table. 
Standard Test Load Number Symbol Equation 
All timing references use 2.0V for a logic 1 and O.BV for a logic 0. 

1 TdA(AS) 0.40TpC + 0.32 
2 TdAS(A) 0.59TpC - 3.25 

II 3 TdAS(DR) 2.38TpC + 6.14 
4 TwAS 0.66TpC - 1.65 

6 TwDSR 2.33TpC - 10.56 
7 TwDSW 1.27TpC + 1.67 
8 TdDSR(DR) 1.97TpC - 42.5 
10 TdDS(A) 0.8TpC 

11 TdDS(AS) 0.59TpC - 3.14 
12 TdR/W(AS) 0.4TpC 
13 TdDS(R/W) 0.8TpC-15 
14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) 0.88TpC-19 
16 TdA(DR) 4TpC-20 
17 TdAS(DS) 0.91TpC-10.7 
18 TsDl(DS) 0.8TpC-10 
19 TdDM(AS) 0.9TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

\_ 

\_ 

Figure 19. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

TA= 0°c to 70°C 
12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max 

1 TpC Input Clock Period 83 1000 62.5 1000 
2 TrC,TfC Clock Input Rise & Fall Times 15 10 
3 TwC Input Clock Width 35 25 
4 TwTinL Timer Input Low Width 75 75 

5 TwTinH Timer Input High Width 3TpC 3TpC 
6 TpTin Timer Input Period 8TpC 8TpC 
7 TrTin,TITin Timer Input Rise & Fall Times 100 100 

BA TwlL Interrupt Request Input Low Times 70 70 
88 TwlL Interrupt Request Input Low Times 3TpC 3TpC 
9 TwlH Interrupt Request Input High Times 3TpC 3TpC 

Notes: 
[1] Clock timing references use 3.BV for a logic 1 and O.BV for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and O.BV for a logic 0. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31) 
[5] Interrupt request through Port 30. 
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TA= -40°& to 105°& 
12 MHz 16 MHz 

Min Max Min Max 

83 1000 62.5 1000 
15 10 

35 25 
75 75 

3TpC 3TpC 
8TpC 8TpC 
100 100 

70 50 
3TpC 3TpC 
3TpC 3TpC 

Z86C11 
CMOSZ8"'MCU 

Units Notes 

ns [1) 
ns [1) 
ns [1) 
ns [2) 

[2) 
[2) 

ns [2) 

ns [2, 41 
[2,5] 
(2,3) 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

RDY 
(Output) 

Data Out 

/DAV 
(Output) 

RDY 
(Input) 

Data In Valid 
--f ······················································ 

Next Data In Valid 

---f ······················································ 

Delayed DAV : 
1-.. •••••.••••••.••••••.... ,f ............... / 

. 
·-----·--····················.# 

Figure 20. Input Handshake Timing 

1---------~-------------
Data Out Valid Next Data Out Valid 

I'-------------------------------------------~~-------------

\ Delayed DAV 

Figure 21. Output Handshake Timing 

AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°c to 70°C TA= -40°C to 105°C 
12 MHz 16 MHz 12 MHz 16 MHz Data 

No Symbol Parameter Min Max Min Max Min Max Min Max Direction 

1 TsDl(DAV) Data In Setup Ti me 0 0 0 0 In 
2 ThDl(DAV) Data In Hold Time 145 145 145 145 In 
3 TwDAV Data Available Width 110 110 110 110 In 
4 TdDAVl(RDY) DAV Fall to ROY Fall Delay 115 115 115 115 In 

5 TdDAVld(RDY) DAV Rise to ROY Rise Delay 115 115 115 115 In 
6 TdDO(DAV) ROY Rise to DAV Fall Delay 0 0 0 0 In 
7 TcLDAVO(RDY) Data Out to DAV Fall Delay TpC TpC TpC TpC Out 
8 TcLDAVO(RDY) DAV Fall to ROY Fall Delay 0 0 0 0 Out 

9 TdRDYO(DAV) ROY Fall to DAV Rise Delay 115 115 115 115 Out 
10 TwRDY ROY Width 110 110 110 110 Out 
11 TdRDYOd(DAV) ROY Rise to DAV Fall Delay 115 115 115 115 Out 
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ZS CONTROL REGISTER DIAGRAMS 

R240 SIO 

R241 TMR 

R242T1 
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Serial Data (DO = LSB) 

Figure 22. Serial 1/0 Register 
(FOH: Read/Write) 

No Function 
Load TO 

Disable TO Count 
Enable TO Count 

No Function 
LoadT1 

Disable T1 Count 
Enable T1 Count 

TIN Modes 
oo External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
00 Not Used 
01 TOOut 
10 Tl Out 
11 Internal Clock Out 

Figure 23. Timer Mode Register 
(F1 H: Read/Write) 

Tl Initial Value 
(When Written) 
(Range: 1·256 Decimal 
01-00 HEX) 

Tl Currant Value 
(When Read) 

Figure 24. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243 PRE! 

R244 TO 

R245 PREO 

Count Mode 

Z86C11 
CMOSZS®MCU 

0 Tl Single Pass 
1 Tl Modulo N 

Clock Source 
1 T1 Internal 
O Tl External Timing Input 

(TIN) Mode 

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

Figure 25. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(Whan Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 

Figure 26. Counter/Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
0 TO Single Pass 
1 TO Modulo-n 

Reserved (Must be 0.) 

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

Figure 27. Prescaler 0 Register 
(FSH: Write Only) 



R246 P2M 

R247 P3M 

P2o • P27 1/0 Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 

Figure 28. Port 2 Mode Register 
(F6H: Write Only) 

0 Port 2 Open Drain 
1 Port 2 Push-pull 

Reserved (Must be 0.) 

0 P32 =Input 
P35=0utput 
P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34=0Utput 

01 } P33 = Input 
10 P34=/DM 
11 P33 = /DAV1/RDY1 

P34 = RDY1//DAV1 

0 P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

a P30 =Input 
P37=0utput 
P30 = Serial In 
P37 = Serial Out 

a Parity Off 
1 Parity On 

Figure 29. Port 3 Mode Register 
(F7H: Write Only) 

Z86C11 
CMOSZB®MCU 

R248 P01M 

R249 IPR 

--r-

Pao • Pao Mode 
00 Output 
01 Input 
1X An·/>JJ 

Stack Selection 
0 External 
1 Internal 

P17 • P1o Mode 
DO Byte Output 
01 Byte Input 
10 AD7·ADo 
11 High-Impedance AD7 • DAu, 

/AS, /OS, /R//W, An· />Ji, 
A15· A12, If Selected 

External Memory Timing 
0 Normal 
1 Extended 

P07 • P04 Mode 
00 Output 
01 Input 
1X A1s·A12 

Figure 30. Port o and 1 Mode Register 
(FSH: Write Only) 

L l Interrupt Group Priority 
Reserved = ooo 
C>A> B=001 
A>B>C =010 
A>C> B=011 
B>C >A= 100 
C>B>A= 101 
B>A>C= 110 
Reserved = 111 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 IRQ4>1RQ1 

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

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5>1RQ3 
1 IRQ3>1RQ5 

Reserved (Must be 0.) 

Figure 31. Interrupt Priority Register 
(F9H: Write Only) 
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Z86C11 
CMOSZS®MCU 

ZS CONTROL REGISTER DIAGRAMS (Continued) 

R250 IRQ 

4-26 

IRQO = P32 Input (DO= IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 =TO Serial Output 
IR05=T1 

Reserved 

Figure 32. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

lmloolool~lool~lmlool 

11.____ - 1 Enables IRQ5-IRQO 
(Do= IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

Figure 33. Interrupt Mask Register 
(FBH: Read/Write) 

R252 FLAGS 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 34. Flag Register 
(FCH: Read/Write) 

R253 RP 

lmloolool~l 00 l~lmlool 

I II.____ I -
0 Reserved 

r4} rs Register Pointer 

r6 

r7 

R254SPH 

R255 SPL 

Figure 35. Register Pointer Register 
(FDH: Read/Write) 

Stack Pointer Upper 
Byte (SP1s - SPa) 

Figure 36. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SPo) 

Figure 37. Stack Pointer Register 
(FFH: Read/Write) 



INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

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

Z86C11 
CMOSZS®MCU 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

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

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

ZS6C11 
CMOSZS®MCU 

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

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src OR I 1110 I dst/src I 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src src/dst 
LDC, LOCI 

dst/src OPC LD 

OR I 1110 I src 

dst OPC LD 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst f- dst + src 

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

OPC l MODE ADC, ADD, AND, CP, 

src OR 111 0 src LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC I MODE ADC, ADD, AND, CP, 

dst ORI 111a1 dst 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE I OPC LD 

src OR 111 0 src 

dst OR 111 0 dst 

MODE l OPC LD 

dst/src l x 

ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 
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INSTRUCTION SUMMARY 

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

ADC dst, src t 1 [ l ****O* INCdst rE - * * * - -
dst +-dst + src +C dst+...dst + 1 r=O-F 

R 20 
ADDdst, src t 0[ l ****o* IR 21 
dst+...dst + src 

INCWdst RR AO - * * * - -
ANDdst,src t 5[ l - * * 0 dst+...dst + 1 IR A1 
dst+...dst AND src 

IRET BF ****** CALLdst DA D6 - - - - - - FLAGS+...@SP; 
SP+-SP-2 IRR D4 SP+-SP + 1 
@SP+...PC, PC+...@SP; 
PC+...dst SP+...SP+2; 

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

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

dst+-0 IR B1 PC+...dst IRR 30 

COM dst R 60 - * * 0 JR cc, dst RA cB - - - - - -
dst+...NOT dst IR 61 if cc is true, C=O-F 

PC+...PC +dst 
CP dst, src t A[ l * * * * Range:+ 127, 
dst-src -128 

DAdst R 40 * * * x LD dst, src Im re - - - - - -
dst+-DA dst IR 41 dst+...src r R rB 

R r r9 
DECdst R 00 - * * * - - r=O-F 
dst+...dst-1 IR 01 r x Cl 
DECWdst RR 80 - * * * - - x r D? 

dst+...dst-1 IR 81 r Ir E3 
Ir r F3 

DI BF - - - - - - R R E4 
IMR(7)+-0 R IR E5 

R IM E6 
DJNZr, dst RA rA - - - - - - IR IM E? 
r+-r-1 r=O-F IR R F5 
if r;1oO 
PC+...PC +dst LDC dst, src Irr C2 - - - - - -
Range: + 127, dst+...src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dst+...src 
IMR(7)+-1 r+-r+ 1; 

HALT ?F 
rr+...rr+ 1 

- - - - - -
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CMOSZB®MCll 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s v D H and Operation dst src (Hex) c z s v D H 

NOP FF STOP 6F - - - - -

OR dst, src t 4[ J - * * 0 SUB dst, src t 2[ l 
dSlf-dSI OR src dS!f-dS!f-Src 

POP dst R 50 - - - - - - SWAP dst R FO x * * x - -
dSlf-@SP; IR 51 

I'~ 
IR F1 

SPf-SP + 1 
o I 

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

RCF CF 0 - -
AND src - - -

Cf-0 TM dst, src t 7[ l - * * 0 

RET AF - - -
dst AND src 

- - -
PCf-@SP; XOR dst, src t B[ l - * * 0 - -
SPf-SP +2 dSlf-dSt 

RL dst R 90 
XOR src 

* * * * - -

~ 
IR 91 t These instructions have an identical set of addressing modes, which 

are encoded for brevity. The first opcode nibble is found in the instruction 

RLC dst R 10 ****-- set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

~ 
IR 11 applicable addressing mode pair. 

RR dst R EO 
For example, the opcode of an ADC instruction using the addressing 

****-- modes r (destination) and Ir (source) is 13. 

L.m~ 
IR E1 

Address Mode Lower 

RRC dst R co * * * * - - dst src Opcode Nibble 

~ 
IR C1 

[2] 

SBC dst, src t 3[ l * * * * 1 * Ir [3] II dst f-dS! f-SrCf-C 
R R [4] 

SCF DF - - - - -
Cf-1 R IR [5] 

SRAdst R DO * * * 0 - -
IR D1 R IM [6] 

~ JR IM [7] 

SRP dst Im 31 - - - - - -
RPf-src 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
IRR1 
8.5 

4 DA 
R1 

10.5 
5 POP 

R1 
6.5 

6 COM 
'H' 
GI 

R1 

;:. 10/12.1 
PUSH 

R2 ~ 
7 

J:I z 10.5 
DECW 

RR1 I 8 

::I 6.5 
9 RL 

R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 
R1 
6.5 

c RRC 
R1 
6.5 

D SRA 
R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

4-32 
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6.5 6.5 
DEC ADD 
IR1 r1, r2 

6.5 6.5 
RLC ADC 
IR1 r1, r2 

6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP SBC 

IM r1, r2 

8.5 6.5 
DA OR 
IR1 r1, r2 

10.5 6.5 
POP AND 
IR1 r1, r2 

6.5 6.5 
COM TCM 

IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 

10.5 12.0 
DECW LOE 

IR1 r1, lrr2 

6.5 12.0 
RL LOE 
IR1 r2, lrr1 

10.5 6.5 
INCW CP 

IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 

6.5 12.0 
RRC LDC 
IR1 r1, lrr2 

6.5 12.0 
SRA LDC 
IR1 r2, lrr1 

6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 

6.5 10.5 
SBC SBC 
r1, lr2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2,R1 

6.5 10.5 
AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2,R1 

18.0 
LDEI 

lr1, lrr2 

18.0 
LDEI 

lr2, lrr1 

6.5 10.5 
CP CP 

r1, lr2 R2,R1 

6.5 10.5 
XOR XOR 
r1, lr2 R2,R1 

18.0 
LOCI 

lr1, lrr2 

18.0 20.0 
LOCI CALL* 

lr2, lrr1 IRR1 

6.5 10.5 
LO LO 

r1, IR2 R2, R1 

6.5 
LO 

lr1, r2 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LO 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2,R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2,R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LO 

r1,x,R2 

20.0 10.5 
CALL LO 

DA r2,x,R1 

10.5 10.5 10.5 
LD LO LO 

IR2, R1 R1, IM IR1, IM 
10.5 
LO 

' R2, IR1 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LO 
r1,RA cc RA r1,IM 

r r 

Legend: 
R = 8-bit address 
r = 4-bit address 

r 

R 1 or r2 =Ost address 
R 1 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

cc, DA 

r 

Note: Blank areas not defined. 

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

Z86C11 
CMOSZB®MCU 

E F 

6.5 
INC 
r1 

1---

1---

t---

t---

t---

i---ao 
STOP 

i--r.o-
HALT 

~ 
DI 

~ 
El 

~ 
RET 

i--w.o 
IRET 

f--s:5 
RCF 

f--s:5 
SCF 

f--s:5 
CCF 

re.a 
NOP 



PACKAGING INFORMATION 

El 

40-Pin DIP Package Diagram 

'-----D----1 

I 

+ 

39 

El E 

17~W 
18 28 

NOTES• 
!. CONTROLLING DIMENSIONS • INCH 
2. LEADS ARE COPLANAR 'WITHIN .004 IN. 
3. DIMENSION • .JllL 

INCH 

A 

~ 
~ 
.048/.042 

SYMBOL 

A 

Al 

DIE 

Dl/El 

D2 

El 

SYMBOL 
MILLIH(TER INCH 

MIN MAX MIN MAX 
Al O.Sl 0.81 .020 .032 
A2 J.25 3,43 .128 .!JS 
B 0.38 0.53 .015 .021 

Bl 1.02 1.52 .040 .060 

c o.t>J 0.38 .009 .OlS 

D 52.07 52.S8 2DSO 2.070 
[ 1:5.2• 15.75 .600 .620 
El JJ.59 14.22 .535 .560 

11!1 2.54 TYP .100 rYP 

eA 15.49 16.51 .610 .650 

L 3.18 3.81 .125 .ISO 

•QI 1.52 1.91 .060 .075 
s 1.52 2.29 .060 .090 

CONTROLLING DIMENSIONS 1 INCH 

Al 

~ 
.026/.020 

_[II 

t 
_[~ D2 

t 
~ 

R~ 
.045/.025 

MILLIMETE'R 

MIN MAX 

4.27 4.57 

2.67 2.92 

17.40 17.65 

16.51 16.66 

15.24 16.00 

1.27 TYP 

INCH 

MIN MAX 

.168 .180 

.105 .us 

.685 .695 

.650 .656 

.600 .630 

.050 TYP 

44-Pin PLCC Package Diagram 

Z86C11 
CMOSZB®MCU 
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PACKAGING INFORMATION 

.. 
----D-----. 

33 

i 
i 
i 
! 
I ·-·-·-·-·-i-·-·-·-·-· 

22 

E 

i 
i 
i 
! 

··~~:;:F;:;:::;:;;:::;:;::;:;::;:i;::;:;:::;:;::;;::;n=r;:!C==::.::.--l 

b Iii 

NOTES• 
1. CONTRDLLING DIMENSIONS 1 MILLIMETER 
2. LEAD COPLANAR ITV I MAX JD. mm 

.004" 

HE 

SYMBOL 
MILLIMETER 

MIN MAX 

Al 0.05 0.25 

A2 2.00: 2.25 

b 0.25. 0.4S 

c 0.13 0.20 

HD 13.70 14.30 

D 9,90 10.10 

HE 13.70 14.30 

E 9.90 lo.JO 

ltJ... 0.80 TYP 

L . 0.60 1.20 

44-Pin QFP Package Diagram 
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Al 

.c 

o·-12· 

INCH 

MIN 

.002 

.078 

.010 

.005 

.539 

.390 

.539 

.390 

MAX 

.010 

.089 

.018 

.ooa 

.563 

.398 

.563 

.398 

.031 TYP 

.024 .047 

L 

Z86C11 
CMOSZB®MCU 



ORDERING INFORMATION 

Z86C11 

12MHz 
40-pin DIP 
Z86C1112PSC 
Z86C1112PEC 

16MHz 
40-pin DIP 
Z86C1116PSC 

44-pin PLCC 
Z86C1112VSC 
Z86C 1112VEC 

44-pin PLCC 
Z86C1116VSC 

44-pin QFP 
Z86C1112FSC 
Z86C 1112FEC 

44-pin QFP 
Z86C 1116FSC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 

Temperature 
S = 0°c to + ?0°C 
E = -40°C to 105°C 

Speed 
12 = 12 MHz 
16 = 16 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86C11 12 P S C 

~ 
is a Z86C11, 12 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C11 
CMOSZB®MCU 
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Introduction 

Z86C07 ZB® CMOS 
B·Bit Microcontroller 

ZB&COB ZB® CMOS 
B·Bit Microcontroller 

ZB&EOB ZB® CMOS B·Bit 
OTP Microcontroller 

Z86C11 ZB® CMOS 
Microcontroller 

Z86C12 ZB® CMOS 
In-Circuit Emulator MCU 

Z86C21 ZB® CMOS 
BK ROM Microcontroller 

II 





FEATURES 

• 8-b1t CMOS M1crocontro1ier Emuiator 

• 84-Pin PGA Package 

• 4.5 to 5.5 Volt Operating Range 

• Low Power Consumption - 275 mW (max) 

• Average Instruction Execution Time of 1 µs 

• Fast Instruction Pointer - 0.6 µs@ 16 MHz 

• Two Standby Modes - STOP and HALT 

• 32 Input/Output Lines 

• Full-Duplex UART 

GENERAL DESCRIPTION 

The Z86C12 architecture is characterized by Zilog's 8-bit 
microcontroller core. The device offers fast execution, 
more efficient use of memory, more sophisticated inter
rupts, input/output bit manipulation capabilities, easy hard
ware/software system expansion, a flexible 110 scheme, 
an efficient register and address space structure, multi
plexed capabilities between address/data, and a number 
of ancillary features that are useful in many industrial and 
advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the Z86C12 provides 32 pins dedicated to input and 
output. These lines are grouped into four ports. Each port 
consists of eight lines and is configurable under software 
control to provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 

PRODUCT SPECIFICATION 

Z86C12 
ZB® CMOS 
IN-CIRCUIT EMULATOR 

• All Digital Inputs are TTL Levels 

• Six Memory Emulation Modes 

• 256 Bytes of RAM 

• Two Programmable 8-Bit Counter(rimers Each with 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupt from Eight Different 
Sources 

• Clock Speed 16 MHz 

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

There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 General Purpose Registers. 

To unburden the program from coping with real-time tasks 
such as counting/timing and serial data communication, 
the Z86C12 offers two on-chip counter/timers with a large 
number of user selectable modes, and a universal asyn
chronous receiver/transmitter (Figure 1. Functional Block 
Diagram). 

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

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit Device 
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GENERAL DESCRIPTION (Continued) 

The Z86C12 In-Circuit Emulator development device al· 
lows users to prototype a system with an actual hardware 
device and to develop the code. This code is eventually 
mask-programmed into the on-chip ROM for most of the 
Z86CXX devices. Development devices are also useful in 
emulator applications where the final system configura
tion, memory configuration, 1/0, interrupt inputs, etc., are 
unknown. The Z86C12 development device is identical to 
its equivalent Z86C21 microcontroller with the following 
exceptions: 

Output Input 

UART 

Counter/ 
Timers (2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

Vee GND 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Address or 1/0 
(Nibble Programmable) 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

• No internal ROM is provided, so that code is developed 
in off-chip memory. Five size inputs configure the 
memory boundaries. 

• The normally internal ROM address and data lines are 
buffered and brought out to external pins to interface 
with the external memory. 

• Control lines (/MAS and /DAS) are added to interface 
with external program memory. 

• The Timing and Control, 1/0 ports, and clock pins on 
the Z86C12 are identical in function to those on the 
Z86C21. 

XTAL /AS IDS RINI /RESET 

Machine Timing 
and 

Instruction Control 

1-------t--- /SIZEO 

ICE Control 
Block 

Program 
Counter 

/SIZE1 
/SIZE2 
/SIZE3 
SIZE4 
/IACK 
/MAS 
/MDS 
/SYNC 
SCLK 

Program 
Buffer Memory 

Address/Data or 1/0 
(Byte Programmable) 

Data 
Bus 

Figure 1. Functional Block Diagram 
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PIN DESCRIPTION 

Timing 
and 

Control 

PORTO 
(Nibble 

Programmable 
1/0 or A15-AB 

PORT1 
(Byte 

Programmable 
l/Oor 

AD7-ADO) 

Program 
Memory Data 

Inputs 

ROM Size 
Inputs 

Status and 
Memory Control 

Xtal1 
Xtal2 

P20 

P21 
P03 P22 
P04 P23 
P05 P24 
P06 P25 
P07 P26 
P10 P27 
P11 P30 
P12 P31 
P13 P32 
P14 P33 
P15 P34 
P16 P35 
P17 P36 
DO Z86C12 P37 
01 AO 
02 A1 
03 A2 
04 A3 
05 A4 
06 A5 
07 A6 
/SIZEO A7 
/SIZE1 AB 
/SIZE2 A9 
/SIZE3 A10 
SIZE4 A11 
/IACK A12 
/MAS A13 
/MOS A14 
/SYNC A15 
SCLK vcc 
GND VCC1 
GND1 VCC2 

GND2 
GND3 

Figure 2. Z86C12 Pin Functions 

PORT2 
(Bit Programmable) 

PORT3 
Serial and Parallel 
1/0 Control 

Program 
Memory 
Address 
Outputs 

} Power 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 
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~2H.Ll6 
Z86C12 ZS® CMOS 

IN-CIRCUIT EMULATOR 

PIN DESCRIPTION (Continued) 

A O©©©©©©©©O 
B ©©©©©©©©©© 
c ©©©©©©©©©© 
D ©©© ©©© 
E ©©© ©©© 
F ©©© ©©© 
G ©©© ©©© 
H ©©©©©©©©©© 
J ©©©©©©©©©© 
K O©©©©©©©©O 

10987654321 

Figure 3. 84-Pin PGA Pin Configuration 

Table 1. 84-Pin PGA Pin Assignments 

Name Pin Name Pin Name Pin Name Pin 

/AS 82 AS K6 P02 02 P27 C7 
/OS C4 A6 J6 P03 01 P30 84 
/MAS E1 A7 KB P04 E3 P31 87 
/MOS G3 AB JS POS G1 P32 C2 

/RESET 83 A9 K4 P06 H1 P33 09 
/SIZED A3 DO H3 P07 J1 P34 E10 
/SIZE1 cs 01 K2 P10 GB P35 81 
/SIZE2 A6 02 J3 P11 G9 P36 A7 

/SIZE3 C6 03 K3 P12 G10 P37 AS 
/SYNC F1 04 HS P13 FB RIMI A1 
AO J9 OS J10 P14 010 SCLK G2 
A1 H7 06 H9 P1S C10 SIZE4 F10 

A10 J4 07 H10 P16 810 Vee A4 
A11 H4 /IACK F2 P17 E9 vee1 86 
A12 K9 N/C J2 P20 C9 vee2 F9 
A13 K7 N/C C3 P21 A10 GND F3 

A14 KS N/C DB P22 89 GND1 E2 
A15 HS N/C H2 P23 CB GND2 H6 
A2 K10 N/C K1 P24 A9 GND3 EB 
A3 JS POD C1 P25 BB XTAL1 BS 
A4 J7 P01 03 P26 AB XTAL2 A2 

5-4 



PIN FUNCTIONS 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /OS. For 
WRITE operations, the falling edge of /OS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external program. Program or data 
memory address transfers are valid at the trailing edge of 
/AS. Under program control, /AS can be placed in the high
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 

XTAL 1, XT AL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read/Write signal is Low 
when the Z86C12 is writing to external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C12 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset will occur. On 
the fifth clock after the /RESET is detected, an internal 
RESET signal is latched and held for an internal register 
count of 18 external clocks, or for the duration of the 
external /RESET, whichever is longer. During the reset 
cycle, /OS is held active Low while /AS cycles at a rate of 
TpC/2. When /RESET is deactivated, program execution 
begins at location OOOC (HEX). Reset time is held Low for 
50 ms, or until Vee is stable, whichever is longer. 

07-00 Data Bus (inputs, TTL compatible). These eight 
lines provide the input data bus to access external memory, 
which is emulating the on-chip ROM. During read cycles in 
the internal memory space the data on these lines is 
latched in just prior to the rise of the /MOS data strobe. 

A15-AOAddressBus(outputsTTLcompatible). DuringT1 
these lines output the current memory address. All ad
dresses, whether internal or external, are output. 

/MAS Memory Address Strobe (output, TTL compatible). 
This line is active during everyT1 cycle. The rising edge of 
this signal is used to latch the current memory address on 

Z86C12 ZS® CMOS 
IN.CIRCUIT EMULATOR 

the lines A 15-AO. This line is alwaysvalid. ltis nottri-stated 
when /AS is tri-stated. 

/MOS Memory Data Strobe (output, TTL compatible). This 
is a timing signal used to enable the external memory to 
emulate the on-chip ROM. It is active only during accesses 
to the on-chip ROM memory space as selected by the 
configuration of the SIZEn pins. 

/SCLK System Clock(output, TTL compatible). This line is 
the internal systern clock. 

/SYNC Sync Signal(output, TTL compatible). This signal 
indicates the last clock cycle of the currently executing 
instruction. 

/IACK Interrupt Acknowledge (output, TTL compatible). 
This output, when Low, indicates that the Z86C12 is an 
interrupt cycle. 

/SIZED, /SIZE1, /SIZE2, /SIZE3, /SIZE4 (Inputs, TTL com
patible). The SIZEn lines control the emulation mode of the 
Z86C12. The functions are defined as shown in Table 2. 
The Z86C 12 need not be RESET when the state of these 
lines is changed. 

Table 2. Memory Size Configuration 

/SIZE4 /SIZE3 /SIZE2 /SIZE1 /SIZEO Memory 

0 1 1 ROM less 
0 1 0 2KROM 
0 0 1 4KROM 

0 1 0 8KROM 
0 0 1 16K ROM 
1 1 1 32K ROM 

Note: The SIZE pins can be configured to make the 
memory control signals (/MAS, /MOS, R//W, /AS, and /OS) 
look liketheZ86C91 ROMless device. However, on power
up or reset, Ports 0 and 1 are configured as inputs, rather 
than A 15-A8 and AD7-ADO, respectively. This means that 
if ROMless mode is desired, the device is powered up in 
ROM mode, and executes a few instructions through the 
Z86C12 address/data ports. These instructions reconfigure 
the ports as required, and then the SIZE inputs can be set 
to ROMless mode - but without a RESET. 
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PIN FUNCTIONS (Continued) 

1/0 Ports 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TIL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address port for interfacing external memory. 
When used as an 1/0 port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. For the ROM less option, Port 0 appears as A 15-A8 
Address lines after reset. 

OEN 

OUT 

IN 

Z86C12 
ICE 

TTL Level Shifter 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

For external memory references, Port 0 provides apdress 
bit A 11-A8 (lower nibble) or A 15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port 0 can be programmed independently as 1/0, while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for 1/0 operation, they must be configured by 
writing to the Porto Mode register. In ROMless mode, after 
a hardware reset, Port 0 lines are defined as address lines 
A 15-A8, and extended timing is set to accommodate slow 
memory access. The initialization routine can include 
reconfiguration to eliminate this extended timing mode 
(Figure 4). 

}
Porto 
(1/0) 

Handshake Controls 
/DAVO and RDYO 
{P32 and P35) 

PAD 

Figure 4. Port 0 Configuration 
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Port 1 (P1O-P17). Port 1 is an 8-bit, byte programmable, 
bidirectional, TIL compatible port. It has multiplexed Ad
dress (A7-AO) and Data (07-00) ports. For the Z86C12, 
these eight 1/0 lines can be programmed as Input or 
Output lines or the port can be configured, under software 
control, as an address/data port for interfacing external 
memory. When used as an 1/0 port, Port 1 can be placed 
under handshake control. In this configuration, Port 3 lines 
P33 and P34 are used as the handshake controls RDY1 
and /DAV1, respectively. 

Memory locations greaterthan 8192 are referenced through 
Port 1. To interface external memory, Port 1 is programmed 

Z86C12 
ICE 

Z86C12 ZS®CMOS 
IN-CIRCUIT EMU LA TOR 

for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port 0 outputs the addi
tional lines. 

Port 1 can be placed in the high-impedance state along 
with Port 0, /AS, /OS and R//W, allowing the Z86C12 to 
share common resource in multiprocessor and OMA appli
cations. Data transfers can be controlled by assigning P33 
as a Bus Acknowledge input, and P34 as a Bus Request 
output (Figure 5). 

Port 1 
(1/0 or AD? -ADO) 

.... Handshake Controls 
/DAV1 and RDY1 

1------11~ (P33 and P34) 

OEN ------1 

PAD 

OUT ---------------1 
TTL Level Shifter 

IN -----<.a!----------------' 

Figure 5. Port 1 Configuration 
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PIN FUNCTIONS (Continued) 

Port 2 (P20-P27). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, Port 
2 may be placed under handshake control. In this configu-

Z86C12 
ICE 

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

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

ration, Port3 lines P31 and P36 are used as the handshake 
control lines /DAV2 and RDY2. The handshake signal 
assignment for Port 3 lines, P31 and P36, is dictated by 
the direction (input or output) assigned to P27 
(Figure 6). 

Port2 (1/0) 

Handshake Controls 
/DAV2 and RDY2 
(P31 and P36) 

PAD 

OUT -------------1 
TTL Level Shifter 

IN ----r::.LT1-----------------

Figure 6. Port 2 Configuration 
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Port 3 (P30-P37). Port 3 is an 8-bit, CMOS compatible four 
fixed input and four fixed output port. These eight 1/0 lines 
have four-fixed (P30-P33) input and four fixed (P34-P37) 

Z86C12 
ICE 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

output ports. Port 3, when used as serial 1/0, is 
programmed as serial in and serial out, respectively 
(Figure 7 and Table 3). 

Port3 
(1/0 or Control) 

Figure 7. Port 3 Configuration 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0 and 2 
(/DAV and ADY); four external interrupt request signals 

(IRQO-IRQ3); timer input and output signals (T1N and Tour); 
Data Memory Select (/DM). 

Table 3. Port 3 Pin Assignments 

Pin 

P30 
P31 
P32 
P33 

P34 
P35 
P36 
P37 

Notes: 

1/0 

IN 
IN 
IN 
IN 

OUT 
OUT 
OUT 
OUT 

HS = Handshake Signals 
D = Data Available 
R =Ready 

CTC1 Int. POHS 

IRQ3 
IRQ2 
IRQO D/R 
IRQ1 

R/D 

P1 HS P2HS UART Ext 

Serial In 
D/R 

D/R 

R/D DM 

R/D 
Serial Out 
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PIN FUNCTIONS (Continued) 

Port 3 lines P30 and P37, can be programmed as serial 
1/0 lines for full-duplex serial asynchronous receiver/trans
mitter operation. The bit rate is controlled by Counter/ 
TimerO. 

The Z86C12 automatically adds a start bit and two stop bits 
to transmitted data (Figure 8). Odd parity is also available 
as an option. Eight data bits are always transmitted, 

Transmitted Data (No Parity) 

T L StartBit 

Transmitted Data (With Parity) 

I SP I SP I P I De I Ds I D4 I D3 I D2 I D1 I Do I ST I 

Eight Data Bits 

Two Stop Bits 

TI L startBit 

......_ ____ SevenDataBits 

- - OddParity 

Two Stop Bits 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Received Data (No Parity) 

l~lwlool~l~l 00 l~l~loolITTI 
L 

Received Data (With Parity) 

Start Bit 

Eight Data Bits 

One Stop Bit 

Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 8. Serial Data Formats 
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PROGRAMMING 

Address Space 

Program Memory. The Z86C12 can address up to 64 
Kbytes of external program memory (Figure 9). The first 12 
bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. The five SIZEn 
inputs dictate the amount of ROM being emulated, and for 
an SK ROM the input is '01011 '. Respectively, OOOC to 
8191 is the memory map for the emu lated ROM, and 8192 
to 65535 is the remaining program memory ior which the 
Z86C12 executes external memory fetches. 

65 535 

t s ize t - -
Location of 

First Byte of 
Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

~ ~-
11 

10 

9 

8 

7 

6 

5~ ~ 

.-.!-1 ~ 
3 

2 

1 

0 

External 
ROM or RAM 

- - - - - - -
Emulation 

ROM or RAM 

- - - - - - -

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 9. Program Memory Configuration 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

Data Memory (/OM). External data memory is included 
with, or separated from, the external program memory 
space. /OM, an optional 1/0 function that can be pro
grammed to appear on P34, is used to distinguish between 
data and program memory space (Figure 10). The state of 
the /OM signal is controlled by the type instruction being 
executed. An LDC opcode references PROGRAM (/OM 
inactive) memory, and an LOE instruction references DAT A 
(IDM active Low) memory. The lower unaddressable part 
of the data memory is in fact addressable with the Z86C12 
/MOS line (as /OS is not active for internal ROM reads), but 
there should be no need for this. 

65535 

. t 
Size+ 

0 

External 
Data 

Memory 

Not Addressable 

Figure 10. Data Memory Configuration 
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PROGRAMMING (Continued) 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 11 ). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C12 also allows short 4-bit register 

addressing using the Register Pointer (Figure 12). 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. 

LOCATION 

255 Stack Pointer (Bits 7-0) 

254 Stack Pointer (Bits 15·8) 

253 Register Pointer 

252 Program Control Flags 

251 Interrupt Mask Register 

250 Interrupt Request Register 

249 Interrupt Priority Register 

248 Ports 0-1 Mode 

247 Port 3 Mode 

246 Port 2 Mode 

245 TO Prescaler 

244 Timer/Counter O 

243 T1 Prescaler 

242 Timer/Counter 1 

241 Timer Mode 

240 Serial 1/0 

Not 
Implemented 

239 

General-Purpose 
Registers 

4 

3 Port3 

2 Port 2 

Port1 

0 Porto 

Figure 11. Register File 

5·12 

IDENTIFIERS 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 



FF 

FO 

2F 

20 
1F 

10 
OF 

00 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

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

Specified Working ~ I-
Register Group 

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

Register Group 1 

Register Group O 

~-----------------
1/0 Ports 

~ R15to RO 

R15 to R4 

R3to RO 

Figure 12. Register Pointer 

Z86C12 ZB®CMOS 
IN-CIRCUIT EMULATOR 

Stack. The Z86C12 has a 16-bit Stack Pointer (R254-
R255) used for an external stack that resides anywhere in 
the data memory for the ROMless mode, but only from 
SIZEn to 65535 in ROM mode. An 8-bit Stack Pointer 

(R255) is used for the internal stack that resides within the 
236 general-purpose registers (R4-R239). The high byte of 
the Stack Pointer (SPH-Bit 8-15) can be use as a general 
purpose register when using internal stack only. 
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FUNCTIONAL DESCRIPTION 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler is driven by inter
nal or external clock sources; the TO prescaler is driven by 
the internal clock 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 the 
counters and prescalers reach the end of the 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 

I osc I 

e--~ Internal 
Clock 

Clock 
Logic 

External Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 

Z86C12 ZS®CMOS 
INoCIRCUIT EMULATOR 

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 counter, but not the prescalers, is read at any time 
without disturbing its 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 ex
ternal 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. Port 
3, line P36, also serves as a timer output (Tour) through 
which TO, T1 or the internal clock is output. The counter/ 
timers can be cascaded by connecting the TO output to the 
input of T1. 

Internal Data Bus 

TO TO 
Initial Value Current Value 

Register Register 

8-bit 
Down 

Counter IRQ4 

8-Bit IRQ5 
Down 

Counter 

T1 T1 
Internal Clock 
Gated Clock 
Triggered Clock Initial Value Initial Value Current Value 

Register Register Register 

TIN P31 

Internal Data Bus 

Figure 13. Counter/Timers Block Diagram 
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Interrupts. The Z86C12 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follows: four 
sources are claimed by Port 3 lines P33-P30, one in serial 
out, one in serial in, and two in the counter/timers (Figure 
14). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. All Z86C12 interrupts are vec
tored through locations in the program memory. When an 
interrupt machine cycle is activated, an interrupt request is 
granted. Thus, this disables ail of the subsequent inter
rupts, save 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 address of the interrupt service 
routine for that particular interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86C12 Z8®CMOS 
IN-CIRCUIT EMULATOR 

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. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request Reg
ister (IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request is valid 5TpC before the falling edge of the last 
clock cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the Flag register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point. This corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IRQO-IRQ5 

6 

IPR 

Vector Select 

Figure 14. Interrupt Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86C12 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
()CTAL 1 =Input, XTAL2 =Output). The crystal should beAT 
cut, 1 MHz to 16 MHz max, and series resistance (RS) is 

XTAL1 

C1I 

= !:SJ 
C1 l= 

XTAL2 

C2 l= C2 l= 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

less than or equal to 100 Ohms. The crystal should be 
connected across XTAL 1 and XTAL2 using the recom
mended capacitors (10 pF <CL< 100 pF) from each pin 
to ground (Figure 15). 

XTAL1 

L 

. XTAL2 

Ceramic Resonator LC Clock External Clock 
or Crystal 

Figure 15. Oscillator Configuration 

HALT. This turns off the internal CPU clock but not the 
XTALoscillation. The counter/timers and the external inter
rupts IRQO, IRQ1, IRQ2 and IRQ3 remain active. The 
devices are recovered by interrupts, either externally or 
internally generated. An interrupt request must be ex
ecuted (enabled) to exit HALT mode. After the interrupt 
service routine, the program continues from the instruction 
after the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 10 µA or less (typical). The STOP Mode is termi
nated by a reset, which causes the processor to restart the 
application program at address OOOC (Hex). 

5-16 

To enter STOP (or HALT) mode, it is necessary to first flush 
the instruction pipeline to avoid suspending execution in 
mid-instruction. To do this, the user must execute a NOP 
(opcode = OFFH) 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 



Instruction Cycle Timing 

Figures 16 and 17 show instruction cycle timing for instructions fetched from external memory. 

M1 M2 M3 

Clock 

PO 

P1 

A15-A8 07-DO IN A7-AO D7-DO IN 

/AS v v v 
/DS :J \ __ _,/ \ _________ ~ 

RINI ---
/SYNC~ V 

'4--Fetch lnstruction---1•--Fetch 1st Byte of Next Instruction-I 

Figure 16. Instruction Cycle Timing (One-Byte Instructions) 

M1 M2 M1 orM3 

A15-A8 D7-DO A7-AO D7-DO A7-AO D7-DO 

/AS v v v 
IDS \ I \ __ __,,/ ''" __ ..,r 

RINI I ---
/SYNC -V 

( For 2-Byte Instr. Only 

Fetch 1st Instruction Fetch 2nd Byte Fetch 3rd Byte 
(3-Byte Instruction) 

Fetch 1 st Byte 
(1 or 2 Byte Instruction) 

Figure 17. Instruction Cycle Timing (Two- and Three-Byte Instructions) 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 
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FUNCTIONAL DESCRIPTION (Continued) 

The addresses, Address Strobe (/AS) and Read Write 
{R//W) are output at the beginning of each machine cycle 
(Mn). The addresses output through Port 0 (if used) remain 
stable throughout the machine cycle. Addresses output 
through Port 1 remain valid only during MnT1. The ad
dresses are guaranteed valid at the rising edge of /AS, 
which is used to latch the Port 1 output. Port 1 is placed in 
an input mode at the end of MnT1. The Data Strobe is 
output during MnT2 allowing data to be placed on the Port 
1 bus. The ZS accepts the data during MnT3 and /OS is 
terminated. 

Instruction synchronization pulse /SYNC is output one 
clock pulse period prior to the beginning of an opcode 
fetch machine cycle (M1). This output is directly available 
on the 64-pin versions of our ZS® Family; whereas, on the 
40-pin versions, the Data Strobe pin outputs /SYNC only if 
external memory is not used. 

Note that all instruction fetch cycles have the same ma
chine timing regardless of whether the memory is internal 
or not. If configured for external memory, and internal 

Clock 

PO 

P1 A7·AO 

/AS \_/ 
IDS 

R/NJ 

Z86C12 ZS® CMOS 
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memory is referenced, the addresses are still output through 
Ports 0 and 1; /OS and R//W are inactive. If configured for 
internal memory only, Ports 0 and 1 are used for 1/0, /OS 
outputs, /SYNC; R//W is inactive. 

The exception to the instruction fetch timing is during the 
opcode fetch of an instruction following the fetch of a one
byte instruction. One-byte instructions require two machine 
cycles to execute. The pipelining causes the following 
opcode fetch to begin one machine cycle early. 

External Memory or 1/0 Timing 

When external memory is addressed, Ports 0 and 1 are 
configured to output the required number of address bits. 
Port 1 is used as a multiplexed address/data bus for AD7-
ADO and Port 0 outputs address bits A 15-AS. The timing 
relationships for addressing external memory and 1/0 are 
illustrated in Figures 1 S, 19, 20 and 21. The main difference 
between these figures is that Figures 20 and 21 contain an 
added timing cycle (Tx) that extends external memory 
timing to allow for slower memory. 

D7-DO IN 

\_ 

/DM ~~~-x-~~~~~~~----X::: 
!,.,. ___ Read Cycle----•! 

Figure 18. External Instruction Fetch, 1/0 or Memory Read Cycle 
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Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

r Machine Cycle ~1 
T1 T2 T3 

Clock 

x PO ---- A15-A8 x:::: 
P1 x A7-AO x 07-00 OUT x:::: 

/AS \_/ \_ 
IDS 

R//W 

/OM ~~~-X-~~~~~~~--><== 
~~---Write Cycle----.i~I 

Figure 19. External 1/0 or Memory Write Cycle 

Machine Cycle 

T1 T2 Tx T3 

Clock 

PO A15-A8 

P1 A7-AO 
07-00 IN 

/AS ~ \_ 
/OS 

R//W I 

/OM ::::x x::= 
-----Read Cycle-----

Figure 20. Extended External Instruction Fetch, 1/0 or Memory Read Cycle 

II 
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FUNCTIONAL DESCRIPTION (Continued) 

Z86C12 ZS® CMOS 
IN· CIRCUIT EMU LA TOR 

-----Machine Cycle,-----i ·1 T1 T2 Tx T3 

Clock 

x::: PO ::::x ______ A_1_s-.... A-.o ____ _ 

x::: P1 ::::X A7·AO X.._ __ ..;;D;.;.7..;;·D;..;;;0..;;0;..;;;U;.;.T __ _ 

/AS ""'\_/ \_ 

/DS 

RINI 

-----Write Cycle------

Figure 21. Extended External 1/0 or Memory Write Cycle 

Address bits A 15-AO are valid on Ports 0 and 1 at the 
trailing edge of /AS for both the read and write memory 
cycles. Because Port 0 is not multiplexed, address bits 
A 15-AS, if used, are present all through the read/write 
memory cycle. 

During the read cycle, the input data must be valid on Port 
1 at the trailing edge of the Data Strobe output (IDS). The 
Data Memory Select output (/OM) is used to select external 
data memory or external program memory. If selected, 
/DM is active during the execution of certain instructions. 
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During the write cycle, the address outputs follow the same 
timing relationships as for the read cycle. However, the 
output data is valid for the entire period /DS is active, and 
R//W is active (Low) during the entire write cycle. 

Interrupt requests are sampled before each instruction 
fetch cycle (Figure 22). First, external interrupt requests 
are sampled four clock periods prior to the active /AS pulse 
that corresponds to an instruction fetch cycle. Then, inter
nal interrupt requests are samples one clock period pre
ceding /AS. 



~ 

MN I M1 I M2 I M M4 MS M6 M7 M1 
TM21 TM1 I TM T1 I T2 I T3 T1 I T2 I T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T4 T1 T2 T3 Tl T2 

Clock 

PO A15-AO A15-AO A15-AO A15-AO A15-AO 

P1 A7-AO 07-00 OUT A7-AO 

/AS '\.../ '\../ 
IDS 

' f 
R//W f 

/DM f Internal Interrupt 

/SYNC 
(ZB/64) 

~
Requests Sampled 

SS: Fetch 1st Byte 
~' ~ (Data lgnored)Y. 

External Interrupt 
Inputs Sampled 

'L.J 

PCU 

v v v v v 

Internal__ Save PCL Save PCIJ ~,. 
Execution On Stack On Stack 

Save Flags ____._i__ Next 
On Stack ___....,..- Instruction

Fetch 

'L.J 
nACK --------...,,.-----------~ -------------------------------.. (ZB/64) ,_ ___ _ 

I+--------------------- Interrupt Response Time= 48 Clock Periods-------------------------.! 

Figure 22. Interrupt Cycle Timing 
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FUNCTIONAL DESCRIPTION (Continued) 

If an interrupt request is set, the ZS spends seven machine 
cycles (44 clock periods) resolving interrupt priorities, 
selecting the proper interrupt vector, and saving the pro
gram counter and flags on the stack. Although Figure 13 
illustrates the timing for an external stack, the same timing 
is used for an internal stack. The total interrupt response 
time (including the external interrupt sample time) for an 
external interrupt is 4S clock periods. The first instruction 
of the interrupt service routine is fetched at this time. When 
an interrupt request is detected in our 64-pin ZS® Family 
versions, /IACK is activated (Low) and remains active until 
the first instruction of the interrupt service routine is fetched. 

Clock 

SCLK 

/RESET 

/AS 

IDS 

R//W 

Reset Timing 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

The internal logic is initialized during reset if the Reset input 
is held Low for at least 1S clock periods (Figure 23). During 
the time /RESET is Low, /AS is output at the internal clock 
rate, /DS is forced Low, R//W is inactive and Ports 0, 1 and 
2 are placed in an input mode. /AS and /DS both Low is 
normally a mutually exclusive condition; therefore, the 
coincidence of /AS Low and /DS Low can be used as a 
reset condition for other devices. Zilog Z-Bus® peripherals 
take advantage of this reset condition. 

First Machine I Cycle 
T1 I 

:.-First Instruction 
Fetch 

Figure 23. Reset Cycle Timing 

Alternative Control Signal Uses 

In addition to their uses in memory transfers, the control 
signals /AS, /DS and R//W can be used in the following 
interface applications: 

/AS can be modified to provide the /RAS (Row Address 
Strobe) signal for dynamic memory interface. /RAS can be 
derived from the trailing edge of /DS to the trailing edge 
of /AS. 
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/DS has several alternative uses: as a /CAS (Column 
Address Strobe) for dynamic memory interface; as a Chip 
Enable for memory and other interface devices; as an 
Enable input for tri-state bus drivers/receivers for memory 
and interface devices. 

R//W can be used as a Write input to memory interfaces, 
and as an Early Status output to switch the direction of 
tri-state bus drivers/receivers. 



ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage* -0.3 +7.0 v 
TSTG Storage Temp -65 +150 cc 
TA Oper Ambient Temp** c 

Notes: 
• Voltages on all pins with respect to GND. 
"See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 24). 

Z86C12 ZS®CMOS 
IN·CIRCUIT EMULATOR 

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

+SV 

2.1 Kn 

From Output o---------r.._ _ _. 
Under Test 

150 pF 

I 9.1 Kn 

= = 

Figure 24. Test Load Diagram 
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~2iUJ6 
Z86C12 ZS® CMOS 

IN·CIRCUIT EMULATOR 

DC CHARACTERISTICS 

TA= 0°c to 10°c TA= -4D°C to 105°C Typical 
Sym Parameter Min Max Min Max @25°C Units Conditions 

Max Input Voltage 7 7 v llN 250 µA 
VCH Clock Input High Voltage 3.8 Vee 3.8 Vee v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 -0.3 0.8 v Driven by External Clock Generator 
VIH Input High Voltage 2.0 Vee 2.0 Vee v 

VIL Input Low Voltage -0.3 0.8 -0.3 0.8 v 
VOH Output High Voltage 2.4 2.4 v IOH =-250 µA 
VOL Output Low Voltage 0.4 0.4 v 10L =+2.0 mA 
VRH Reset Input High Voltage 3.8 Vee 3.8 Vee v 

VRI Reset Input Low Voltage -0.3 0.8 -0.03 0.8 v 
l1L Input Leakage -1 1 -10 10 µA ov VIN +5.25V 
IOL Output Leakage -1 1 -10 10 µA ov VIN +5.25V 
llR Reset Input Current -80 -50 µA Vee= +5.25V, VRL = OV 

Ice Supply Current 50 50 25 mA @12MHz 
60 60 35 mA @16MHz 

ICC1 Standby Current 15 15 5 mA HALT Mode VIN= OV, vcc@12 MHz 
20 20 10 mA HALT Mode V1N = OV, V cc@ 16 MHz 

ICC2 Standby Current 10 10 5 µA STOP Mode V1N = OV, V cc@ 12 MHz 
10 10 5 µA STOP Mode V1N = OV, V cc@ 16 MHz 

Notes: 
1002 requires loading TMR (%F1 H) with any value prior to STOP execution. 
Use this sequence: 

LDTMR,#00 
NOP 
STOP 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Diagram 

R//W 

PortO,/DM 

Port 1 

/AS 

IDS 
(Read) 

Port1 

IDS 
(Write) 

A7-AO D7-DO OUT 

Figure 25. External 1/0 or Memory Read or Write Timing 

Z86C12 ZB"CMOS 
IN-CIRCUIT EMU LA TOR 

5-25 

II 



~2il.!lG 
Z86C12 ZS®CMOS 

IN-CIRCUIT EMULATOR 

AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing Table 

TA= 0°C to 70°C TA =-4D°C to 105°C 
12 MHz 16 MHz 12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 35 20 35 25 ns [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 30 45 35 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 220 180 250 180 ns [1,2,3] 
4 TwAS /AS Low Width 55 35 55 40 ns [2,3] 

5 TdAZ(DS) Address Float to JDS Fall 0 0 0 0 ns 
6 TwDSR JDS (Read) Low Width 185 135 185 135 ns [1,2,3] 
7 TwDSW JDS (Write) Low Width 110 80 110 80 ns [1,2,3] 
8 TdDSR(DR) /DS Fall to Read Data Req'd Valid 130 75 130 75 ns [1,2,3] 

9 ThDR(DS) Read Data to JDS Rise Hold Time 0 0 0 0 ns [2,3] 
10 TdDS(A) JDS Rise to Address Active Delay 45 35 65 50 ns [2,3] 
11 TdDS(AS) JDS Rise to /AS Fall Delay 55 30 45 35 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 25 ns [2,3] 

13 TdDS(R/W) JDS Rise to R//W Not Valid 35 30 50 35 ns [2,3] 
14 TdDW(DSW) Write Data Valid to JDS Fall (Write) Delay 35 25 35 25 ns [2,3] 
15 TdDS(DW) JDS Rise to Write Data Not Valid Delay 35 30 55 35 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 255 200 310 230 ns [1,2,3] 

17 TdAS(DS) /AS Rise to JDS Fall Delay 55 40 65 45 ns [2,3] 
18 TdDl(DS) Data Input Setup to JDS Rise 75 60 75 60 ns [1,2,3] 
19 TdDM(AS) /DM Valid to /AS Fall Delay 50 30 50 30 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 

Clock Dependent Formulas [2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. Number Symbol Equation 
Standard Test Load 
All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 

1 TdA(AS) 0.40TpC + 0.32 
2 TdAS(A) 0.59TpC - 3.25 
3 TdAS(DR) 2.83TpC + 6.14 
4 TwAS 0.66TpC - 1.65 

6 TwDSR 2.33TpC - 10.56 
7 TwDSW 1.27TpC + 1.67 
8 TdDSR(DR) 1.97TpC - 42.5 
10 TdDS(A) 0.8TpC 

11 TdDS(AS) 0.59TpC - 3.14 
12 TdR/W(AS) 0.4TpC 
13 TdDS(R/W) 0.8TpC -15 
14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) 0.88TpC-19 
16 TdA(DR) 4TpC-20 
17 TdAS(DS) 0.91TpC - 10.7 
18 TsDl(DS) O.STpC-10 
19 TdDM(AS) 0.9TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRON MJ-
Figure 26. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

TA= 0°C to 70°C 
12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max 

1 TpC Input Clock Period 83 1000 62.5 1000 
2 TrC,TfC Clock Input Rise & Fall Times 15 10 
3 TwC Input Clock Width 37 21 
4 TwTinL Timer Input Low Width 70 50 

5 TwTinH Timer Input High Width 3TpC 3TpC 
6 TpTin Timer Input Period 8TpC 8TpC 
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 
BA TwlL Interrupt Request Input Low Times 70 50 
BB TwlL Interrupt Request Input Low Times 3TpC 3TpC 
9 TwlH Interrupt Request Input High Times 3TpC 3TpC 

Notes: 
[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P31-P33). 
[5] Interrupt request through Port 30. 

TA= -40°C to 105°C 
12 MHz 16 MHz 

Min Max Min Max 

83 1000 62.5 1000 
15 10 

37 21 
70 50 

3TpC 3TpC 
8TpC BTpC 
100 100 
70 50 

3TpC 3TpC 
3TpC 3TpC 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

Units Notes 

ns [1] 
ns [1] 
ns [1] 
ns [2] 

[2] 
[2] 

ns [2] 
ns [2,4] 

[2,5] 
[2,3] 
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Z86C12 ZS®CMOS 
IN·CIRCUIT EM ULA TOR 

AC CHARACTERISTICS 
Handshake Timing Diagram 

Data In 

/DAV 
(Input) 

RDY 
(Output) 

Data Out 

/DAV 
(Output) 

RDY 
(Input) 

-----"If························································ 
Data In Valid Next Data In Valid 

--}························································ 

Delayed DAV : 

·-··························)~················/ 

·------11--..6 ..................... .. 

Figure 27. Input Handshake Timing 

. . 

1..-------------..... r -------------. 
Data Out Valid Next Data Out Valid 

l'-------------..... r-------------. 
\ Delayed DAV 

Delayed ROY I 

- - - - - ->r - - - J 

Figure 28. Output Handshake Timing 

AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°c to 10°c TA= -40°C to 1 D5°C 
12 MHz 16 MHz 12 MHz 16 MHz Data 

No Symbol Parameter Min Max Min Max Min Max Min Max Direction 

1 TsDl(DAV) Data In Setup Time 0 0 0 0 IN 
2 ThDl(DAV) Data In Hold Time 145 145 145 145 IN 
3 TwDAV Data Available Width 110 110 110 110 IN 
4 TdDAVl(RDY) DAV Fall to RDY Fall Delay 115 115 115 115 IN 

5 TdDAVld(RDY) DAV Rise to RDY Rise Delay 115 115 115 115 IN 
6 TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 0 0 IN 
7 TdDO(DAV) Data Out to DAV Fall Delay TpC TpC TpC TpC OUT 
8 TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 0 0 OUT 

9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 115 115 OUT 
10 TwRDY RDYWidth 110 110 110 110 OUT 
11 T dRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 115 115 OUT 
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ZS CONTROL REGISTER DIAGRAMS 

R240 

R241 TMR 

R242T1 

Serial Data (DO = LSB) 

Figure 29. Serial 1/0 Register 
(FOH: Read/Write) 

0 No Function 
1 LoadTO 

O Disable TO Count 
1 Enable TO Count 

No Function 
LoadT1 

Disable T1 Count 
Enable T1 Count 

TIN Modes 
00 Ex1ernal Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Retriggerable) 

TOUT Modes 
00 Not Used 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 30. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 

01-00 HEX) 
T1 Current Value 

(When Read) 

Figure 31. Counter!Timer 1 Register 
(F2H: Read/Write) 

R243 PRE1 

R244 TO 

R245 PREO 

Z86C12 ZS® CMOS 
IN·CiRCUIT EMULATOR 

Count Mode 
o T1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T11nternal 
0 T1 External Timing Input 

(TIN) Mode 

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

Figure 32. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 

Figure 33. Counter!Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
o TO Single Pass 
1 TO Modulo-n 

Reserved (Must be O.) 

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

Figure 34. Prescaler 0 Register 
(FSH: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

Z86C12 ZS® CMOS 
IN-CIRCUIT EMULATOR 

R246 P2M R246 P01M 

R247 P3M 

5-30 

P20 - P27 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input 

Figure 35. Port 2 Mode Register 
(F6H: Write Only) 

o Port 2 Open-Drain 
1 Port 2 Push-Pull 

Reserved (Must be O.) 

P32 =Input 
P35= Output 
P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34=0Utput 

01} P33 = Input 
10 P34=/DM 
11 Reserved 

0 P31 = Input (TIN) 
P36 = Output (TOUT) 
P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

o P30 =Input 
P37=0utput 

1 P30 = Serial In 
P37 = Serial Out 

O ParityOff 
1 ParltyOn 

Figure 36. Port 3 Mode Register 
(F7H: Write Only) 

R249 IPR 

--r-

POO - P03 Mode 
00 Output 
01 Input 
1X A11 -AB 

Stack Selection 
o External 
1 Internal 

P10-P17Mode 
oo Byte Output 
01 Byte Input 
10 AD7-ADO 
11 High-Impedance AD7 - ADO, 

/AS, /DS, /R//W, A11 ·AB, 
A15-A12, If Selected 

External Memory Timing 
o Normal 
1 Extended 

P04 " P07 Mode 
00 Output 
01 Input 
1X A15-A12 

Figure 37. Ports 0 and 1 Mode Register 
(FSH: Write Only) 

T I 
Interrupt Group Priority 

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

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

IRQO, IRQ2 Priority (Group B) 
0 IR02>1RQO 
1 IR00>1RQ2 

IRQ3, IRQS Priority (Group A) 
0 IR05>1RQ3 
1 IR03>1RQ5 

Reserved (Must be 0.) 

Figure 38. Interrupt Priority Register 
(F9H: Write Only) 



R250 IRQ 

R251 IMR 

I RQO P32 Input 
IRQ1 P33 Input 
IRQ2 P31 Input 
I RQ3 P30 Input 
IRQ4 TO 
IRQS T1 

Reserved (Must be 0.) 

Figure 39. Interrupt Request Register 
(FAH: Read/Write) 

lmlool~l~l 00 l~l~l 00 I 

1.....__1 -

1 Enables IRQO-IRQS 
(DO= IRQO) 

Reserved (Must be O.) 

1 Enables Interrupts 

R252 FLAGS 

Figure 40. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

carry Flag 

Figure 41. Flag Register 
(FCH: Read/Write) 

R253 RP 

Z86C12 ZB®CMOS 
IN·CIRCUIT EMULATOR 

lmlool~l~l 00 l~l~l 00 I 

11 L----11 -

o Reserved 

r4} r5 
r6 Register Pointer 

r7 

R254 SPH 

R255 SPL 

Figure 42. Register Pointer Register 
(FDH: Read/Write) 

Stack Pointer Upper 
Byte (SPB - SP15) 

Figure 43. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SPO - SP7) 

Figure 44. Stack Pointer Register 
(FFH: Read/Write) 
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INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

5-32 

Meaning 

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

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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



~2iUJ6 
Z86C12 Z8® CMOS 

IN·CIRCUIT EMULATOR 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XOR 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 [Z OR (S XOR V)] = 1 

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

II 
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INSTRUCTION FORMATS 

Z86C12 ZS® CMOS 
IN·CIRCUIT EM ULA TOR 

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

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src OR I 1110 I dst/src I 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 111 0 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, GP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LD, LDE, LDEI, 

dst/src src/dst 
LDC, LDCI 

dstlsrc OPC LD 

OR I 111 0 I src 

dst OPC LD 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst ~ dst + src 

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

5-34 

OPC I MODE ADC, ADD, AND, GP, 

src OR 111 0 src 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, GP, 

dst ORI 111o1 dst 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODEj OPC LO 

src OR 111 0 src 

dst OR 111 0 dst 

MODEj OPC LD 

dst/src J x 

ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 



~2jUJG 
Z86C12 ZS® CMOS 

IN-CIRCUIT EMULATOR 

INSTRUCTION SUMMARY 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s v D H and Operation dst src (Hex) c z s v D H 

ADC dst, src t 1[ l * * * * 0 * INC dst rE . * * * - -

dst._dst + src +C dst._dst + 1 r = 0-F 

ADD dst, src t O[ l * * 
dst ._dst + src 

R 20 
* * 0 * IR 21 

INCWdst RR AO - * * * AND dst, src + 5[ ] - ~ * 0 dst._dst + 1 iR A1 I 

dst._dst AND src 
IRET BF ****** CALL dst DA 06 FLAGS._@SP; 

sp._sp-2 IRR 04 5p._5p + 1 
@sp._pc, PC._@SP; 
pc._dst 5p._5p + 2; 

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

C~NOTC JP cc, dst DA co - - - - - -

CLR dst R BO if cc is true, C=O-F 

dst~o IR B1 PC~dst IRR 30 

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

dst~NOT dst IR 61 if cc is true, C=O-F 
pc._pc + dst 

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

DA dst R 40 * * * x LD dst, src Im re - - - - - -

dst~DA dst IR 41 dst~src r R r8 
R r r9 

DEC dst R 00 - * * * r=O-F 
dst~dst-1 IR 01 r x Cl 
DECW dst RR 80 - * * * x r 07 

dst~dst-1 IR 81 r Ir E3 
Ir r F3 

DI SF - - - - - - R R E4 
IMR(7)~0 R IR E5 

RA rA 
R IM E6 

DJNZr, dst - - - - - - IR IM E7 
r~r-1 r=O-F IR R F5 
if r*O 
PC~Pc +dst LDC dst, src Irr C2 - - - - - - II Range: + 127, dst~src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dst~src 
IMR(7)~1 r~r+1; 

HALT 7F - - -
rr~rr+1 

- - -
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IN-CIRCUIT EMULATOR 

INSTRUCTION SUMMARY (Continued) 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s v 0 H and Operation dst src (Hex) c z s v D H 

NOP FF STOP 6F 

OR dst, src t 4[ l - * * 0 SUB dst, src t 2[ l 
dslf-dst OR src dSlf-dSlf-Src 

POP dst R 50 - - - - - - SWAP dst R FD x * * x - -
dstf-@SP; IR 51 112C IR F1 
SPf-SP + 1 'I 
PUSH src R 70 - - - - - -
SPf-SP-1; IR 71 TCM dst, src t 6[ l - * * 0 

- -
@SPf-src (NOT dst) 

RCF CF 0 - -
AND src 

- - -
Cf-0 TM dst, src t 7[ l - * * 0 

RET AF - -
dst AND src 

- - - -
PCf-@SP; XOR dst, src t B[ ] - * * 0 

- -
SPf-SP + 2 dSlf-dSt 

RL dst R 90 
XOR src 

* * * * - -

~ IR 91 
t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 

RLC dst R 10 * * * * - - set table above. The second nibble is expressed symbolically by a'[ ]' 

IR 11 
in this table, and its value is found in the following table to the left of the 

Lm=tt:j}J applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 
RR dst R ED * * * * - - modes r (destination) and Ir (source) is 13. 

~4I::::TIJ 
IR E1 

Address Mode Lower 
RRC dst R co * * * * - - dst src Opcode Nibble 

~ 
JR C1 

[2] 

SBC dst, src t 3[ J * * * * 1 * Ir [3] 
dslf-dSlf-SrCf-C 

R R [4] 
SCF DF - - - - -
Cf-1 R IR [5] 

SRA dst R DO * * * 0 
- -

IR D1 R IM [6] 

~ IR IM [7] 

SRP dst Im 31 - - - - - -
RPf-src 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 

6.5 
RLC 
R1 

6.5 
2 INC 

R1 

8.0 
3 JP 

IRR1 

8.5 
4 DA 

R1 

10.5 
5 POP 

R1 

6.5 
6 COM 

R1 

10/12.1 
7 PUSH 

R2 

10.5 
8 DECW 

RR1 

6.5 
9 RL 

R1 

10.5 
A INCW 

RR1 

6.5 
B CLR 

R1 

6.5 
c RRC 

R1 

6.5 
SRA 

R1 i D 

;;; 
GI 6.5 

RR 
R1 

2i E 
:9 z 

8.5 .. 
GI 

SWAP CL F 
CL 

:::> R1 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 

6.5 6.5 
RLC ADC 
IR1 r1, r2 

6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SRP SBC 

IM r1, r2 

8.5 6.5 
DA OR 
IR1 r1, r2 

10.5 6.5 
POP AND 
IR1 r1, r2 

6.5 6.5 
COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 

10.5 12.0 
DECW LOE 

IR1 r1, lrr2 

6.5 12.0 
RL LOE 
IR1 r2, lrr1 

10.5 6.5 
INCW CP 

IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 

6.5 12.0 
RRC LDC 
IR1 r1, lrr2 

6.5 12.0 
SRA LDC 
IR1 r2, lrr1 

6.5 
RR 
IR1 

8.5 
SWAP 

IR1 

..,.. 
2 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2,R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2,R1 

6.5 10.5 
SBC SBC 
r1, lr2 R2,R1 

6.5 10.5 
OR OR 

r1, lr2 R2,R1 

6.5 10.5 
AND AND 
r1, lr2 R2,R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2,R1 

6.5 10.5 
TM TM 

r1, lr2 R2,R1 

18.0 
LDEI 

lr1, lrr2 

18.0 
LDEI 

lr2, lrr1 

6.5 10.5 
CP CP 

r1, lr2 R2,R1 

6.5 10.5 
XOR XOR 
r1, lr2 R2,R1 

18.0 
LOCI 

lr1, lrr2 

18.0 20.0 
LOCI CALL* 

lr2, lrr1 IRR1 

6.5 10.5 
LD LD 

r1, IR2 R2,R1 

6.5 
LD 

lr1, r2 

Lower 
Opcode 
Nibble 

1 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LD 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 

10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

JBS 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 

10.5 
LD 

r1,x,R2 

20.0 10.5 
CALL LD 

DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

IR2, R1 R1, IM IR1, IM 

10.5 
LD 

' ' R2, IR1 

..,.. 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

Z86C12 ZS®CMOS 
IN·CIRCUIT EMU LA TOR 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LD 
r1,RA cc, RA r1,IM 

' r 
v 
2 

Legend: 
R = 8-bit address 
r = 4-bit address 
R 1 or r 2 = Dst address 
R 1 or r 2 = Src address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

cc, DA 

~. 

v 
3 

E F 

6.5 
INC 
r1 

1---

1---

1---

1---

1---

1---
6.0 

STOP 

1---
7.0 

HALT 

1---
6.1 
DI 

1--e.1 
El 

1---
14.0 
RET 

1---
16.0 
IRET 

~ 
RCF 

1---
6.5 

SCF 

1---
6.5 

CCF 

1---
6.0 

' 
NOP 

v 

Note: The blank areas are not defined. 

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

Ill PIN 
LD.-

5·38 

LOBO SQ MllX ~ 

S20 MAX ll 1--- 0. 900 +/-.012 

Z86C12 ZS® CMOS 
IN·ClRcurr EMULATOR 

.100 TYP TYP . 

.820 MAX 

_[ ·015 orA ,D2'[" I (84 PLCS> 

84-Pin PGA Package Diagram 

.100 TYP 

A 00000100000 l 
B 00000100000 
c 00000100000 
D 000 I 000 
E (,2 (,2 ®_ - + -_@_@_@ o.900 +l-.012 ' 
F' 00@ 000 TY 

c; 000 I 000 
Ii 00000100000 
J 00000100000 
K 000001° 0@00+---L 

10 9 8 1 



ORDERING INFORMATION 

Z86C12 

16 MHz 
84-Pin PGA 
Z86C1216GSE 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 
G = Pin Grid Array 

Temperature 
S = 0°c to +70°C 

Speed 
16-16 MHz 

Environmental 
E = Hermetic Standard 

Example: 
Z 86C12 16 G S E 

~ 
is an Z86C12, 16 MHz, PGA, 0°C to +70°C, Hermetic Standard 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C12 ZS® CMOS 
IN·CIRCUIT EMULATOR 
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Introduction 

Z86C07 ZB® CMOS 
B·Bit Microcontroller 

ZB&COB ZB® CMOS 
B·Bit Microcontroller 

ZB&EOB ZB® CMOS B·Bit 
OTP Microcontroller 

Z86C11 ZB® CMOS 
Micro controller 

Z86C12 ZB® CMOS 
In-Circuit Emulator MCU 

Z86C21 ZB® CMOS II 
BK ROM Microcontroller • 





FEATURES 

• S-Bit CMOS Microconiroiier 

• 40-Pin DIP, 44-Pin PLCC or 44-Pin QFP Package 

• 4.5V to 5.5V Operating Range 

• Low Power Consumption - 220 mW (max)@ 16 MHz 

• Fast instruction pointer - 1.0 µs@ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 32 Input/Output Lines 

• Full-Duplex UART 

• All Digital Inputs are TIL Levels 

• Auto Latches 

GENERAL DESCRIPTION 

The ZS6C21 microcontroller introduces a new level of 
sophistication to single-chip architecture. The ZS6C21 is a 
member of the ZS single-chip microcontroller family with 
S Kbytes of ROM and 236 bytes of RAM. 

The MCU is packaged in a 40-pin DIP, 44-pin Plastic 
Leaded Chip Carrier, or a 44-pin Quad Flat Pack and is 
manufactured in CMOS technology. The ROMless pin 
option is available on the 44-pin versions only. Having the 
ROM/ROMless selectively, the MCU offers both external 
memory and preprogrammed ROM which enables this ZS 
microcontroller to be used in high-volume applications or 
where code flexibility is required. 

Zilog's CMOS microcontroller offers fast execution, efficient 
use of memory, sophisticated interrupts, input/output bit 
manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 

PRODUCT SPECIFICATION 

Z86C21 
8K ROM Z8® CMOS 
MICROCONTROLLER 

• RAM and ROM Protect 

• S Kbytes of ROM 

• 256 Byte Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes Control/Status Registers 
- 4 Bytes for Ports 

• Two Programmable S-Bit Counter/Timers each with 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from Eight Different 
Sources 

• Clock Speeds 12 and 16 MHz 

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

The ZS6C21 architecture is characterized by Zilog's S-bit 
microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features that are useful in many indus
trial and advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the ZS6C21 offers 32 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of eight lines, and is configurable under software control to 
provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 

There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 
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GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C21 
Zs«'MCU 

To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu
nication, the Z86C21 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
Asynchronous Receiver/Transmitter (UART-Figure 1 ). 

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

Output Input 

UART 

Counter/ 
Timers 

(2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

6-2 

Power connections follow conventional descriptions below: 

Vee GND 

i i 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256x 8-Bit 

Connection 

Power 
Ground 

Circuit 

XTAL /AS IDS R//W /RESET 

Machine Timing and 
Instruction Control 

Address or 1/0 
(Nibble Programmable) 

Address/Data or 1/0 
(Byte Programmable) 

Figure 1. Functional Block Diagram 

Device 
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PIN DESCRIPTION 

vcc 40 P36 

XTAL2 2 39 P31 

XTAL1 3 38 P27 

P37 4 37 P26 

P30 5 36 P25 

/RESET 6 35 P24 

RINJ 7 34 P23 

IDS 8 33 P22 

/AS 9 32 P21 

P35 10 
Z86C21 

31 P20 DIP 
GND 11 30 P33 

P32 12 29 P34 

POO 13 28 P17 

P01 14 27 P16 

P02 15 26 P15 

P03 16 25 P14 

P04 17 24 P13 

P05 18 23 P12 

P06 19 22 P11 

PO? 20 21 P10 

Figure 2. 40-Pin DIP Pin Assignments 

Table 1. 40-Pin DIP Pin Identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 

1 Vee Power Supply Input 11 GND Ground Input 
2 XTAL2 Crystal, Oscillator Clock Output 12 P32 Port 3 pin 2 Input 
3 XTAL1 Crystal, Oscillator Clock Input 13-20 POO-P07 Port 0 pins 0, 1,2,3,4,5,6,7 In/Output 
4 P37 Port 3 pin 7 Output 21-28 P10-P17 Port 1 pins 0, 1,2,3,4,5,6,7 In/Output 
5 P30 Port 3 pin O Input 29 P34 Port 3 pin 4 Output 

6 /RESET Reset Input 30 P33 Port 3 pin 3 Input 
7 RINI ReadN-/rite Output 31-38 P20-P27 Port 2 pins 0, 1,2,3,4,5,6, 7 In/Output 
8 /DS Data Strobe Output 39 P31 Port 3 pin 1 Input 
9 /AS Address Strobe Output 40 P36 Port 3 pin 6 Output 
10 P35 Port 3 pin 5 Output 

II 
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Z86C21 
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PIN DESCRIPTION (Continued) 

:; ~ 
0 !,2 0 r-- ~ ~ '° ;; r-- '° LO 

"' "' §Z "' N N N z a.. a.. x a.. a.. a.. a.. a.. 

6 5 4 3 2 1 44 43 42 41 40 

/RESET 7 39 N/C 

R//W 8 38 P24 

/DS 9 37 P23 

/AS 10 36 P22 

P35 11 35 P21 

GND 12 Z86C21 34 P20 
PLCC 

P32 13 33 P33 

POO 14 32 P34 

POl 15 31 Pl? 

P02 16 30 P16 

R//RL 17 29 P15 

18 19 20 21 22 23 24 25 26 27 28 

"' '<I" LO <D r-- 0 N "' '<I" !,2 0 0 0 0 0 c:: c:: c:: c:: c:: a.. a.. a.. a.. a.. z 

Figure 3. 44-Pin PLCC Pin Assignments 

Table 2. 44-Pin PLCC Pin Identification 

Pin # Symbol Function Direction Pin # Symbol Function Direction 

1 Vee Power Supply Input 14-16 POO-P02 Port 0 pin 0, 1 ,2 In/Output 
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL ROM/ROM less control Input 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 P03-P07 Port 0 pins 3,4,5,6, 7 In/Output 
4 P37 Port 3 pin 7 Output 23-27 P10-P14 Port 1 pins 0, 1,2,3,4 In/Output 

5 P30 Port 3 pin 0 Input 28 N/C Not Connected Input 
6 N/C Not Connected Input 29-31 P15-P17 Port 1 pins 5,6,7 In/Output 
7 /RESET Reset Input 32 P34 Port 3 pin 4 Output 
8 R//W Read/Write Output 33 P33 Port 3 pin 3 Input 

9 JDS Data Strobe Output 34-38 P20-P24 Port 2 pins 0, 1,2,3,4 In/Output 
10 /AS Address Strobe Output 39 N/C Not Connected Input 
11 P35 Port 3 pin 5 Output 40-42 P25-P27 Port 2 pins 5,6,7 In/Output 
12 GND Ground Input 43 P31 Port 3 pin 1 Input 
13 P32 Port 3 pin 2 Input 44 P36 Port 3 pin 6 Output 
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Pin # Symbol 

1-5 P03-P07 
6 GND 
7-14 P10-P17 
15 P34 

16 P33 
17-21 P20-P24 
22 GND 
23-25 P25-P27 

26 P31 
27 P36 
28 GND 
29 Vee 
30 XTAL2 

...., 

H 
H , 

33 32 31 30 29 28 27 26 25 24 23 ~ 

/RESET 

R//W 

IDS 

/AS 

P35 

GND 

P32 

POD 
P01 

P02 

R//RL 

[ 

[ 

34 

35 

36 

37 

38 

39 

40 

41 

42 

430 
44 

' 
1 2 3 

22 

21 

20 

19 

Z86C21 
18 

QFP 17 

16 

15 

14 

13 

12 

4 5 6 7 8 9 10 11 ~ 

H 
H 

L...J 

Figure 4. 44-Pin QFP Pin Assignments 

Table 3. 44-Pin QFP Pin Identification 

Function Direction Pin # Symbol 

Port 0 pins 3,4,5,6,7 In/Output 31 XTAL1 
Ground Input 32 P37 
Port 1 pins 0, 1,2,3,4,5,6, 7 In/Output 33 P30 
Port 3 pin 4 Output 34 /RESET 

Port 3 pin 3 Input 35 RINI 
Port 2 pins 0, 1,2,3,4 In/Output 36 /DS 
Ground Input 37 /AS 
Port 2 pins 5,6,7 In/Output 38 P35 

Port 3 pin 1 Input 39 GND 
Port 3 pin 6 Output 40 P32 
Ground Input 41-43 POO-P02 
Power Supply Input 44 R//RL 
Crystal, Oscillator Clock Output 

II 
II J 

I J 

Function 

GND 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Crystal, Oscillator Clock 
Port 3 pin 7 
Port 3 pin 0 
Reset 

ReadNJrite 
Data Strobe 
Address Strobe 
Port 3 pin 5 

Ground 
Port 3 pin 2 
Port 0 pins 0, 1,2 
ROM/ROMless control 

Z86C21 
ZS®MCU 

Direction 

Input 
Output 
Input 
Input 

Output 
Output 
Output 
Output 

Input 
Input 
In/Output 
Input 
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PIN FUNCTIONS 

/ROM less (input, active Low). This pin, when connected to 
GND, disables the internal ROM and forces the device to 
function as a Z86C91 ROM less ZS. For more details on the 
ROMless version, refer to the Z86C91 product specifica
tion. (Note: that when left unconnected or pulled high to 
V cc• the part functions as a normal Z86C21 ROM version). 
This pin is only available on the 44-pin versions of the 
Z86C21. 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS is placed in the high-impedance 
state along with Ports O and 1, Data Strobe, and Read/ 
Write. 

XTAL1,XTAL2Crystal1, Crysta/2(time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C21 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. · 
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Z86C21 
ZS®MCU 

On the fifth clock after the /RESET is detected, an internal 
AST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /DS is 
held active Low while /AS cycles at a rate of TpC2. When 
/RESET is deactivated, program execution begins at loca
tion OOOC (HEX). Power-up resettime must be held Low for 
50 ms, or until Vee is stable, whichever is longer. 

Porto (P07-POO). Port O is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address port for interfacing external memory. 
When used as an 1/0 port, Port O may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the. upper nibble to be under handshake 
control. 

For external memory references, Port 0 can provide ad
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port 0 is programmed independently as 1/0 while 
the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. 

In ROMless mode, after a hardware reset, Port 0 lines are 
defined as address lines A 15-AS, and extended timing is 
set to accommodate slow memory access. The initializa
tion routine includes reconfiguration to eliminate this ex
tended timing mode (Figure 5). 



OEN 

Out 

In 

Z86C21 
MCU 

Port 0 (1/0) 

} 
Handshake Controls 
/DAVO and RDYO I----.. (P32 and P35) 

TIL Level Shifter 

Figure 5. Port 0 Configuration 

PAD 

Z86C21 
ZS®MCU 
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PIN FUNCTIONS (Continued) 

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad
dress (A 7-AO) and Data (D7-DO) ports. For Z86C21, these 
eight 1/0 lines can be programmed as Input or Output lines 
or can be configured under software control as an ad
dress/data port for interfacing external memory. When 
used as an 1/0 port, Port 1 can be placed under handshake 
control. In this configuration, Port 3 line P33 and P34 are 
used as the handshake controls RDY1 and /DAV1. 

Memory locations greaterthan 8192 are referenced through 
Port 1. To interface external memory, Port 1 is programmed 

OEN 

Out 

In 

Z86C21 
MCU 

TTL Level Shifter 

Z86C21 
Z8®MCU 

for the multiplexed Address/Data mode. If more than 256 
external locations are required, Port 0 must output the 
additional lines. 

Port 1 can be placed in a high-impedance state along with 
Port 0, /AS, /DS and R//W, allowing the MCU to share 
common resource in multiprocessor and DMA applica
tions. Data transfers are controlled by assigning P33 as a 
Bus Acknowledge input, and P34 as a Bus request output 
(Figure 6). 

Port 1 
(AD7-ADO) 

Figure 6. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, 
Port 2 may be placed under handshake control. In this 

Open-Drain 

OEN 

Out 

In 

Z86C21 
MCU 

TTL Level Shifter 

Z86C21 
ZB®MCU 

configuration, Port 3 lines P31 and P36 are used as the 
handshake control lines/DAV2 and RDY2. The handshake 
signal assignment for Port 3 lines P31 and P36 is dictated 
by the direction (input or output) assigned to P27 
(Figure 7). 

Port2(1/0) 

PAD 

r -------------------- i 
' I I 

: Auto Latch 
I 
I 
I 

I 
I 
I 
I 
I 
: R"'500 Kn : 
~------------------------J 

Figure 7. Port 2 Configuration 

6-9 

II 



PIN FUNCTIONS (Continued) 

Port3(P37-P30). Port3 is an 8-bit, CMOScompatiblefour
fixed-inputand four-fixed-output port. These eight 1/0 lines 
have four-fixed input (P33-P30) and four fixed output 
(P37-P34) ports. Port 3, when used as serial 1/0, is pro
grammed as serial in and serial out, respectively (Figure 8 
and Table 4) Port 3 pins have Auto Latches only. 
Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0 and 2 
{/DAV and ADY); four external interrupt request signals 
(IRQ3-IRQO); timer input and output signals (T1N and Tour), 
and Data Memory Select {/DM). 

UART Operation. Port 3 lines P30 and P37, are be pro
grammed as serial 1/0 lines for full-duplex serial asynchro-

Out 

Z86C21 
MCU 

Z86C21 
ZB®MCU 

nous receiver/transmitter operation. The bit rate is con
trolled by the Counter/TimerO. 

The Z86C21 automatically adds a start bit and two stop bits 
to transmitted data (Figure 9). Odd parity is also available 
as an option. Eight data bits are always transmitted, 
regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Port3 
(1/0 or Control) 

Port 3 Output Configuration PAD 
In 

Port 3 Input Configuration 

Figure 8. Port 3 Configuration 
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Table 4. Port 3 Pin Assignments 

Pin VO CTC1 Int. POHS P1 HS P2HS UART Ext 

P30 IN IRQ3 Serial In 
P31 IN TIN IRQ2 D/R 
P32 IN IRQO D/R 
P33 IN IRQ1 D/R 

P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT TOUT 

P37 OUT 
TO IRQ4 
T1 IRQ5 

Notes: 
HS = Handshake Signals; D = Data Available; R = Ready 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not been driven by any source. 

Low EMI Option. The Z86C21 is available in a Low EMI 
option. This option is mask-programmable, to be selected 
by the customer at the time when the ROM code is 
submitted. Use of this feature results in: 

Transmitted Data (No Parity) 

l•l•l 00 l 00 l~lwl 00 l 00 l~l 00 lfil 

T I L Start Bit 

Eight Data Btts 

Two Stop Bits 

Transmitted Data (With Parity) 

l•l•IPlool~lwloolool~l 00 lfil 

T I L Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

R/D 

Serial Out 

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

• Low EMI output drivers have resistance of 200 Ohms 
typical. 

• Oscillator divide-by-two circuitry is eliminated. 

• Internal SCLK/TCLK operation is limited to a maximum 
of 4 MHz (250 ns cycle time) 

Received Data (No Parity) 

l•l 00 l 00 l~lwl 00 l 00 l~l 00 lfil 

I I L Start Bit 

Eight Data Bits 

One Stop Bit 

Received Data (With Parity) 

l•I Pl 00 l~lwloolool~l 00 lfil 

I I 
I L Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 9. Serial Data Formats 
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FUNCTIONAL DESCRIPTION 
Address Space 

Program Memory. The Z86C21 can address up to 56K 
bytes of external 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. For ROM mode, 
byte 13 to byte 8191 consists of on-chip ROM. At ad
dresses 8192 and greater, the Z86C21 executes external 
program memory fetches. In the ROMless mode, the 
Z86C21 can address up to 64K bytes of external program 
memory. Program execution begins at external location 
OOOC (HEX) after a reset. 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

6 5535 

8192 

8191 

t- -
i.--12 ~ 

11 

10 

9 

8 

7 

6 

5 r--... 
_..!...-

""'"" 3 

2 

1 

0 

External 
ROM and RAM 

On·Chip ROM 

- - - - - - -
IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 10. Program Memory Configuration 
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Data Memory (/OM). The ROM version can address up to 
56K bytes of external data memory space beginning at 
location 8192. The ROMless version can address up to 
64K bytes of external data memory. External data memory 
can be included with, or separated from, the external 
program memory space. /OM, an optional 1/0 function that 
can be programmed to appear on P34, is used to distin
guish between data and program memory space (Figure 
11 ). The state of the /OM signal is controlled by the type 
instruction being executed. An LDC opcode references 
PROGRAM (/OM inactive) memory, and an LOE instruction 
references DATA (/OM active Low) memory. 

65535 

8192 

8191 

0 

External 
Data 

Memory 

Not Addressable 

Figure 11. Data Memory Configuration 



Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C21 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). In the 
4-bit mode, the Register File is divided into 16 working 

LOCATION 

R255 

R254 

R253 

R252 

R251 

R250 

R249 

R24B 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 

R239 

R4 

R3 

R2 

R1 

RO 

Stack Pointer (Bits 7-0) 

Stack Pointer (Bits 15-B) 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port3 Mode 

Port2 Mode 

TO Prescaler 

Timer/CounterO 

T1 Prescaler 

Timer/Counter1 

Timer Mode 

Serial 1/0 

General-Purpose 
Registers 

Port3 

Port2 

Port 1 

Porto 

Figure 12. Register File 

IDENTIFIERS 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 

Z86C21 
ZS®MCU 

register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. For the reset and power-up 
conditions of the Register File, see Figure 14. 

Note: Register Bank EO-EF can only be accessed through 
working registers and indirect addressing modes. 

2F 

20 
1F 

10 
OF 

00 

l 
r7 r6 r5 r4 r3 r2 r1 rO R253 

(Register Pointer) 

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

Specified Working ._I-
Register Group 

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

Register Group 1 

Register Group 0 

~-----------------l/OPorts 

~ R15toRO 

R15to R4 

R3 to RO 

Figure 13. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 

REGISTER POINTER 

Working Register J Group Pointer 

%FF 
%FO 

;;;F 

%OF 

%00 

za REGISTER FILE 

I'""" 

Notea: 
1. General-purpose registers are not reset 

after Stop-Mode Recovery or after a Reset. 
2. General-purpose registers are undefined 

alter Power-up. 

t 

za STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

%FF SPL u u u u u u 
%FE SPH u u u u u u 
%FD RP u u u u u u 
%FC FLAGS u u u u u u 
%FB IMR 0 u u u u u 
%FA IRQ 0 0 0 0 0 0 

%F9 IPR u u u u u u 
%F8 P01M 0 1 0 0 1 1 

%F7 P3M 0 0 0 0 0 0 

%F6 P2M 1 1 1 1 1 1 

%F5 PREO u u u u u u 
%F4 TO u u u u u u 
%F3 PRE1 u u u u u u 
%F2 T1 u u u u u u 
%F1 TMR 0 0 0 0 0 0 

%FO S10 u u u u u u 

REGISTER RESET CONDITION 

%(0)03 P3 1 1 1 1 u u 

%(0)02 P2 u u u u u u 
%(0)01 P1 u u u u u u 
%(0)00 PO u u u u u u 

U =Unknown 

t =For ROMless (Z86C91) reeetcondition = 10110110 

u 
u 
u 
u 
u 
0 

u 
0 

0 

1 

u 
u 
0 

u 
0 

u 

u 

u 
u 
u 

u 
u 
u 
u 
u 
0 

u 
1 

0 

1 

0 

u 
0 

u 
0 

u 

u 

u 
u 
u 

Z86C21 
ZS®MCU 

Figure 14. RAM Register File Reset Condition 

RAM Protect. The upper portion of the RAM's address 
spaces BOFH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect bit 
option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user activates from the internal ROM 
code to turn off/on the RAM Protect by loading a bit 06 in 
the IMR register to either a 0 or a 1, respectively. A 1 in 06 
indicates RAM Protect enabled. 

ROM Protect. The first 8 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
dumping of the ROM contents by inhibiting execution of 
LDC, LOCI, LOE, and LDEI instructions to Program Memory 
in all modes. 

6-14 

The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 

Note: With RAM/ROM protect on even, the Z86C21 can
not access the memory space. 

Stack. The Z86C21 has a 16-bit Stack Pointer (R254-
R255) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 8192 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R4-R239). The high byte of the 
Stack Pointer (SPH-Bit 8-15) is used as a general-purpose 
register when using internal stack only. 



CounterfTimers. There are two 8-bit programmable 
counter/timers (TO-T1 ), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler is driven by inter
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 15). 

The 6-bit prescalers divides 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 
the counter and prescaler reach the end of the count, a 
timer interrupt request, IR04 (TO) or IRQ5 (T1 ), is gener
ated. 

The counter can be programmed to start, stop, restart to 
continue, or restart from the initial value. The counters can 

Clock 
Logic 

TIN P31 

Internal 
Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Z86C21 
ZS®MCU 

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 counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided by four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that is retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (Tour) through 
which TO, T1 or the internal clock is output. The counter/ 
timers are cascaded by connecting the TO output to the 
input of T1. 

Internal Data Bus 

Write 

Write 

TO 
Initial Value 

Register 

8-bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Read 

Read 

TO 
Current Value 

Register 

T1 
Current Value 

Register 

Figure 15. CounterfTimers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C21 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follow: four 
sources are claimed by Port 3, lines P33-P30; one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
16). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register. (Refer to Table 4.) 

All Z86C21 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis
ables all of the subsequent interrupts, save 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 
address of the interrupt service routine for that particular 
interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86C21 
ZS®MCU 

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. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request Register 
(IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IRQO-IRQ5 

6 

IPR 

Vector Select 

Figure 16. Interrupt Block Diagram 
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Clock. The Z86C21 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 = Input, XTAL2 =Output). The crystal should be AT 
cut, 1 MHz to 16 MHz max, and series resistance (RS) is 
less than or equal to 100 Ohms. The crystal should be 
connected across XTAL 1 and XTAL2 using the recom-

Z86C21 
ZB®MCU 

mended capacitors (10 pF <CL< 300 pF) from each pin 
11, ground instead of just system ground. This prevents 
noise injection into the clock input (Figure 17). 

Note: Actual capacitor value is specified by the crystal 
manufacturer. 

..-------1 XTAL 1 ..--~----1 XTAL 1 XTAL1 

- C1 I 
Pin11 = llJ 

.--------1 XTAL2 

C1I 
Pin ii = L 

~--'---' XTAL2 XTAL2 

C2I 
= Pin 11 

C2I 
= Pin 11 

Ceramic Resonator 
or Crystal 

LC Clock External Clock 

Figure 17. Oscillator Configuration 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The device 
is recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 5 µA (typical) or less. The STOP mode is terminated 
by a reset which causes the processor to restart the 
application program at address OOOC (HEX). 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode=OFFH) 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 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description 

Vee Supply Voltage* 
TsrG Storage Temp 
TA Oper Ambient Temp 

Notes: 
*Voltages on all pins with respect to GND. 
t See Ordering Information 

Min 

-0.3 
-65 

STANDARD TEST CONDITIONS 

Max 

+7.0 
+150 

t 

Units 

v 
oc 
oc 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 18). 
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Stress greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sec
tions of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

+5V 

2.1 Kn 

From Output t>-----.----~ 
Under Test 

Figure 18. Test Load Diagram 
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DC CHARACTERISTICS 

TA= 0°C TA= -4D°C Typical 
to +7D°C to +105°C at 

Sym Parameter Min Max Min Max 25°C Units Conditions 

Max Input Voltage 7 7 v llN < 250 µA 
VCH Clock Input High Voltage 3.8 vcc+0.3 3.8 vcc+0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 -0.3 0.8 v Driven by External Clock Generator 

VIH Input High Voltage 2 vcc+0.3 2.0 vcc+0.3 v 
V1L Input Low Voltage -0.3 0.8 -0.3 0.8 v 
VOH Output High Voltage 24 2.4 v 10H=-2.0 mA 

VOH Output High Voltage Vcc-100 mV Vcc-100 mV v IOH =-100 µA 
VOL Output Low Voltage 0.4 0.4 v l0L =+5.0 mA 
VRH Reset Input High Voltage 3.8 vcc+0.3 3.8 Vee +0.3 v 

VRI Reset Input Low Voltage -0.3 0.8 -0.3 0.8 v 
l1L Input Leakage -2 2 -2 2 µA VIN= OV, Vee 
IOL Output Leakage -2 2 -2 2 µA VIN= OV, Vee 

llR Reset Input Current -80 -80 µA VRL = ov 
ICC Supply Current 30 30 20 mA [1]@ 12 MHz 

35 35 24 mA [1]@ 16 MHz 

ICC1 Standby Current 6.5 6.5 4 mA [1] HALT mode V1N = OV, V cc@ 12 MHz 
7 7 4.5 mA [1] HALT mode V1N = OV, V cc@ 16 MHz 

ICC2 Standby Current 10 20 1 µA [1] STOP mode V1N = OV, Vee 
IALL Auto Latch Low Current -10 10 -14 14 5 µA 

Notes: 
[1] All inputs driven to either OVor V00 , outputs floating. 

II 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Diagram 

R//W 

Porto, /DM 

6-20 

Port 1 

/AS 

/DS 
(Read) 

Port 1 

/DS 
(Write) 

A7-AO D7- DO OUT 

Figure 19. External VO or Memory Read/Write Timing 

Z86C21 
ZS®MCU 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Table 

TA= 0°c to +70°C TA =-40°C to +105°C 
12 MHz 16 MHz 12 MHz 16MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 35 25 35 25 ns [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 35 45 35 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 250 180 250 180 ns [1,2,3] 
4 TwAS /AS Low Width 55 40 55 40 ns [2,3] 

5 TdAZ(DS) Address Float to /DS Fall 0 0 0 0 ns 
6 TwDSR /DS (Read) Low Width 185 135 185 135 ns [1,2,3] 
7 TwDSW IDS (Write) Low Width 110 80 110 80 ns [1,2,3] 
8 TdDSR(DR) /DS Fall to Read Data Req'd Valid 130 75 130 75 ns [1,2,3] 

9 ThDR(DS) Read Data to /DS Rise Hold Time 0 0 0 0 ns [2,3] 
10 TdDS(A) JDS Rise to Address Active Delay 65 50 65 50 ns [2,3] 
11 TdDS(AS) IDS Rise to /AS Fall Delay 45 35 45 35 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 25 ns [2,3] 

13 TdDS(R/W) IDS Rise to R//W Not Valid 50 35 50 35 ns [2,3] 
14 TdDW(DSW) Write Data Valid to /DS Fall (Write) Delay 35 25 35 25 ns [2,3] 
15 TdDS(DW) IDS Rise to Write Data Not Valid Delay 55 35 55 35 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 310 230 310 230 ns [1,2,3] 

17 TdAS(DS) /AS Rise to /DS Fall Delay 65 45 65 45 ns [2,3] 
18 TdDM(AS) /DM Valid to /AS Rise Delay 50 30 50 30 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 

Clock Dependent Formulas 
Standard Test Load Number Symbol Equation All timing references use 2.0V for a logic 1 and O.BV for a logic 0. 

1 TdA(AS) 0.40TpC + 0.32 
2 TdAS(A) 0.59TpC - 3.25 
3 TdAS(DR) 2.83TpC + 6.14 
4 TwAS 0.66TpC - 1.65 

6 TwDSR 2.33TpC - 10.56 
7 TwDSW 1.27TpC + 1.67 
8 TdDSR(DR) 1.97TpC - 42.5 
10 TdDS(A) O.BTpC 

11 TdDS(AS) 0.59TpC - 3.14 
12 TdR/W(AS) 0.4TpC 
13 TdDS(R/W) O.BTpC-15 
14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) O.BBTpC-19 
16 TdA(DR) 4TpC-20 
17 TdAS(DS) 0.91TpC-10.7 II 18 TdDM(AS) 0.9TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRON 

Figure 20. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

TA= 0°c to +7D°C 
12 MHz 16 MHz 

No Sym Parameter Min Max Min Max 

1 TpC Input Clock Period B3 1000 62.5 1000 
2 TrC,TfC Clock Input Rise & Fall Times 15 10 
3 TwC Input Clock Width 35 25 
4 TwTinL Timer Input Low Width 75 75 

5 TwTinH Timer Input High Width 3TpC 3TpC 
6 TpTin Timer Input Period BTpC BTpC 
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 

BA TwlL Interrupt Request Input Low Times 70 70 
BB TwlL Interrupt Request Input Low Times 3TpC 3TpC 
9 TwlH Interrupt Request Input High Times 3TpC 3TpC 

Notes: 
[1] Clock timing references use 3.8V for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic O. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 30. 
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TA =-4D°C to +105°C 
12 MHz 16 MHz 
Min Max Min Max 

B3 1000 62.5 1000 
15 10 

35 25 
75 75 

3TpC 3TpC 
BTpC BTpC 
100 100 

70 50 
3TpC 3TpC 
3TpC 3TpC 

Units 

ns 
ns 
ns 
ns 

ns 

ns 

Z86C21 
ZS®MCU 

Notes 

[1 J 
[1 J 
[1 J 
[2] 

[2] 
[2] 
[2] 

[2,4] 
[2,5] 
[2,3] 



AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In Next Data In Valid 

/DAV 
(Input) 

ROY 
(Output) 

Delayed DAV 

Figure 21. Input Handshake Timing 

1---------r----------------
Data Out Data Out 'k.lid Next Data Out Valid 

1---------r----------------

/DAV 
(Output) 

RDY 
(Input) 

Figure 22. Output Handshake Timing 

AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°C to +70°C 
12 MHz 16 MHz 

No Sym Parameter Min Max Min Max 

1 TsDl(DAV) Data In Setup Time 0 0 
2 ThDl{DAV) Data In Hold Time 145 145 
3 TwDAV Data Available Width 110 110 
4 TdDAVl{RDY) DAV Fall to RDY Fall Delay 115 115 

5 TdDAVld{RDY) DAV Rise to RDY Rise Delay 115 115 
6 TdRDYO(DAV) RDY Rise to DAV Fall Delay 0 0 
7 TdDO(DAV) Data Out to DAV Fal I Delay TpC TpC 
8 TdDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 

9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 
10 TwRDY RDYWidth 110 110 
11 TdRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 

\ Delayed DAV 

'---------1---

TA= -40°C to+ 105°C 
12 MHz 16 MHz 
Min Max Min Max 

0 0 
145 145 
110 110 

115 115 

115 115 
0 0 

TpC TpC 
0 0 

115 115 
110 110 

115 115 

Z86C21 
ZS®MCU 

Data 
Direction 

IN 
IN 
IN 
IN 

IN 
IN 

OUT 
OUT 

OUT 
OUT 
OUT 
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ZS CONTROL REGISTER DIAGRAMS 

R240 SIO 

R241 TMR 

R242T1 

6-24 

Serial Data (DO = LSB) 

Figure 23. Serial VO Register 
(FOH: Read/Write) 

No Function 
Load TO 

Disable TO Count 
Enable TO Count 

No Function 
LoadT1 

o Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
oo External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
00 Not Used 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 24. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 

Figure 25. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243 PRE1 

R244 TO 

R245 PREO 

Count Mode 
o T1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 

Z86C21 
ZS®MCU 

O T1 External Timing Input 
(T1N) Mode 

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

Figure 26. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00HEX) 

TO Current Value 
(When Read) 

Figure 27. Counter/Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
o TO Single Pass 
1 TO Modulo N 

Reserved (Must be 0) 

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

Figure 28. Prescaler 0 Register 
(F5H: Write Only) 



R246 P2M 

R247 P3M 

P2o - P27 1/0 Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 

Figure 29. Port 2 Mode Register 
(F6H: Write Only) 

ID1 I De I D5 I D4 I D3 I D2 I D1 I DO I 
0 Port 2 Open Drain 
1 Port 2 Push-pull 

Reserved (Must be 0) 

O P32 =Input 
P35 =Output 
P32 = IDAVO/RDYO 
P35 = RDYOllDAVO 

00 P33 = Input 
P34 =Output 

01} P33 = Input 
10 P34=/DM 
11 P33 = IDAV1/RDY1 

P34 = RDY1/IDAV1 

P31 =Input (TIN) 
P36 = Output (TOUT) 
P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

0 P30 =Input 
P37 =Output 
P30 = Serial In 
P37 = Serial Out 

o ParityOff 
1 Parity On 

Figure 30. Port 3 Mode Register 
(F7H: Write Only) 

Z86C21 
ZS®MCU 

R248 P01M 

R249 IPR 

POo - POo Mode 
00 Output 
01 Input 
1X A11-Ail 

Stack Selection 
O External 
1 Internal 

P17 - P1o Mode 
00 Byte Output 
01 Byte Input 
tO AD1 - ADo 
t 1 High-Impedance AD7 DAo, 

/AS, /DS, /R//V>I, A11 - As, 
A15- A12, If Selected 

External Memory Timing 
O Normal 
1 Extended 

P07 - P04 Mode 
00 Output 
01 Input 
1X A 1s- A12 

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

I 01 I De I 05 I 04 I 03 I D2 I 01 I DO I 
-,- L_ l 

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

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

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

IR03, IRQS Priority (Group A) 
0 IRQ5 > IRQ3 
1 IRQ3 > IRQ5 

Reserved (Must be O) 

Figure 32. Interrupt Priority Register 
(F9H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

R250 IRQ 

R251 IMR 

IRQO = P32 Input (DO = IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 =TO Serial Output 
IRQ5 =T1 

Reserved (Must be O) 

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

lmloolml~lmlml~lool 

11.___ - 1 Enables IROS·IRQO 
(Do= IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

R252 FLAGS 

6-26 

Figure 34. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 35. Flag Register 
(FCH: Read/Write) 

R253 RP 

lwloolml~loolml~lool 

111.....___1 -
~4 }Reserved (Must be O) 

rS Register Pointer 

r6 

r7 

R254 SPH 

R255 SPL 

Figure 36. Register Pointer Register 
(FDH: Read/Write) 

Stack Pointer Upper 
Byte (SP15. SPe) 

Figure 37. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 • SPo) 

Figure 38. Stack Pointer Register 
(FFH: Read/Write) 



INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

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

ZB6C21 
ZB®MCU 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus S=O 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XOR 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 [Z OR (S XOR V)) = 1 

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

6-28 



INSTRUCTION FORMATS 

Z86C21 
ZS®MCU 

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

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src OR I 111 0 I dst/src I DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, ARC, SRA, SWAP 

OPC I OR I 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, GP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dsVsrc src/dst 
LDC, LOCI 

dsVsrc OPC LD 

OR I 1110 I src 

dst OPC LD 

dsVCC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst t- dst + src 

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

OPC l MODE ADC, ADD, AND, GP, 

src OR 111 0 src 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC I MODE ADC, ADD, AND, GP, 

dst OR I 111a1 dst 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE l OPC LD 

src OR 111 0 src 

dst OR 111 0 dst 

MODE l OPC LO 

dsVsrc J x 

ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 
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•z;u::n; Z86C21 
ZS®MCU 

INSTRUCTION SUMMARY (Continued) 

Address Flags Address Flags 
Instruction Mode Opcode Affected Instruction Mode Opcode Affected 
and Operation dst src Byte (Hex) C Z s v D H and Operation dst src Byte (Hex) C Z s v D H 

NOP FF STOP 6F 

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

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

~ 
IA F1 

SP+-SP + 1 ! 1 o I 

PUSHsrc R 70 - - - - - -
SP+-SP-1; IA 71 TCM dst, src t 6[ l - * * 0 

- -
@SP+-src (NOT dst) 

ANDsrc 
RCF CF 0 - - - - -
C+--0 TMdst,src t 7[ l - * * 0 

- -
dstAND src 

RET AF - - - - - -
PC+-@SP; XOR dst, src t B[] - * * 0 

- -
SP+-SP + 2 dst+-dst 

XOR src 
RLdst R 90 * * * * - -
~ IR 91 

t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 

RLCdst R 10 * * * * - - set table above. The second nibble is expressed symbolically by a '[ ]' 
in this table, and its value is found in the following table to the left of the 

L0=([5j:J IA 11 applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 

RRdst R EO * * * * - - modes r (destination) and Ir (source) is 13. 

4JL:[Ej]J IR E1 

Address Mode Lower 

RRCdst R co * * * * - - dst src Opcode Nibble 

~ IR C1 
[2] 

SBC dst, src t 3[ l * * * * 1 * dst+-dst+-src+-C Ir [3] 

SCF DF 1 - - - - - R R [4] 

C+--1 
R IR [5] 

SRAdst R DO * * * 0 
- -

@ IR 01 R IM [6] 

IA IM [7] II SRP src Im 31 - - - - - -
RP+-src 
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't'2H.m 
OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADD ADD 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

RLC RLC ADC ADC ADC 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

2 INC INC SUB SUB SUB 

R1 IR1 r1, r2 r1, lr2 R2, R1 
8.0 6.1 6.5 6.5 10.5 

3 JP SRP SBC SBC SBC 

IRR1 IM r1, r2 r1, lr2 R2,R1 
8.5 8.5 6.5 6.5 10.5 

4 DA DA OR OR OR 

R1 IR1 r1, r2 r1, lr2 R2,R1 
10.5 10.5 6.5 6.5 10.5 
POP POP AND AND AND 

R1 IR1 r1, r2 r1, lr2 R2,R1 
6.5 6.5 6.5 6.5 10.5 

6 COM COM TCM TCM TCM 

i R1 IR1 r1, r2 r1, lr2 R2,R1 

e. 10/12.1 12/14.1 6.5 6.5 10.5 

.!! 7 PUSH PUSH TM TM TM 

R2 IR2 r1, r2 r1, lr2 R2,R1 .a .a z 10.5 10.5 12.0 18.0 
DECW DECW LOE LDEI 

RR1 IR1 r1 lrr2 lr1 lrr2 
6.5 6.5 12.0 18.0 

i 8 

CL 
:::> 

9 RL RL LOE LDEI 
R1 IR1 r2 lrr1 lr2 lrr1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 

RR1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

B CLR CLR XOR XOR XOR 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 12.0 18.0 

c RRC RRC LDC LOCI 

R1 IR1 r1, lrr2 lr1, lrr2 
6.5 6.5 12.0 18.0 20.0 

D SRA SRA LDC LOCI CALL• 

R1 IR1 r1, lrr2 lr1, lrr2 IRR1 
6.5 6.5 6.5 10.5 

E RR RR LD LD 

R1 IR1 r1, IR2 R2, R1 
8.5 8.5 6.5 

F SWAP SWAP LD 
R1 IR1 lr1, r2 

y 

2 

Execution 
Cycles 

First 
Operand 

6-32 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1,IM IR1,IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LD 

DA r2,x,R1 
10.5 10.5 10.5 
LD LD LD 

IR2, R1 R1, IM IR1, IM 
10.5 
LD 

R2, IR1 
~ t 

y 

3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c D 

12/10.5 12/10.0 6.5 12.10.0 
DJNZ JR LD JP 

r1, RA cc, RA r1,IM cc, DA 

~ l • l 

y 

2 3 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Dst Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: Blank areas not defined. 

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

E 

6.5 
INC 

r1 

~ 

Z86C21 
ZS®MCU 

F 

t---

I---

t---

1---

1---

'"6:o 
STOP 

~ 
HALT 

'"Ei:-;-
DI 

i--e.;-
El 

'"14:Q-i 
RET 

~ 
IRET 

f-e.5 
RCF 

ts:s 
SCF 

t-s:5 
CCF 

f-e,o 
NOP 

~ 



PACKAGE INFORMATION 

El 

SYMBOL 
MILLIMETER INCH 

HIN MAX HIN MAX 
Al O.Sl 0.91 .020 .032 
A2 3.25 3.43 .128 .135 
B 0.38 0.53 .015 .021 
Bl 102 L52 010 .060 
c O:f3 0.39 .009 .DIS 
D 52.07 52.58 2.050 2.070 

~:!I~ 
~Al 

S 1!1 B Bl 

[ 15.24 15.75 .600 .620 
El 13.59 14.22 .53'5i .560 

11!1 2.54 TYP .100 TYP 
oA 15.49 16.51 .610 .650 

L 3.IB 3.81 .125 .150 
•QI 1.52 (.91 .060 .075 

s 1.se 2.29 .060 .090 

CONTROLLING DIMENSIONS • INCH 

40-Pin PDIP Package Diagram 

45• 

t----D---_, 

Dl----11 

40 

I 
+ El E 

'--c:n::n::n::rl w 
28 

NOTES• 
I. CONTROLLING DIMENSIDNS • JNCH 
2. LEADS ARE COPLANAR \JlTH!N .004 JN. 
3. D!MENS!DN • _MIL 

!NCH 

,
~ 
.048/.042 

A 

SYMBOL 

A 

Al 

DIE 

Dl/El 

02 

II 

Al 

~ 
.026/.020 

_[B 

t 
_[~ D2 

t 
~ 

R LliLo.M 
.045/.025 

MlLLIMETe:R 

MIN MAX 

4.27 4.57 

2.67 2.92 
17.40 17.6:5 

16.51 16.66 

15.24 16.00 
1.27 TYP 

INCH 

MIN MAX 

.168 .180 

.105 .115 

.685 .695 

.650 .656 

.600 .630 
.050 TYP 

44-Pin PLCC Package Diagram 

Z86C21 
ZS®MCU 
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PACKAGE INFORMATION (Continued) 

22 

I ·-·-·-·-·-;-·-·-·-·-· E 

i 
i 
i 
i 

··~---.~;:;::y:;:;::;::;:;::;i;::r;::;:r;:;;::;:;:~t::::::~l~__j 

b 

NOTES• 
1. CONTROLLING DIMENSIONS • MILLIMETER 
2. LEAD CDPLANARITY ' MAX JD. mm 

.004" 

HE 

SYMBOL 

Al 

A2 

b 

c: 
HD 

D 
HE 

E 

Ir.I 
L . 

MILLIMETER 

MIN MAX 

0.05 0.25 

2.00 2.25 

0.25. 0.45 

0.13 020 

13.70 14.30 

9.90 10.10 

13.70 14.30 

9.90 10.10 

0.80 TYP 

0,60 L20 

44-Pin QFP Package Diagram 

6-34 

c: 

o·-12• 

INCH 

MIN MAX 

.002 .010 

.078 .089 

.010 .018 

.005 .008 

.539 .563 

.390 .398 

.539 .563 

.390 .398 

.031 TYP 

.024 .047 

L 

Z86C21 
ZS®MCU 



ORDERING INFORMATION 

Z86C21 

12MHz 
40-pin DIP 
Z86C2112PSC 
Z86C2112PEC 

16 MHz 
40-pin DIP 
Z86C2116PSC 

44-pin PLCC 
Z86C2112VSC 
Z86C2112VEC 

44-pin PLCC 
Z86C2116VSC 

44-pin QFP 
Z86C2112FSC 
Z86C2112FEC 

44-pin QFP 
Z86C2116FSC 

For fast results, contact your local Zilog Sales Office for assistance in ordering the part desired. 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 

Temperature 
s = 0°c to +70°C 
E = -40°C to 105°C 

Speed 
12= 12MHz 
16 = 16 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 89C21 12 P S C 

Ult 
is a Z89C21, 12 MHz, DIP, 0°c to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C21 
ZS®MCU 
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ZB&E21 CMOS ZS® 111 

BK OTP Microcontroller 
I 

ZB&C61/62/96 CMOS ZS® 
Microcontroller 

ZB&C63/64 32K ROM ZS® 
CMOS Microcontroller 

ZB&C91 CMOS ZS® 
ROMless Microcontroller 

ZB&C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products 

Superintegration™ 
Products Guide 

Zilog•s Literature Guide 
Ordering Information 





FEATURES 

• S-Bit CMOS Microcontroller 

• 40-Pin DIP, 44-Pin PLCC, or 44-Pin QFP Package 

• 4.5V to 5.5V Operating Range 

• Low Power Consumption - 275 mW (max) 

• Fast Instruction Pointer - 1 .0 ms @ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 32 Input/Output Lines 

• Full-Duplex UART 

• All Digital Inputs are TTL Levels 

• Auto Latches 

• High Voltage Protection on High Voltage Inputs 

GENERAL DESCRIPTION 

The ZS6E21 microcontroller (MCU) introduces the next 
level of sophistication to single-chip architecture. The 
ZS6E21 is a member of the ZS® single-chip microcontroller 
family with S Kbytes of EPROM and 236 bytes of general 
purpose RAM. 

The ZS6E21 is a pin compatible, One-Time-Programmable 
(OTP) version of the ZS6C21. The ZS6E21 contains S 
Kbytes of EPROM memory in place of the S Kbytes of ROM 
on the ZS6C21. 

The MCU is housed in a 40-pin DIP, 44-pin PLCC, or a 
44-pin QFP, and is manufactured in CMOS technology. 
The ROM less pin option is available on the 44-pin versions 
only. The MCU can address both external memory and 
preprogrammed ROM which enables this ZS microcontrol-

PRODUCT SPECIFICATION 

Z86E21 
CMOS Z8® MICROCONTROLLER 
WITH BK OTP 

• RAM and EPROM Protect 

• S Kbytes of EPROM 

• 256 Bytes Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes of Control and Status Registers 
- 4 Bytes for Ports 

• Two Programmable S-Bit Counter/Timers Each 
with 6-Bit Programmable Prescaler 

• Six Vectored, Priority Interrupts from Eight 
Different Sources 

• Clock Speeds 12 and 16 MHz 

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

ler to be used in high-volume applications or where code 
flexibility is required. 

Zilog's CMOS microcontroller offers fast execution, effi
cient use of memory, sophisticated interrupts, input/output 
bit manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 

The ZS6E21 architecture is based on Zilog's S-bit 
microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features thatare useful in many industrial 
and advanced scientific applications. 
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GENERAL DESCRIPTION (Continued) 

Z86E21 
MCU WITH BK OTP 

For applications which demand powerful 1/0 capabilities, 
the Z86E21 offers 32 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of eight lines, and is configurable under software control to 
provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 

a large number of user selectable modes, and 
a universal asynchronous receiver/transmitter (UART) 
(Figure 1). 

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

There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 

Power connections follow conventional descriptions below: 

Connection Circuit 

To unburden the program from coping with real-time 
problems such as counting/timing and serial data commu
nication, the Z86E21 offers two on-chip counter/timers with 

Power 
Ground 

7-2 

Output Input 

UART 

Counter/ 
Timers 

(2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

Vee 

i 
GND 

i 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Address or 110 
(Nibble Programmable) 

XTAL /AS IDS R//W /RESET 

Machine Timing and 
Instruction Control 

Address/Data or 1/0 
(Byte Programmable) 

Figure 1. Functional Block Diagram 

Device 



~z;u:a; Z86E21 
MCU WITH SK OTP 

PIN DESCRIPTION 
Standard Mode 

Table 1. 40-Pin DIP Pin Identification 

II vcc 40 P36 (Standard Mode) 
XTAL2 2 39 P31 

Pin # Symbol Function Direction 
XTAL1 3 38 P27 

P37 4 37 P26 
1 Vee Power Supply Input 
2 XTAL2 Crystal, Oscillator Clock Output 

P30 5 36 P25 3 XTAL1 Crystal, Oscillator Clock Input 

/RESET 6 35 P24 4 P37 Port 3, Pin 7 Output 

RI/IN 7 34 P23 
5 P30 Port 3, Pin 0 Input 

/DS 8 33 P22 6 /RESET Reset Input 
7 R/!W Read(Write Output 

/AS 9 32 P21 8 /OS Data Strobe Output 
Z86E21 

P35 10 DIP 31 P20 9 /AS Address Strobe Output 

GND 11 30 P33 10 P35 Port 3, Pin 5 Output 

P32 12 29 P34 11 GND Ground Input 

POO 13 28 P17 12 P32 Port 3, Pin 2 Input 
13-20 P07-POO Port 0, Pins 0, 1,2,3,4,5,6, 7 In/Output 

P01 14 27 P16 21-28 P17-P10 Port 1, Pins 0, 1,2,3,4,5,6, 7 In/Output 
P02 15 26 P15 29 P34 Port 3, Pin 4 Output 

P03 16 25 P14 30 P33 Port 3, Pin 3 Input 

P04 17 24 P13 31-38 P27-P20 Port 2, Pins 0, 1,2,3,4,5,6,7 In/Output 

P12 
39 P31 Port 3, Pin 1 Input 

P05 18 23 
40 P36 Port 3, Pin 6 Output 

P06 19 22 P11 

P07 20 21 P10 

Figure 2. 40-Pin DIP Pin Assignments 
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PIN DESCRIPTION (Continued) 
Standard Mode 

/RESET 7 

R//W 8 

IDS 9 

/AS 10 

P35 11 

GND 12 

P32 13 

POO 14 

P01 15 

P02 16 

R//RL 17 

~ "' 
0 

~ 
..J ..J 

~ ~ ~ ~ ~ ~ l'2 l2 ~ ~ z 
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39 

• 38 

37 

36 

35 
Z86E21 34 
PLCC 

33 

32 

31 

30 

29 
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Figure 3. 44-Pin PLCC Pin Assignments 

NC 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Table 2. 44-Pin PLCC Pin Identification (Standard Mode) 

Pin # Symbol Function Direction Pin# Symbol Function 

1 Vee Power Supply Input 14-16 P02-POO Port 0, Pins 0, 1,2 
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL ROM/ROMless control 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 P07-P03 Port 0, Pins 3,4,5,6, 7 
4 P37 Port 3, Pin 7 Output 23-27 P10-P14 Port 1, Pins 0, 1,2,3,4 

5 P30 Port 3, Pin 0 Input 28 N/C Not Connected 
6 N/C Not Connected Input 29-31 P17-P15 Port 1, Pins 5,6,7 
7 /RESET Reset Input 32 P34 Port 3, Pin 4 
8 R//W Read/Write Output 33 P33 Port 3, Pin 3 

9 /DS Data Strobe Output 34-38 P24-P20 Port 2, Pins 0, 1,2,3,4 
10 /AS Address Strobe Output 39 N/C Not Connected 
11 P35 Port 3, Pin 5 Output 40-42 P27-P25 Port 2, Pins 5,6,7 
12 GND Ground Input 43 P31 Port 3, Pin 1 
13 P32 Port 3, Pin 2 Input 44 P36 Port 3, Pin 6 

7-4 
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Direction 

In/Output 
Input 
In/Output 
In/Output 

Input 
In/Output 
Output 
Input 

In/Output 
Input 
In/Output 
Input 
Output 



Pin # Symbol 

1-5 P07-P03 
6 GND 
7-14 P17-P10 
15 P34 

16 P33 
17-21 P24-P20 
22 GND 
23-25 P27-P25 

26 P31 
27 P36 
28 GND 
29 Vee 
30 XTAL2 

/RESET 

R//W 

IDS 

/AS 

P35 

GND 

P32 

POO 

P01 

P02 

R//RL 

[ 

[ 

[ 
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II 
II 
II 

I 
II 

n n n n n n n n 
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Figure 4. 44-Pin QFP Pin Assignments 

II J 
II J 
II J 

I J 
II J 
II J 

GND 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 
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Table 3. 44-Pin QFP Pin Identification (Standard Mode) 

Function Direction Pin # Symbol Function Direction 

Port 0, Pins 3,4,5,6,7 In/Output 31 XTAL1 Crystal, Oscillator Clock Input 
Ground Input 32 P37 Port 3, Pin 7 Output 
Port 1, Pins 0, 1,2,3,4,5,6,7 In/Output 33 P30 Port 3, Pin 0 Input 
Port 3, Pin 4 Output 34 /RESET Reset Input 

Port 3, Pin 3 Input 35 R/NV Read{l!Vrite Output 
Port 2, Pins 0, 1,2,3,4 In/Output 36 /DS Data Strobe Output 
Ground Input 37 /AS Address Strobe Output 
Port 2, Pins 5,6,7 In/Output 38 P35 Port 3, Pin 5 Output 

Port 3, Pin 1 Input 39 GND Ground Input 
Port 3, Pin 6 Output 40 P32 Port 3, Pin 2 Input 
Ground Input 41-43 P02-POO Port 0, Pins 0, 1,2 In/Output 
Power Supply Input 44 R//RL ROM/ROMless control Input 
Crystal, Oscillator Clock Output 
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PIN DESCRIPTION (Continued) 
EPROM Mode 

Table 4. 40-Pin DIP Pin Identification 
vcc 40 N/C 

N/C 2 39 /OE Pin# Symbol Function Direction 

XTALl 3 38 /PGM 1 Vee Power Supply Input 

N/C 4 37 N/C 2 N/C Not Connected Input 
3 XTAL1 Crystal, Oscillator Clock Input 

/CE 5 36 N/C 4 N/C Not Connected Input 
/RESET 6 35 A12 

5 /CE Chip Enable Input 
N/C 7 34 All 6 /RESET Reset Input 
N/C 8 33 A10 7-10 N/C Not Connected Input 

N/C 9 32 A9 11 GND Ground Input 

N/C 10 Z86E21 
31 A8 12 EPM EPROM Prog Mode Input DIP 

GND 11 30 VPP 13-20 A7-AO Address O, 1,2,3,4,5,6, 7 Input 

N/C 
21-28 D7-DO Data 0, 1,2,3,4,5,6, 7 In/Output 

EPM 12 29 
29 N/C Not Connected Input 

AO 13 28 07 30 vpp Prog Voltage Input 

A1 14 27 06 
31-35 A12-A8 Address 8,9, 10, 11, 12 Input 

A2 15 26 05 36-37 N/C Not Connected Input 

A3 16 25 04 38 /PGM Prog Mode Input 

A4 17 24 03 39 /OE Output Enable Input 
40 N/C Not Connected Input 

AS 18 23 02 

A6 19 22 Dl 

A7 20 21 DO 

Figure 5. 40-Pin DIP Pin Assignments 
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Figure 6. 44-Pin PLCC Pin Assignments 

Table 5. 44-Pin PLCC Pin Identification 

Pin# Symbol Function Direction Pin # Symbol Function Direction 

1 Vee Power Supply Input 18-22 A7-A3 Address 3,4,5,6,7 Input 
2 N/C Not Connected Input 23-27 D4-DO Data 0, 1,2,3,4 In/Output 
3 XTAL1 Crystal, Oscillator Clock Input 28 N/C Not Connected Input 
4 N/C Not Connected Input 29-31 D7-D5 Data 5,6,7 In/Output 

5 /CE Chip Enable Input 32 N/C Not Connected Input 
6 N/C Not Connected Input 33 vpp Prog Voltage Input 
7 /RESET Reset Input 34-38 A12-A8 Address 8,9, 10, 11, 12 Input 
8-11 N/C Not Connected Input 39-41 N/C Not Connected Input 

12 GND Ground Input 42 /PGM Prog Mode Input 
13 EPM EPROM Prog Mode Input 43 /OE Output Enable Input 
14-16 AO-A2 Address 0, 1,2 Input 44 N/C Not Connected Input 
17 N/C Not Connected Input 
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PIN DESCRIPTION (Continued) 
EPROM Mode 

Pin # Symbol 

1-5 A7-A3 
6 N/C 
7-11 D4-DO 
12-14 D7-D5 

15 N/C 
16 vpp 

17-21 A8-A12 
22-24 N/C 

25 /PGM 
26 /OE 
27 N/C 
28 N/C 

7-8 

/RESET 

N/C 

N/C 

N/C 

N/C 

GND 

EPM 

AO 

A1 

A2 

N/C 

[ 
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Figure 7. 44-Pin QFP Pin Assignments 

Table 6. 44-Pin QFP Pin Identification 

Direction Pin# Symbol 

Address 3,4,5,6,7 Input 29 Vee 
Not Connected Input 30 N/C 
Data 0, 1,2,3,4 31 XTAL1 
Data 5,6,7 In/Output 32 N/C 

Not Connected Input 33 /CE 
Prog Voltage Input 34 /RESET 
Address 8,9, 10, 11, 12 Input 35-38 N/C 
Not Connected Input 39 GND 

Prog Mode Input 40 EPM 
Output Enable Input 41-43 A2-AO 
Not Connected Input 44 N/C 
Not Connected Input 

II J 

Function 

N/C 

A12 

A11 

A10 

A9 

AS 

VPP 

N/C 

D7 

D6 

D5 

Power Supply 
Not Connected 

Z86E21 
MCU WITH SK OTP 

Direction 

Input 
Input 

Crystal, Oscillator Clock Input 
Not Connected Input 

Chip Enable Input 
Reset Input 
Not Connected Input 
Ground Input 

EPROM Prog Mode Input 
Address 0, 1,2 Input 
Not Connected Input 



PIN FUNCTIONS 

ROMless (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C91 ROM less ZS. For more details on the 
ROMless version, refer to the Z86C91 product specifica
tion. 

Note: When left unconnected or pulled high to Vee• the part 
will function as a normal Z86E21 EPROM version. This pin 
is only available on the 44-pin versions of the Z86E21. 

/OS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /OS. For 
WRITE operations, the falling edge of /OS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 

XTAL2, XTAL 1 Crystal 2, Crystal 1 (time-based input and 
output, respectively}. These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86E21 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 

On the fifth clock after the /RESET is detected, an internal 
AST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /OS is 
held active Low while /AS cycles at a rate of TpC/2. When 
/RESET is deactivated, program execution begins at loca
tion OOOC (HEX). Power-up reset time must be held low for 
50 ms, or until Vee is stable, whichever is longer. 

Port 0 (PO?-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TIL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address portfor interfacing external memory. 

Z86E21 
MCU WITH SK OTP 

When used as an 1/0 port. Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 

For external memory references, Port O can provide ad
dress bits A 11 AS (lower nibble) or A 15-AS (lower and 
upper nibbles) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port 0 can be programmed independently as 1/0 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. 

In ROMless mode, after a hardware reset, Port 0 lines are 
defined as address lines A 15-AS, and extended timing is 
set to accommodate slow memory access. The initializa
tion routine can include reconfiguration to eliminate this 
extended timing mode (Figure 8). 

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TIL compatible port. It has multiplexed Ad
dress (A7-AO) and Data (07-DO) ports. For Z86E21, these 
eight 1/0 lines can be programmed as input or output lines 
or are configured under software control as an address/ 
data port for interfacing external memory. When used as 
an 1/0 port, Port 1 can be placed under handshake control. 
In this configuration, Port 3 lines, P33 and P34, are used as 
the handshake controls RDY1 and /DAV1. 

Memory locations greater than 8192 are referenced through 
Port 1. To interface external memory, Port 1 must be 
programmed for the multiplexed Address/Data mode. If 
more than 256 external locations are required, Port 0 must 
output the additional lines. 

Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /OS, and R//W, allowing the MCU to share 
common resources in multiprocessor and OMA applica
tions. Data transfers are controlled by assigning P33 as a 
Bus Acknowledge input, and P34 as a Bus Request output 
(Figure 9). 
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PIN FUNCTIONS (Continued) 

OEN 

Out 

TIL Level Shifter 

In 

7-10 

r --------------------' I I Auto Latch 
I 
I 
I I R=500kQ I 
~------------------------~ 

Figure 8. Port 0 Configuration 

PAD 
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OEN 

Out 

In 

MCU 

Port 1 
(AD7-ADO) 

} 
Handshake Controls 

1----t1~ /DAV1 and RDY1 
(P33 and P34) 

TTL Level Shifter 

-------------------- i 
I 

I Auto Latch 
I 
I 
I 

I R~500kil I 
~------------------------~ 

Figure 9. Port 1 Configuration 

PAD 

Z86E21 
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PIN FUNCTIONS (Continued) 

Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, bi
directional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input or 
output, or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, 
Port 2 can be placed under handshake control. In this 

Open-Drain 

OEN 

Out 

TIL Level Shifter 

In 

Z86E21 
MCU WITH SK OTP 

configuration, Port 3 lines P31 and P36 are used as the 
handshake control lines /DAV2 and RDY2. The handshake 
signal assignmentfor Port 3 lines, P31 and P36, is dictated 
by the direction (input or output) assigned to P27 
(Figure 10 and Table 7). 

PAD 

-------------------- i 

7-12 

I 
I 
I 
I 
I 
I 

I R=500k.Q I 
~------------------------~ 

Figure 1 o. Port 2 Configuration 

Auto Latch 



Port 3 (P37-P30). Port 3 is an 8-bit, CMOS compatible four
fixed input and four-fixed output port. These eight 1/0 lines 
have four-fixed (P33-P30) input and four-fixed (P37-P34) 

MCU 

Z86E21 
MCU WITH SK OTP 

output ports. Port 3, when used as serial 1/0, is pro
grammed as serial in and serial out, respectively 
(Figure 11 ). 

Port3 
(1/0 or Control) 

Figure 11. Port 3 Configuration 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0 and 2 
(/DAV and RDY); four external interrupt request signals 

(IRQ3-IRQO); timer input and output signals (T1N and TouT), 
Data Memory Select (/DM) and EPROM control signals 
(P30 =/CE, P31 =/OE, P32 = EPM and P33 = vpp)· 

Table 7. Port 3 Pin Assignments 

Pin 1/0 CTC1 Int. POHS P1 HS P2HS UART Ext EPROM 

P30 IN IRQ3 Serial In /CE 
P31 IN TIN IRQ2 D/R /OE 
P32 IN IRQO D/R EPM 
P33 IN IRQ1 D/R vpp 

P34 OUT R/D DM 
P35 OUT R/D 
P36 OUT TOUT R/D 
P37 OUT Serial Out 
TO IRQ4 
T1 IRQ5 

Notes: 
HS = Handshake Signals 
D = Data Available 
R =Ready 
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UART OPERATION 

Port 3 lines, P37 and P30, are programmed as serial 1/0 
lines for full-duplex serial asynchronous receiver/trans
mitter operation. The bit rate is controlled by Counter/ 
TimerO. 

The Z86E21 automatically adds a start bit and two stop 
bits to transmitted data (Figure 12). Odd parity is also 
available as an option. Eight data bits are always transmit-

Transmitted Data (No Parity) 

Transmitted Data (With Parity) 

Start Bit 

Eight Data Bits 

Two Stop Bits 

Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

Z86E21 
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ted, regardless of parity selection. If µarity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Received data must have a start bit, eight data bits, and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Received Data (No Parity) 

Received Data (With Parity) 

Start Bit 

Eight Data Bits 

One Stop Bit 

Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 12. Serial Data Formats 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not driven by any source. 

ADDRESS SPACE 

Program Memory. The Z86E21 can address 56 Kbytes of 
external program memory (Figure 13). The first 12 bytes of 
program memory are reserved for the interrupt vectors. 
These locations contain six 16-bit vectors that correspond 
to the six available interrupts. For EPROM mode, byte 13 
to byte 8191 consists of on-chip EPROM. At addresses 

7-14 

Note: P33-P30 inputs differ from the Z86C21 because 
there is no clamping diode to Vee due to the EPROM high 
voltage detection circuits. Exceeding the V1H maximum 
specification during standard operating mode may cause 
the device to enter EPROM mode 

8192 and above, the Z86E21 executes external program 
memory fetches. In ROMless mode, the Z86E21 can ad
dress up to 64 Kbytes of program memory. Program 
execution begins at external location OOOC (HEX) after 
a reset. 



65 535 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

6 

6 

192 

191 

-<-11 

10 

9 

6 

7 

6 

5 

-
~ 

I"'-
IA""" ...!-1 

3 

2 

1 

0 

External 
ROM and RAM 

On-Chip PROM 

- - - - - - ~ 

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 13. Program Memory Configuration 

Data Memory (/DM). The EPROM version can address up 
to 56 Kbytes of external data memory space beginning at 
location 8192. The ROMless version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional 1/0 function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 14). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode refer
ences PROGRAM (/DM inactive) memory, and an LDE 
instruction references DATA (/DM active Low) memory. 

Register File. The register file consists of four 1/0 port 
registers, 236 general-purpose registers, and 16 control 
and status registers (Figure 15). The instructions can 

Z86E21 
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access registers directly or indirectly through an 8-bit 
address field. The Z86E21 also allows short 4-bit register 
addressing using the Register Pointer (Figure 16). 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. 

Stack. TheZ86E21hasa16-bitStackPointer(R255-R254) 
used for external stacks that reside anywhere in the data 
memory for the ROMless mode, but only from 8192 to 
65535 in the EPROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH Bits 15-8) can be use as a general 
purpose register when using internal stack only. 

65535 

6192 

6191 

0 

External 
Data 

Memory 

Not Addressable 

Figure 14. Data Memory Configuration 
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ADDRESS SPACE (Continued) 

LOCATION 

R255 

R254 

R253 

R252 

R251 

7-16 

R250 

R249 

R248 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 

R239 

R4 

R3 

R2 

R1 

RO 

Stack Pointer (Bits 7-0) 

Stack Pointer (Bits 15-8) 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port 3 Mode 

Port 2 Mode 

TO Prescaler 

Timer/CounterO 

T1 Prescaler 

Timer/Counter1 

Timer Mode 

Serial 1/0 

General-Purpose 
Registers 

Port3 

Port2 

Port 1 

Port 0 

Figure 15. Register File 

IDENTIFIERS 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 

2F 

20 
1F 

10 
OF 

00 

l 
r7 r6 rs r4 r3 r2 r1 ro 
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R253 
(Register Pointer) 

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

Specified Working 
Register Group 

I 

~ 

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

Register Group 1 

Register Group 0 

~-----------------1/0 Ports 

~ R15toRO 

R15 to R4 

R3 to RO 

Figure 16. Register Pointer 



FUNCTIONAL DESCRIPTION 

CounterfTimers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler is driven by inter
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 17). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1to256)thathas been loaded into the counter. When both 
the counters and prescalers reach the end of the count, 
a timer interrupt request, IR04 (TO) or IR05 (T1 ), is 
generated. 

The counter is programmed to start, stop, restart to con
tinue, or restart from the initial value. The counters can also 

Z86E21 
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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 counter, 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 sig
nal input through Port 3. The Timer Mode register config
ures the external timer input (P31) as an external clock, a 
trigger input that can be retriggerable or non-retriggerable. 
or as a gate input for the internal clock. Port 3 line P36 also 
serves as a timer output (T ourl through which TO, T1, or the 
internal clock can be output. The counter/timers are cas
caded by connecting the TO output to the input of T1. 

Internal Data Bus 

Write Read 

PREO TO TO 
Initial Value Initial Value Current Value 

Register Register Register 

6-Bit 8-bit 
Down Down 

Counter Counter IRQ4 
Internal 
Clock Serial 1/0 

Clock 

TOUT 
External Clock P36 

Clock 
Logic 

6-Bit 8-Bit IRQ5 
Down Down 

Counter Counter 

Internal Clock 
Gated Clock PRE1 T1 T1 
Triggered Clock Initial Value Initial Value Current Value 

Register Register Register 

Tin P31 
Write Read 

Internal Data Bus 

Figure 17. Counter/Timers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86E21 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follows: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
18). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register (refer to Table 7). 

All Z86E21 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis
ables all of the subsequent interrupts, saves the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved forthat interrupt. 
This memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86E21 
MCU WITH 8K OTP 

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. Software initialized interrupts are supported by 
setting the appropriate bit in the Interrupt Request Reg
ister (IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register on the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IRQO-IRQ5 

6 

IPR 

Vector Select 

Figure 18. Interrupt Block Diagram 
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Clock. The Z86E21 on-chip oscillator has a high gain, 
parallel resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should beAT 
cut, 1 MHz to 16 MHz max; series resistance (RS) is less 

Z86E21 
MCU WITH BK OTP 

than or equal to 100 Ohms. The crystal should be con
nected across XT AL 1 and XT AL2 using the recommended 
capacitors (10 pF <CL< 100 pF) from each pin to ground 
(Figure 19). Note: Actual capacitor value specified by 
crystal manufacturer. 

.----.---1 XTAL 1 XTAL1 

""~: t ~ I XTAL1 
C1I 

Pin 11 -:=- L 

I I XTAL2 
C2_[ 

~~__, XTAL2 XTAL2 

Ip. -=- in 11 

Ceramic Resonator 
or Crystal 

LC Clock External Clock 

Figure 19. Oscillator Configuration 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and external interrupts IRQO, 
IR01, IR02, and IRQ3 remain active. The devices are 
recovered by interrupts, either externally or internally gen
erated. 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. This instruction turns off the internal clock and 
external crystal oscillation, and reduces the standby cur
rent to 5 µA (typical) or less. The STOP mode is terminated 
by a reset, which causes the processor to restart the 
application program at address OOOC (HEX). 

PROGRAMMING 

Z86E21 User Modes 
The Z86E21 uses separate AC timing cycles for the differ
ent User Modes available. Table 8 shows the Z86E21 User 
Modes. Table 9 shows the timing of the programming 
waveforms. 

User MODE 1 EPROM Read 
The Z86E21 EPROM read cycle is provided so that the user 
may read the Z86E21 as a standard 2764A EPROM. This 
is accomplished by driving the /EPM pin (P32) to VH and 
activating /CE and /OE. /PGM remains inactive. This mode 
is not valid after execution of an EPROM protect cycle. 
Timing for the EPROM read cycle is shown in Figure 20. 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode= OFFH) 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 

User MODE 2 EPROM Program 
The Z86E21 Program function conforms to the Intelligent 
programming algorithm. The device is programmed with 
Vee at 6.0V and VPP = 12.5V. Programming pulses are 
applied in 1 ms increments to a maximum of 25 pulses 
before proper verification. After verification, a program
ming pulse of three times the duration of the cycles 
necessary to program the device is issued to ensure 
proper programming. After all addresses are programmed, 
a final data comparison is executed and the programming 
cycle is complete. Timing for the Z86E21 programming 
cycle is shown in Figures 20 and 21. 
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PROGRAMMING (Continued) 

User Mode 3: PROM Verify 
The Program Verify cycle is used as part of the intelligent 
programming algorithm to insure data integrity under 
worst-case conditions. It differs from the EPROM Read 
cycle in that VPP is active and V00 must be driven to 6.0V. 
Timing is shown in Figure 21. 

User Modes 4 and 5: EPROM and RAM Protect 
To extend program security, EPROM and RAM protect 
cycles are provided for the ZS6E21. Execution of the 
EPROM protect cycle prohibits proper execution of the 
EPROM Read, EPROM Verify, and EPROM programming 
cycles. Execution of the RAM protect cycle disables ac
cessesto the upper 12S bytes of register memory (excluding 
mode and configuration registers), but first the user's 
program must set bit 6 of the IMR (R251). Timing is shown 
in Figure 22. 

User Mode 6: 4K/8K Size Selection 

Z86E21 
MCU WITH SK OTP 

The ZS6E21 allows the user to select the internal ROM size. 
This feature is useful in that once programmed, the ZS6E2i 
knows at which address boundary to "go external." The ZS 
distinguishes internal and external fetches using the data 
strobe (IDS). If programmed for 4K ROM, fetch cycles 
include /DS beginning at location 4096 (indicating an 
external memory fetch). If programmed for SK ROM, /DS 
remains inactive until location S192 is reached. Once the 
4K ROM size option is selected, the upper 4K of address 
space is unusable in the ZS6E21 . 

The timing of the 4K/SK size selection cycle is similar to the 
EPROM and RAM protect cycles. Note that the 4K/SK size 
selection cycle requires that address 03 be indicated on 
the address bus during execution. Timing is shown in 
Figure 22. 

Table 8. OTP Programming Table 

Programming Modes Device 

EPROM READ1 All 
EPROM READ2 All 

PROGRAM All 
PROGRAM VERIFY All 

EPROM PROTECT All 
RAM PROTECT E21, E22, E23 
4K ROM SELECT E21, E22 

Notes: 
VH = 12.5V±0.5V 
v," = As per specific ZS DC specification. 
V" = As per specific ZS DC specification. 
X = Not used, but must be set to V "' V'"' or V" level. 
NU = Not used, but must be set to either v," or V" level. 
lee during programming = 40 mA maximum. 
100 during programming, verify, or read = 40 mA maximum. 
• V cc has a tolerance of ±0.25V. 
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vpp EPM 

x VH 
x VH 

VH x 
VH x 
VH VH 
VH VIH 
VH VH 

/CE /OE /PGM ADDA DATA Vee* 

VIL VIL VIH ADDR Out 4.5V 

VIL VIL VIH ADDR Out 5.5V 

VIL VIH VIL ADDR In 6.0V 

VIL VIL VIH ADDR Out 6.0V 

VH VIH VIL NU NU 6.0V 

VH VIH VIL NU NU 6.0V 

VH VH VIL 03 NU 6.0V 
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Table 9. Timing of Programming Waveforms I 
I 

Parameters Name Min Max Units 
I 

I 

1 Address Setup Time 2 µs 

• 2 Data Setup Time 2 µs 
3 VPPSetup 2 µs 
4 Vee Setup Time 2 µs 

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

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

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

VIH 

Address 
VIL 

VIH 

Data Invalid 
VIL 

VH 

VPP 
VIL 

VH 

~ EPM 
VIL 

® 5.5V 

~ vcc 
4.5V 

VIH 

/CE rf VIL 

VIH 

/OE 
f 

VIL 

VIH 

/PGM 
VIL 

@ 

Figure 20. Programming Waveform (User Mode 1) 
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PROGRAMMING (Continued) 

VIH 

Address Address Stable x VIL 

VIH 

Data 
VIL 

VH 
VPP 

VIH 

VH 
EPM 

VIL 

6V 
vcc 

4.5V 

VIH 

/CE ~ VIL 

VIH 

/OE 
VIL 

VIH 

/PGM 
VIL 

---- Program Cycle ---->1<11--- Verify Cycle 

Figure 21. Programming Waveform (User Mode 2, 3) 
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VIH 

Address 
VIL 

VIH 

Data 
VIL 

VH 

VPP 
VIH 

6V 
Vee 

4.5V 

VH 
/CE 

VIH 

/OE 
VH 

VIH 

VH 

EPM VIH 

VIL 

VIH 

/PGM 
VIL 

Z86E21 
MCU WITH BK OTP 

Address 003 

ROM Protect 
Programming 

VIH 

RAM Protect 
Programming 

Figure 22. Programming Waveform (User Mode 4, 5, 6) 

4K Size* 
Programming 

*Not available for Z86E23 
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PROGRAMMING (Continued) 

U1 

DO 21 P10 P20 31 

D1 22 
P11 P21 32 

D2 23 P12 P22 33 

D3 24 P13 P23 34 

D4 2S 
P14 P24 3S 

DS 26 P1S P2S 36 
~ 

D6 27 P16 P26 37 
~ 

D? 28 38 
P17 P27 

AO 13 P30 
s 

POO 
A1 14 P31 39 

P01 
A2 1S 12 

P02 P32 
A3 16 P33 30 

P03 
A4 17 P34 ~ P04 
AS 18 P3S 8 POS 
A6 19 ~ P06 P36 
A? 20 

PO? P37 ~ 
*2-- RINJ GND 

11 

~ /AS vcc 1 

GND x-:; 3 
IDS XTAL1 

/RESET XTAL2 ~ '-' 

12.SV 16 X1 

GND 4 X3 

VCC 1S IX1 

ZB6E21 
40-PinZIF 

Socket 

U3 

IH5043 

D1 1 

D3 3 

D2 8 

D4 6 

EPM 

VPP 

GND 

VCC 

GND 

EPM 

U2 

AO 10 AO DO 11 
A1 9 

A1 D1 12 

A2 8 
A2 D2 13 

A3 7 A3 D3 1S 

A4 6 A4 D4 16 

AS s 
AS DS 17 

A6 4 AS D6 18 

A? 3 A? D? 19 

2S AS 
24 

A9 
21 

A10 
23 A11 
2 

A12 
27_,-j 

'1 /PGM GND 14 
1 kOhm R2 

1V'vv 2~ /CS 28 vcc 
R1 

1k0hm~ /OE VPP 1 

2764 Pins 

12.SV R4 

S.OV 

& z 

GND 

"' 0 

R3 

P1 

1 RS 2 

1 kOhm 

Figure 23. Z86E21 ZS OTP Programming Adapter 
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DO 

D1 

D2 

D3 

D4 

DS 

D6 

D? 

GND 

vcc 

VPP 

[) l 0.01µ 

~ 
F 

12.SVolt 



Increment 
Address 

Start 

Device Passed 

Figure 24. Intelligent Programming Flowchart 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Units 

Vee Supply Voltage* -0.3 + 7.0° v 
TSTG Storage Temp -65° +150° c 
TA Oper Ambient Temp t c 

Notes: 
• Voltages on all pins with respect to GND. 
t See Ordering Information 

STANDARD TEST CONDITIONS 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 25). 
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Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

+5V 

2.1 kn 

From Output o----4---4t---~--4 
Under Test 

9.1 kn 

Figure 25. Test Load Diagram 
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DC CHARACTERISTICS 

TA= 0°C TA= -4D°C Typical 
to +7D°C to +105°C at 

II Sym Parameter Min Max Min Max 25°C Units Conditions 

Max Input Voltage 7 7 v 11N 250 µA 
Max Input Voltage 13 13 v P33-P30 Only 

VCH Clock Input High Voltage 3.8 Vee+ 0.3 3.8 Vee+ 0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 --0.3 0.8 v Driven by External Clock Generator 

VIH Input High Voltage 2.0 Vee+ 0.3 2.0 Vee+ 0.3 v 
VIL input Low Voltage -0.3 0.8 --0.3 0.8 v 
VOH Output High Voltage 2.4 2.4 v 10H = -2.0 mA 
VOL Output Low Voltage 0.4 0.4 v 101 = +2.0 mA 

VRH Reset Input High Voltage 3.8 Vee+ 0.3 3.8 Vee+ 0.3 v 
VRI Reset Input Low Voltage -0.3 0.8 -0.3 0.8 v 
111 Input Leakage -10 10 -10 10 µA ov VIN+ 5.25V 
IOL Output Leakage -10 10 -10 10 µA ov VIN + 5.25V 

llR Reset Input Current -50 -50 µA Vee=+ 5.25V, VRL = OV 
ICC Supply Current 50 50 25 mA @12 MHz 

60 60 35 rnA @16 MHz 

ICC1 Standby Current 15 15 5 mA HALT Mode V1N = OV, Vee@ 12 MHz 
20 20 10 mA HALT Mode V1N = OV, Vee@ 16 MHz 

ICC2 Standby Current 20 20 5 µA STOP Mode V1N = OV, V cc@ 12 MHz 
20 20 5 µA STOP Mode V1N = OV, Vee@ 16 MHz 

Notes: 
lcc2 requires loading TMR (%F1 H) with any value prior to STOP execution. 
Use this sequence: 

LD TMR,#00 
NOP 
STOP 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Diagram 
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R//W 

Port 0, /DM 

Port 1 

/AS 

IDS 
(Read) 

Port 1 

IDS 
(Write) 

A7-AO 07-DO OUT 

-----(·17·-----

Figure 26. External 110 or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing Table 

' 

TA= 0°C to +70°c TA =-4D°C to +105°C 

• 
12 MHz 16 MHz 12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 35 20 35 25 ns [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 30 45 35 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 220 180 250 180 ns [1,2,3] 
4 TwAS /AS Low Width 55 35 55 40 ns [2,3] 

5 TdAZ(DS) Address Float to /OS Fall 0 0 0 0 ns 
6 TwDSR /OS (Read} Low Width 185 135 185 135 ns [1,2,3] 
7 TwDSW /OS (Write) Low Width 110 80 110 80 ns [1,2,3] 
8 TdDSR(DR) /OS Fall to Read Data Req'd Valid 130 75 130 75 ns [1,2,3] 

9 ThDR(DS) Read Data to /OS Rise Hold Time 0 0 0 0 ns [2,3] 
10 TdDS(A) /OS Rise to Address Active Delay 45 35 65 50 ns [2,3] 
11 TdDS(AS) /OS Rise to /AS Fall Delay 55 30 45 35 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 20 33 25 ns [2,3] 

13 TdDS(R/W} /OS Rise to R//W Not Valid 35 30 50 35 ns [2,3] 
14 TdDW(DSW) Write Data Valid to /OS Fall (Write) Delay 35 25 35 25 ns [2,3] 
15 TdDS(DW) /OS Rise to Write Data Not Valid Delay 35 30 55 35 ns [2,3] 
16 TdA(DR) Address Valid to Read Data Req'd Valid 255 200 310 230 ns [1,2,3] 

17 TdAS(DS) /AS Rise to /OS Fall Delay 55 40 65 45 ns [2,3] 
18 TdDM(AS) /OM Valid to /AS Fall Delay 50 30 50 30 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
[3] See clock cycle dependent characteristics table. 
Standard Test Load 
All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 

Number Symbol Equation 

1 TdA(AS) 0.40 TpC + 0.32 
2 TdAS(A) 0.59 TpC - 3.25 
3 TdAS(DR) 2.83 TpC + 6.14 
4 TwAS 0.66 TpC- 1.65 

6 TwDSR 2.33 TpC- 10.56 
7 TwDSW 1.27 TpC + 1.67 
8 TdDSR(DR) 1.97 TpC- 42.5 
10 TdDS(A) 0.8 TpC 

11 TdDS(AS) 0.59TpC-3.14 
12 TdR/W(AS) 0.4 TpC 
13 TdDS(R/W) 0.8 TpC - 15 
14 TdDW(DSW) 0.4 sTpC 

15 TdDS(DW) 0.88 TpC- 19 
16 TdA(DR) 4 TpC-20 
17 TdAS(DS) 0.91 TpC - 10.7 
18 TdDM(AS) 0.9 TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRON 

Figure 27. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

TA= 0°c to +7D°C 
12 MHz 16 MHz 

No Symbol Parameter Min Max Min Max 

1 TpC Input Clock Period B3 1000 62.5 1000 
2 TrC,TfC Clock Input Rise & Fall Times 15 10 
3 TwC Input Clock Width 37 21 
4 TwTinL Timer Input Low Width 75 50 

5 TwTinH Timer Input High Width 5TpC 5TpC 
6 TpTin Timer Input Period BTpC BTpC 
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 

BA TwlL Interrupt Request Input Low Times 70 50 
BB TwlL Interrupt Request Input Low Times 5TpC 5TpC 
9 TwlH Interrupt Request Input High Times 5TpC 5TpC 

Notes: 
[1] Clock timing references use 3.av for a logic 1 and a.av for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and a.av for a logic 0. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31 ). 
[5] Interrupt request through Port 30. 
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TA= -4D°C to+ 105°C 
12 MHz 16 MHz 

Min Max Min Max 

B3 1000 62.5 1000 
15 10 

37 21 
75 50 

5TpC 5TpC 
BTpC BTpC 
100 100 

70 50 
5TpC 5TpC 
5TpC 5TpC 

Z86E21 
MCU WITH SK OTP 

Units Notes 

ns [1] 
ns [1] 
ns [1] 
ns [2] 

[2] 
[2] 

ns [2] 

ns [2,4] 
[2,5] 
[2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

RDY 
(Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

-}························································ 
Data In Valid Next Data In Valid 

-}························································ 

Delayed DAV : 

1-..-L·••••••••••••••••••••••••)}••••••••••••••••/ 

Delayed ROY : .. ·-------1---0: ..................... "' 

Figure 28. Input Handshake Timing 

1---------------\f-------------------------------· 
Data Out Valid Next Data Out Valid 

l"----~~~~~~~----1.f-------------------------------· 

'\ Delayed DAV '\ _________________ .,._ __ 

Figure 29. Output Handshake Timing 
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AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°c to +70°C TA =-40°C lo +105°C 
12 MHz 16 MHz 12 MHz 16 MHz Data 

No Symbol Parameter Min Max Min Max Min Max Min Max Direction 

1 TsDl(DAV) Data In Setup Time 0 0 0 0 IN 
2 ThDl(DAV) Data In Hold Time 145 145 145 145 IN 
3 TwDAV Data Available Width 110 110 110 110 IN 
4 TdDAVl(RDY) DAV Fall to ROY Fall Delay 115 115 115 115 IN 

5 TdDAVld(RDY) DAV Rise to ROY Rise Delay 115 115 115 115 IN 
6 TdRDYO(DAV) ROY Rise to DAV Fall Delay 0 0 0 0 IN 
7 TdDO(DAV) Data Out to DAV Fal I Delay TpC TpC TpC TpC OUT 
8 TdDAVO(RDY) DAV Fall to ROY Fall Delay 0 0 0 0 OUT 

9 TdRDYO(DAV) RDY Fall to DAV Rise Delay 115 115 115 115 OUT 
10 TwRDY ROY Width 110 110 110 110 OUT 
11 TdRDYOd(DAV) RDY Rise to DAV Fall Delay 115 115 115 115 OUT 
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za CONTROL REGISTER DIAGRAMS 

R240 SIO 

R241 TMR 

R242T1 

Serial Data (DO = LSB) 

Figure 30. Serial 1/0 Register 
(FOH: Read/Write) 

o No Function 
1 Load TO 

o Disable TO Count 
1 Enable TO Count 

0 No Function 
1 LoadT1 

O Disable T1 Count 
1 Enable T1 Count 

T1NModes 
00 External Clock Input 
01 Gate Input 
1 O Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
oo NotUsed 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 31. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 

Figure 32. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243 PRE1 

R244 TO 

R245 PREO 

Z86E21 
MCU WITH SK OTP 

Coun1Mode 
0 T1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 
O T1 External Timing Input 

(TIN) Mode 

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

Figure 33. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 

Figure 34. Counter/Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
O TO Single Pass 
1 TO Modulo N 

Reserved (Must be 0) 

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

Figure 35. Prescaler 0 Register 
(F5H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

Z86E21 
MCU WITH SK OTP 

R246 P2M R248 P01M 

R247 P3M 
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P2o - P27 1/0 Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 

Figure 36. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 

Reserved (Must be 0) 

O P32 =Input 
P35 =Output 
P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34 =Output 

01 } P33 = Input 
10 P34 = /DM 
11 P33 = /DAV1/RDY1 

P34 = RDY1//DAV1 

0 P31 = Input (TIN) 
P36 = Output (TOUT) 
P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

O P30 =Input 
P37 =Output 
P30 = Serial In 
P37 = Serial Out 

0 ParityOff 
1 ParityOn 

Figure 37. Port 3 Mode Register 
(F7H: Write Only) 

R249 IPR 

--..-

POo - POo Mode 
oo Output 
01 Input 
1X An ·As 

Stack Selection 
O External 
1 Internal 

P11 - P1o Mode 
00 Byte Output 
01 Byte Input 
10 AD7-ADo 
11 High-Impedance AD7 - DAo, 

/AS, IDS, /R//W, A11 ·As, 
A15· A12, If Selected 

External Memory Timing 
O Normal 
1 Extended 

P07 - P04 Mode 
00 Output 
01 Input 
1X A 1s-A12 

Figure 38. Port 0 and 1 Mode Register 
(FSH: Write Only) 

L. l Interrupt Group Priority 
Reserved = 000 
C >A> B = 001 
A>B>C=Oto 
A> C > B=011 
B>C>A=100 
C > B >A= 101 
B>A>C=110 
Reserved = 111 

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

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

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

Reserved (Must be 0) 

Figure 39. Interrupt Priority Register 
(F9H: Write Only) 



R250 IRQ 

IRQO = P32 Input (DO= IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 =TO Serial Output 
IRQS =T1 

Reserved (Must be 0) 

Figure 40. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

lmlool~l~l 00 l~l~l 00 I 

I ._____I -

1 Enables IRQS-IRQO 
(Do= IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

Figure 41. Interrupt Mask Register 
(FBH: Read/Write) 

R252 FLAGS 

User Flag F1 

User Flag F2 

Halt Carry Flag 

Decimal Adjust Flag 

Overtlow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 42. Flag Register 
(FCH: Read/Write) 

R253 RP 

Z86E21 
MCU WITH BK OTP 

lmlool~l~lool~l~lool 

J JI.____ I -
0 Reserved (Must be O) 

r4} rs Register Pointer 

r6 

r7 

R254 SPH 

R255 SPL 

Figure 43. Register Pointer Register 
(FDH: Read/Write) 

Stack Poin1er Upper 
Byte (SP1s- SPa) 

Figure 44. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SPo) 

Figure 45. Stack Pointer Register 
(FFH: Read/Write) 
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DC CHARACTERISTICS 
Supply Current 

'cc(mA) 

Z86E21 
MCU WITH SK OTP 

401---+---+~-+---+~+--+---+~-+---+~+--+---+~-+---+~+--+---+~-+---+--I 
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B 

c 

~ 10J---+---+~+--b"""""Doo""~..c:+~+--+-~l---+---+~+--+-~l---+---+~+--+---I 

~ 

0 2 

Legend: 

A-Vee= 5.6V 
B- Vee= 5.0V 
C-Vee= 4.4V 

4 6 8 10 12 

Figure 46. Typical lcc vs Frequency 

14 16 18 20 

Frequency (MHz) 



DC CHARACTERISTICS 
Standby Current 

I cc1CmA) 

Z86E21 
MCU WITH SK OTP 

A 

101---1---1--1---+~+--l--+--l----l~+--+---+--+~+---i--+--l---l~..LJ--+-V""--I v lc:JB 
8 

I~ 
2 l---l----ll--+-7"6~....::..f'C--l----ll--+--+~+--1----ll--+--+~+--t----1r--;---t-----1 

~ 
0 2 

Legend: 

A-Vee= 5.6V 
B-Vee = 5.0V 
C-Vee = 4.4V 

4 6 8 10 12 

Figure 47. Typical lcc1 vs Frequency 

14 16 18 20 

Frequency (MHz) 
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INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

7-38 

Meaning 

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

Z86E21 
MCU WITH SK OTP 

Flags. Control register (R252) contains the fo!!owing six 
flags: 

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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



~2iUJG 
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CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

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

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XOR 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 [Z OR (S XOR V)] = 1 

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

Z86E21 
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OPC CCF, DI, El, IRET, NOP, 
ACF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src ORI 1110 I dst/srcl 
DECW, INC, INCW, 
POP, PUSH, AL, RLC, 
RR, RAC, SRA, SWAP 

OPC I OR I 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SAP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LD, LOE, LDEI, 

dst/src src/dst 
LDC, LOCI 

dst/src OPC LD 

OR I 1110 I src 

dst OPC LD 

VALUE 

dst/CC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst t- dst + src 

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

7-40 

OPC I MODE ADC, ADD, AND, CP, 

src OR 111 0 src 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst ORI 111o1 dst 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODEl OPC LO 

src OR 1110 src 

dst OR 111 0 dst 

MODEl OPC LD 

dst/srcl x 

ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 
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INSTRUCTION SUMMARY 

Address Opcode Address Opcode 

Ill Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z s v D H and Operation dst src (Hex) c z s v D H 

ADC dst, src t 1[ l ****O* INC dst rE - * * * - -
dslf--dst + src +C dst f--dSI + 1 r=O-F 

R 20 
ADD dst, src t O[ l * * * * 0 * IR 21 
dslf--dst + src 

INCWdst RR AO - * * * - -
AND dst, src t 5[ 1 - * * 0 dSlf--dSI + 1 iR A1 
dSlf--dSt AND src 

IRET BF * * * * * * CALL dst DA D6 - - - - - - FLAGSf.-@SP; 
SPf--SP- 2 !RR D4 SPf--SP + 1 
@SPf--PC, PCf--@SP; 
PCf--dSt SPf--SP + 2; 

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

Cf-NOT C JP cc, dst DA cD - - - - - -

CLR dst R BO - - - - - - if cc is true, C=O-F 

dstf--0 IR B1 PCf--dSt !RR 30 

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

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

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

DAdst R 40 * * * x LD dst, src Im re - - - - - -
dslf.-DA dst IR 41 dS!f--SrC r R rB 

R r r9 
DEC dsl R 00 - * * * - - r=O-F 
dStf--dSI -1 IR 01 r x C7 
DECWdst RR 80 - * * * 

x r 07 
dStf--dSI -1 IR 81 r Ir E3 

Ir r F3 
DI BF - - - - - - R R E4 
IMR(7)f--0 R IR E5 

DJNZr, dst RA rA 
R IM E6 - - - - - -
IR IM E7 

rf--r-1 r=O-F IR R F5 
if r ;t O 
PCf--PC + dst LDC dst, src Irr C2 - - - - - -
Range: + 127, dS!f--SrC 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dS!f--SrC 
IMR(7)f--1 rf--r+1; 

HALT 7F 
rrf--rr + 1 - - - - - -

7-41 
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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) c z s V DH and Operation dst src (Hex) c z s v D H 

NOP FF - - - - - - STOP 6F 

OR dst, src t 4[ l - * * 0 SUB dst, src t 2[ l 
dst~dst OR src dst~dst~src 

POP dst R 50 - - - - - - SWAP dst R FO x * * x - -
dst~@SP; IR 51 ,, 5EJ IR F1 

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

AND src 
RCF CF 0 - - - - -
c~o TM dst, src t 7[ l - * * 0 

RET AF - -
dst AND src 

- - - -
PC~@SP; XOR dst, src t B[] - * * 0 - -
SP~SP+2 dst~dst 

XORsrc 
RL dst R 90 ****--
~ 

IR 91 t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 

RLC dst R 10 ****-- set table above. The second nibble is expressed symbolically by a'[ ]' 
in this table, and its value is found in the following table to the left of the 

IR 11 applicable addressing mode pair. 
L0=E:j}J 

RR dst R ED 
For example, the opcode of an ADC instruction using the addressing 

* * * * - - modes r (destination) and Ir (source) is 13. 

IR E1 
t-m~ Address Mode Lower 

RRC dst R co * * * * - - dst src Opcode Nibble 

4IJ-€:3J 
IR C1 

[2] 

SBC dst. src t 3[ l * * * * 1 * Ir [3] 

dst~dst~src~c 
R R [4] 

SCF OF - - - - -
c~1 R IR (5] 

SRA dst R DO * * * 0 - -
IR 01 R IM (6] 

@ IR IM [7] 

SRP dst Im 31 - - - - - -
RP~src 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
IRR1 
8.5 

4 DA 
R1 
10.5 

5 POP 
R1 
6.5 

6 COM 
R1 >< ., 

e. 10/12.1 ., 7 PUSH 
R2 

:;; 
.c 
z 10.5 
lii 8 DECW 

RR1 
C>. 
C>. 
::> 6.5 

9 RL 
R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 
R1 
6.5 

c RRC 
R1 

6.5 
D SRA 

R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 
6.5 6.5 

RLC ADC 
IR1 r1, r2 
6.5 6.5 
INC SUB 
IR1 r1, r2 
6.1 6.5 

SAP SBC 
IM r1, r2 
8.5 6.5 
DA OR 
IR1 r1, r2 
10.5 6.5 
POP AND 
IR1 r1, r2 
6.5 6.5 

COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
RL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 
6.5 12.0 

RRC LDC 
IR1 r1, lrr2 
6.5 12.0 

SRA LDC 
IR1 r1, lrr2 
6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

y 
2 

Execution 
Cycles 

Upper 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 

6.5 10.5 
SBC SBC 
r1, lr2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 
6.5 10.5 
TM TM 

r1, lr2 R2, R1 
18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 
r1, lr2 R2, R1 
18.0 
LOCI 

lr1. lrr2 
18.0 20.0 
LOCI CALL• 

lr1, lrr2 IRR1 
6.5 10.5 
LO LO 

r1, IR2 R2, R1 
6.5 
LO 

lr1, r2 

Lower 
Opcode 
Nibble 

1 
4 

Opcode __,,A 
Nibble 

First 
Operand 

lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LO 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LO 

r1,x,R2 
20.0 10.5 

CALL LO 
DA r2,x,R1 

10.5 10.5 10.5 
LO LO LO 

IR2, R1 R1, IM IR1, IM 
10.5 
LO • ' R2, IR1 

y 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12110.5 12/10.0 6.5 
DJNZ JR LO 
r1, RA CC, RA r1, IM 

• 
v 
2 

legend: 
R = 8-bit Address 

r = 4-bit Address 

R1 or r1 = Dst Address 

R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 

Second Operand 

D 

12.10.0 
JP 

cc, DA 

• 
3 

Note: Blank areas not defined. 

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

Z86E21 
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E F 

6.5 
INC 
r1 

t-------i 

t-------i 

t-------i 

t-------i 

t-------i 

t--e.o1 
STOP 

l?.O 
HALT 

~ 
DI 

'6:1' 
El 

~ 
RET 

~ 
IRET 

~ 
RCF 

r-s:s 
SCF 

~ 
CCF 

r-e:o-
NOP 

y-' 
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PACKAGE INFORMATION 
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17 

El 

SYMBOL MILLIMETER INCH 
MIN MAX MIN MAX 

Al ~SI .... .020 .032 
A2 3.25 3.43 .128 .135 
B 0.38 0.53 ~IS .021 

Bl 2.02 1.SC! ,Q<fO .060 
c ~ .. 3 0.38 .... .015 

D 52.07 se.se 2.0SO 2.070 
E JS.24 15.75 .600 .620 

El JJ.59 14.22 .535 .560 

Ill 2.5<4 TYP .100 TYP .. IS.49 16.51 .610 .650 

L 3.19 :r 3.Bl .12:5 .ISO 
•QI l.S2 :r 1.91 .060 :r ~75 

s 1.s2 I 2.29 .OE.O :r ~·' 
CONTROLLING DIMENSIONS t INCH 

40-Pin DIP Package Diagram 

DI 

I 

+ 
I 

40 

39 

El E 

LU ';18;!C'CCn:TC!n:J-r:rt:lrt:J'!2'1::0 

A 

SYMBOL 

R~ 
.045/.025 

MILLIHETFR 

MIN MAX 

[NCH 

M[N MAX 
NOTE:S• A 4.27 4.57 .168 .180 

I. CONTROLLING DIMENS!DNS • INCH 
2. LEADS ARE COPLANAR IJITHIN .004 IN. 
3. DIMENSllIN • ..HM.

INCH 

Al 

DIE 

DI/El 

D2 

Ill 

2.67 2.92 

17.40 17.65 
16.51 16.66 

15.24 16.00 

l.27 TYP 

44-Pin PLCC Package Diagram 

.105 .115 

.685 .695 

.650 .656 

.600 .630 

.050 TYP 

Z86E21 
MCU WITH SK OTP 



.. 

•• 

HD 

•• 

, . 
b 

NOTES1 
L CONTROLLING DIMENS!CNS • MILLIMETER 
2. LEAD COPLANARITY ' MAX .!ll mm 

.004" 

I 
HE 

I 

SYMBOL 

Al 

A2 

b 

c 
HD 

D 

HE 

E 

__l!L 
L 

MILLIMETER 

MIN MAX 

0.05 0.25 

2.00 2.25 

0.25. 0.45 

0.13 0.20 

13.70 14.30 

9.90 IC.IO 
13.70 14.30 

9.90 10.10 

O.BD TYP 

0.60 J. 1.20 

44-Pin QFP Package Diagram 

Z86E21 
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A2 

Al 
L 

• 
c 

o•-12· 

INCH 

MIN MAX 

.002 .010 

.078 .089 

.010 .QIB 

.005 .008 

.539 .563 

.390 .398 

.539 .563 

.390 .398 

.031 TYP 

.024 .047 
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ORDERING INFORMATION 

Z86E21 

12 MHz 
40-Pin DIP 
Z86E2112PSC 

16 MHz 
40-Pin DIP 
Z86E2116PSC 

44-Pin PLCC 
Z86E2112VSC 

44-Pin PLCC 
Z86E2116VSC 

44-Pin QFP 
Z86E2112FSC 

44-Pin QFP 
Z86E2116FSC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 

Temperature 
S = 0°C to +70°C 

Speed 
12 = 12 MHz 
16 = 16 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86E21 12 P S C 

7-46 

is an Z86E21, 12 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86E21 
MCU WITH SK OTP 



• 2.il (JI=> 
Z86E21 CMOS ZS® 

BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® II· 1,· 
Microcontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® 
ROMless Microcontroller 

Z86C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products 

Superi ntegration™ 
Products Guide 

Zilog•s Literature Guide 
Ordering Information 





FEATURES 

• 8-Bit CMOS Microcontroller 

• 40-Pin DIP, 44-Pin PLCC, 64-Pin DIP, or 
68-Pin PLCC Package 

• 32 Input/Output Lines (Z86C61 Only) 

• 52 Input/Output Lines (Z86C62 and Z86C96) 

• 3.0V to 5.5V Operating Range 

• Low Power Consumption - 200 mW (max) 

• Fast Instruction Pointer - 0.75 µs@ 16 MHz 

• Two Standby Modes - STOP and HALT 

• Full-Duplex UART 

• All Digital Inputs are TTL Levels 

GENERAL DESCRIPTION 

The Z86C61/62/96 microcontroller introduces a new level 
of sophistication to single-chip architecture. The Z86C61/ 
62 is a member of the Z8 single-chip microcontroller family 
with 16 Kbytes of ROM and 256 bytes ofRAM. The Z86C96 
is the ROMless version. 

The Z86C61 is housed in a 40-pin DIP, and a 44-pin PLCC 
package, and is manufactured in CMOS technology. The 
ROMless pin option is available on the 44-pin version only. 
The Z86C62/96 is housed in a 64-pin DIP, and a 68-pin 
PLCC. Both versions of the Z86C62 have the ROM less pin 
option, which allows both external memory and 
preprogrammed ROM, enabling this Z8 microcontroller to 
be used in high-volume applications or where code flex
ibility is required. 

Zilog's CMOS microcontroller offers fast execution, more 
efficient use of memory, more sophisticated interrupts, 
input/output bit manipulation capabilities, and easy hard-

PRODUCT SPECIFICATION 

Z86C61/62/96 
CMOS ZB® 
M ICROCONTROLLER 

• Auto Latches 

• RAM and ROM Protect 

• 16 Kbytes of ROM 

• 256 Bytes of RAM 

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

• Six Vectored, Priority Interrupts from Eight 
Different Sources 

• Clock Speeds 16 and 20 MHz 

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

ware/software system expansion along with low cost and 
low power consumption. 

The Z86C61/62/96 architecture is characterized by Zilog's 
8-bit microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features that are useful in many indus
trial and advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the Z86C61 fulfills this with 32 pins dedicated to input and 
output. These lines are grouped into four ports with eight 
lines each. The Z86C62/96 has 52 pins for input and 
output, and these lines are grouped into six, 8-bit ports and 
one 4-bit port. Each port is configurable under software 
control to provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 
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GENERAL DESCRIPTION (Continued) 

There are three basic address spaces available to support 
this wide range of configurations: Program Memory, Data 
Memory, and 236 General-Purpose Registers. 

To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu
nication, the Z86C61/62/96 offers two on-chip counter/ 
timers with a large number of user selectable modes, and 
an asynchronous receiver/transmitter (UART) (Figures 1, 
2, and 3). 

Output Input 

UART 

Counter/ 
Timers 

(2) 

Interrupt 
Control 

Vee GND 

+ + 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256x8-Bit 

Notes: 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Air Signals with a preceding front slash, "f', are active Low, e.g., 
BINI (WORD is active Low); /BNJ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit 

Yee 
GND 

XTAL /AS IDS R//W /RESET 

Machine Timing and 
Instruction Control 

Prg.Memory 
16,384 
xB-Bit 

Device 

1/0 
(Bit Programmable) 

· Address or 1/0 
(Nibble Programmable) 

Address/Data or 1/0 
(Byte Programmable) 

Figure 1. Z86C61 Functional Block Diagram 
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1/0 
(Bit Programmable) 

Output Input 

UART 

Counteri 
Timers (2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

Vee GND 

i 
ALU 

Flags 

Register 
Pointer 

Address or 1/0 
(Nibble Programmable) 

Figure 2. Z86C62 Functional Block Diagram 

Z86C61/62/96 
ZB® MICROCONTROLLER 

XTAL /AS /DS RINJ /RESET 

Machine liming and 
Instruction Control 

Program 
Memory 

16,384 x 8-Bit 

Program 
Counter 

Address/Data or 1/0 
(Byte Programmable) 

8-3 
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GENERAL DESCRIPTION (Continued) 

110 
(Bit Programmable) 

Output Input 

UART 

Counter/ 
1imers (2) 

Interrupt 
Control 

Vee GND 

i i 

ALU 

Flags 

Register 
Pointer 

Address or 110 
(Nibble Programmable) 

Z86C61/62/96 
ZS® MICROCONTROLl.ER 

XTAL /AS IDS RINI /RESET 

Machine 1iming and 
Instruction Control 

Address/Data or 110 
(Byte Programmable) 

Z-BUS When Used 
As Address/Data Bus 

Figure 3. Z86C96 Functional Block Diagram 
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PIN DESCRIPTION 

vcc 40 P36 

XTAL2 2 39 P31 

XTAL1 3 38 P27 

P37 4 37 P26 

P30 5 36 P25 

/RESET 6 35 P24 

R//W 7 34 P23 

/DS 8 33 P22 

/AS 9 32 P21 

P35 10 
Z86C61 

31 P20 

GND 11 DIP 30 P33 

P32 12 29 P34 

POO 13 28 P17 

P01 14 27 P16 

P02 15 26 P15 

P03 16 25 P14 

P04 17 24 P13 

P05 18 23 P12 

P06 19 22 P11 

P07 20 21 P10 

Figure 4. Z86C61 40-Pin DIP 
Pin Assignments 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Table 1. Z86C61 40-Pin DIP Pin Identification 

Pin# Symbol Function Direction 

1 Vee Power Supply Input 
2 XTAL2 Crystal, Oscillator Clock Output 
3 XTAL1 Crystal, Oscillator Clock Input 
4 P37 Port 3, Pin 7 Output 

I 
I 

5 P30 Port 3, Pin 0 Input 

El 6 /RESET Reset Input 
7 R/NV ReadNVrite Output 
8 /OS Data Strobe Output 
9 /AS Address Strobe Output 
10 P35 Port 3, Pin 5 Output 

11 GND Ground Input 
12 P32 Port 3, Pin 2 Input 
13-20 P07-POO Port 0, Pins 0, 1,2,3,4,5,6,7 In/Output 
21-28 P17-P10 Port 1, Pins 0, 1,2,3,4,5,6, 7 In/Output 
29 P34 Port 3, Pin 4 Output 

30 P33 Port 3, Pin 3 Input 
31-38 P27-P20 Port 2, Pins 0, 1,2,3,4,5,6, 7 In/Output 
39 P31 Port 3, Pin 1 Input 
40 P36 Port 3, Pin 6 Output 
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PIN DESCRIPTION (Continued) 

Pin # Symbol 

1 Vee 
2 XTAL2 
3 XTAL1 
4 P37 
5 P30 

6 N/C 
7 /RESET 
8 RIMI 
9 /DS 
10 /AS 

11 P35 
12 GND 
13 P32 
14-16 P02-POO 

8-6 

/RESET 7 

R//W 8 

IDS 9 

/AS 10 

P35 11 

GND 12 

P32 13 

POO 14 

P01 15 

P02 16 

R//RL 17 

~· c;; Cl..~ 
Cl.. Cl.. 

6 5 4 3 2 44 43 42 41 40 

18 19 20 21 

C') ~ l{) co 
0 0 0 
Cl.. Cl.. Cl.. Cl.. 

• 

Z86C61 
PLCC 

22 23 24 25 26 27 28 

r-.. 0 ~ (\J C') "<!" Q 
0 a:: a:: a:: a:: Cl.. Cl.. z 

39 N/C 

38 P24 

37 P23 

36 P22 

35 P21 

34 P20 

33 P33 

32 P34 

31 P17 

30 P16 

29 P15 

Figure 5. Z86C61 44-Pin PLCC Pin Assignments 

Table 2. Z86C61 44-Pin PLCC Pin Identification 

Function Direction Pin # Symbol Function 

Power Supply Input 17 R//RL ROM/ROMless control 
Crystal, Oscillator Clock Output 18-22 P07-P03 Port 0, Pins 3,4,5,6,7 
Crystal, Oscillator Clock Input 23-27 P14-P10 Port 1, Pins 0, 1,2,3,4 
Port 3, Pin 7 Output 28 N/C Not Connected 
Port 3, Pin 0 Input 

29-31 P17-P15 Port 1, Pins 5,6,7 
Not Connected Input 32 P34 Port 3, Pin 4 
Reset Input 33 P33 Port 3, Pin 3 
ReadM/rite Output 34-38 P24-P20 Port 2, Pins 0, 1,2,3,4 
Data Strobe Output 
Address Strobe Output 39 N/C Not Connected 

40-42 P25-P27 Port 2, Pins 5,6,7 
Port 3, Pin 5 Output 43 P31 Port 3, Pin 1 
Ground Input 44 P36 Port 3, Pin 6 
Port 3, Pin 2 Input 
Port 0, Pins 0, 1,2 In/Output 

Direction 

Input 
In/Output 
In/Output 
Input 

In/Output 
Output 
Input 
In/Output 

Input 
In/Output 
Input 
Output 
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Table 3. Z86C62 64-Pin DIP Pin Identification 
P44 64 P43 

vcc 2 63 P42 
Pin # Symbol Function Direction 

P45 3 62 P36 1 P44 Port 4, Pin 4 In/Output 

XTAL2 4 61 P31 2 Vee Power Supply Input 

XTAL1 
3 P45 Port 4, Pin 5 In/Output 

5 60 P41 4 XTAL2 Crystal, Oscillator Clock Output 
P37 6 59 P40 5 XTAL1 Crystal, Oscillator Clock Input 
P30 7 58 P27 

6 P37 Port 3, Pin 7 Output 
N/C 8 57 P26 7 P30 Port 3, Pin 0 Input 

/RESET 9 56 P25 8 N/C Not Connected Input 

RINJ 10 55 P24 9 /RESET Reset input 

/OS 10 R/NV ReadNVrite Output 
11 54 P23 

P46 12 53 P22 11 /DS Data Strobe Output 

P47 13 52 P60 
12-13 P47-P46 Port 4, Pin 6,7 In/Output 
14 /AS Address Strobe Output 

/AS 14 51 P61 15 P35 Port 3, Pin 5 Output 
P35 15 50 P21 

Z86C62 16 R//RL ROM/ROMless control Input 
R//RL 16 DIP 49 P20 17 GND Ground Input 
GND 17 48 GND 18 P32 Port 3, Pin 2 Input 

P32 18 47 P33 19-20 P51-P50 Port 5, Pin 0, 1 In/Output 

P50 19 46 P34 21-28 P07-POO Port 0, Pins 0, 1,2,3,4,5,6,7 In/Output 
P51 20 P62 29 Vee Power Supply Input 

POO 21 P63 30-33 P52-P55 Port 5, Pins 2,3,4,5 In/Output 
34-35 P11-P10 Port 1, Pins 0, 1 In/Output 

P01 22 P17 36-37 P57-P56 Port 5, Pins 6, 7 In/Output 
P02 23 42 P16 

41 
38-43 P17-P12 Port 1, Pins 2,3,4,5,6, 7 In/Output 

P03 24 P15 44-45 P63-P62 Port 6, Pins 3,2 In/Output 
P04 25 P14 46 P34 Port 3, Pin 4 Output 
P05 26 P13 47 P33 Port 3, Pin 3 Input 

P06 27 P12 48 GND Ground Input 

P07 28 P57 49-50 P21-P20 Port 2, Pins 0, 1 In/Output 

vcc 29 P56 51-52 P61-P60 Port 6, Pins 1,0 In/Output 
53-58 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 

P52 30 P11 59-60 P41-P40 Port 4, Pins 0, 1 In/Output 
P53 31 P10 

P54 32 P55 61 P31 Port 3, Pin 1 Input 
62 P36 Port 3, Pin 6 Output 
63 P42 Port 4, Pin 2 In/Output 
64 P43 Port 4, Pin 3 In/Output 

Figure 6. Z86C62 64-Pin DIP Pin Assignments 

8-7 



PIN DESCRIPTION (Continued) 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 
R//W 10 

/PODS 11 • 
IDS 12 

P46 13 

P47 14 

/P1DS 15 

/AS 16 

/DTimers 17 Z86C62 
P35 18 PLCC 

R//RL 19 

GND 20 

P32 21 

P50 22 

P51 23 

POO 24 

P01 25 

P02 26 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

['.)i:t !r.>fo!\ C>£V ".>~~c::;~<"oA.CV'!> 'o< 
<l.c::s <i: q,c::s q,<:5 q,c::s .:P q,<o q,<o iz q,<6 q," <I. q,<a <1."' q," q," q," 

Figure 7. Z86C62 68-Pin PLCC Pin Assignments 

8-8 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

P24 

P23 

P22 

P60 

P61 

P21 

P20 

Z86C61/62/96 
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SCLK 

/SYNC 

GND 

P33 

P34 

P62 

P63 

P17 

P16 

P15 
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Table 4. Z86C62 68-Pin PLCC Pin Identification 

Pin# Symbol Function Direction Pin# Symbol Function Direction 

1-2 P44-P43 Port 4, Pins 3,4 In/Output 24-31 P07-POO Port 0, Pins 0, 1,2,3,4,5,6, 7 In/Output 
3 Vee Power Supply Input 32 Vee Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 33-36 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 37-38 P11-P10 Port 1, Pins 0, 1 In/Output 
6 XTAL1 Crystal, Oscillator Clock Input 

39-40 P56-P57 Port 5, Pins 6, 7 In/Output 
7 P37 Port 3, Pin 7 Output 41-46 P17-P12 Port 1, Pins 2,3,4,5,6, 7 In/Output 
8 P30 Port 3, Pin 0 Input 47-48 P63-P62 Port 6, Pins 3,2 In/Output 

II 9 /RESET Reset Input 49 P34 Port 3, Pin 4 Output 
10 R//W Read/Write Output 50 P33 Port 3, Pin 3 Input 
11 /PODS Port 0 Data Strobe Output 

51 GND Ground Input 
12 /OS Data Strobe Output 52 /SYNC Synchronization Output 
13-14 P47-P46 Port 4, Pins 6,7 In/Output 53 SCLK System Clock Output 
15 /P1DS Port 1 , Data Strobe Output 54-55 P21-P20 Port 2, Pins 0, 1 In/Output 
16 /AS Address Strobe Output 56-57 P60-P61 Port 6, Pins 1,0 In/Output 
17 /DTIMER DTIMER Input 

58-63 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 
18 P35 Port 3, Pin 5 Output 64-65 P41-P40 Port 4, Pins 0, 1 In/Output 
19 R//RL ROM/ROMless control Input 66 P31 Port 3, Pin 1 Input 
20 GND Ground Input 67 P36 Port 3, Pin 6 Output 
21 P32 Port 3, Pin 2 Input 68 P42 Port 4, Pin 2 In/Output 
22-23 P51-P50 Port 5, Pins 0, 1 In/Output 
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PIN DESCRIPTION (Continued) 

Table 5. Z86C96 64-Pin DIP Pin Identification 
P44 64 P43 

vcc 2 63 P42 
Pin # Symbol Function Direction 

P45 3 62 P36 1 P44 Port 4, Pin 4 In/Output 
XTAL2 4 61 P31 2 Vee Power Supply Input 

XTAL1 5 60 P41 
3 P45 Port 4, Pin 5 In/Output 
4 XTAL2 Crystal, Oscillator Clock Output 

P37 6 59 P40 5 XTAL1 Crystal, Oscillator Clock Input 
P30 7 58 P27 

NC 8 57 P26 
6 P37 Port 3, Pin 7 Output 
7 P30 Port 3, Pin 0 Input 

/RESET 9 56 P25 8 N/C Not Connected Input 
RINI 10 55 P24 9 /RESET Reset Input 
/DS 11 54 P23 10 R//W Read/Write Output 

P46 12 53 P22 11 /OS Data Strobe Output 
P47 13 52 P60 12-13 P47-P46 Port 4, Pins 6,7 In/Output 
/AS 14 51 P61 14 /AS Address Strobe Output 

P35 15 50 P21 15 P35 Port 3, Pin 5 Output 
16 N/C Not Connected Input 

N/C 16 Z86C96 49 P20 

GND 17 DIP 48 GND 17 GND Ground Input 

P32 18 47 P33 
18 P32 Port 3, Pin 2 Input 
19-20 P51-P50 Port 5, Pins 0, 1 In/Output 

P50 19 46 P34 21-28 PO? -POO Port 0, Pins 0, 1,2,3,4,5,6, 7 In/Output 
P51 20 45 P62 29 Vee Power Supply Input 
POD 21 44 P63 

30-33 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
P01 22 43 P17 34-35 P11-P10 Port 1, Pins 0, 1 In/Output 
P02 23 42 P16 36-37 P56-P57 Port 5, Pins 6,7 In/Output 
P03 24 41 P15 38-43 P17-P12 Port 1, Pins 2,3,4,5,6,7 In/Output 

P04 25 40 P14 
44-45 P63-P62 Port 6, Pins 3,2 In/Output 

P05 26 39 P13 46 P34 Port 3, Pin 4 Output 

P06 27 38 P12 47 P33 Port 3, Pin 3 Input 

P07 28 37 P57 
48 GND Ground Input 
49-50 P21-P20 Port 2, Pins 0, 1 In/Output 

vcc 29 36 P56 51-52 P61-P60 Port 6, Pins 1,0 In/Output 
P52 30 35 P11 

P53 31 34 P10 
53-58 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 
59-60 P41-P40 Port 4, Pins 0, 1 In/Output 

P54 32 33 P55 61 P31 Port 3, Pin 1 Input 
62 P36 Port 3, Pin 6 Output 
63 P42 Port 4, Pin 2 In/Output 
64 P43 Port 4, Pin 3 In/Output 

Figure 8. Z86C96 64-Pin DIP Pin Assignments 
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R//W 10 

/PODS 11 

IDS 12 

P46 13 

P47 14 

/P1DS 15 

/AS 16 

/DTimers 17 

P35 18 

N/C 19 

GND 20 

P32 21 

P50 22 

P51 23 

POO 24 

P01 25 

P02 26 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

60 

• 59 

58 

57 

56 

55 

54 

Z86C96 
53 

PLCC 52 

51 

50 

49 

48 

47 

46 

45 

44 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

~~~~~u~~~~s~~~~~~ q; q; q; q; <f' ~CJ q; q; q; q; q, q, q; q; q, q, q, 

Figure 9. Z86C96 68-Pin PLCC Pin Assignments 

P24 

P23 

P22 

P60 

P61 
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SCLK 

/SYNC 

GND 

P33 

P34 

P62 
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P17 

P16 
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PIN DESCRIPTION (Continued) 

Table 6. Z86C96 68-Pin PLCC Pin Identification 

Pin # Symbol Function Direction 

1-2 P44-P43 Port 4, Pins 3,4 In/Output 
3 Vee Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 
6 XTAL1 Crystal, Oscillator Clock Input 

7 P37 Port 3, Pin 7 Output 
8 P30 Port 3, Pin 0 Input 
9 /RESET Reset Input 
10 R/flN Readf\Nrite Output 
11 /PODS Port 0 Data Strobe Output 

12 /OS Data Strobe Output 
13-14 P47-P46 Port 4, Pins 6, 7 In/Output 
15 /P1DS Port 1 Data Strobe Output 
16 /AS Address Strobe Output 
17 /DTIMER Disable Timers Input 

18 P35 Port 3, Pin 5 Output 
19 N/C Not Connected Input 
20 GND Ground Input 
21 P32 Port 3, Pin 2 Input 
22-23 P51-P50 Port 5, Pins 0, 1 In/Output 

PIN FUNCTIONS 

R//RL (input, active Low). This pin when connected to 
GND disables the internal ROM and forces the device to 
function as a Z86C96 ROMless Z8. (Note: when left 
unconnected or pulled High to V cc the part functions as a 
normal Z86C61/62 ROM version.) This pin is only available 
on the 44-pin version of the Z86C61, and both versions of 
the Z86C62. 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /OS. For 
WRITE operations, the falling edge of /OS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once 
at the beginning of each machine cycle. Address out
put is through Port 1 for all external programs. Memory 
address transfers are valid at the trailing edge of /AS. 
Under program control, /AS can be placed in the high
impedance state along with Ports 0 and 1, Data Strobe, 
and Read{INrite. 

8-12 

Pin# Symbol Function Direction 

24-31 P07-POO Port 0, Pins 0, 1,2,3,4,5,6, 7 In/Output 
32 Vee Power Supply Input 
33-36 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
37-38 P11-P10 Port 1, Pins 0, 1 In/Output 
39-40 P57-P56 Port 5, Pins 6,7 In/Output 

41-46 P17-P12 Port 1, Pins 2,3,4,5,6, 7 In/Output 
47-48 P63-P62 Port 6, Pins 3,2 In/Output 
49 P34 Port 3, Pin 4 Output 
50 P33 Port 3, Pin 3 Input 
51 GND Ground Input 

52 /SYNC Synchronization Output 
53 SCLK System Clock Output 
54-55 P21-P20 Port 2, Pins 0, 1 In/Output 
56-57 P61-P60 Port 6, Pins1 ,0 In/Output 
58-63 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 

64-65 P41-P40 Port 4, Pins 0, 1 In/Output 
66 P31 Port 3, Pin 1 Input 
67 P36 Port 3, Pin 6 Output 
68 P42 Port 4, Pin 2 In/Output 

XTAL 1, XTAL2 Crystal 1, Crystal 2(time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read{INrite signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C61/62/96 is equipped with 
a reset filter of four external clocks (4TpC). If the external 
/RESET signal is less than 4TpC in duration, no reset 
occurs. 

On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /OS is 
held active Low while /AS cycles at a rate of TpC/2. When 
/RESET is deactivated, program execution begins at loca
tion OOOC (HEX). Reset time must be held Low for 50 ms, 
or until Vee is stable, whichever is longer. 
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/PODS Port 0 Data Strobe (output, active Low). Signal used 
to emulate Port 0 when in ROMless mode. 

/P1 DS Port 1 Data Strobe(output, active Low). Signal used 
to emulate Port 1 when in ROMless mode. 

/DTIMERS Disable Timers (input, active Low). All timers 
are stopped by the Low level at this pin. This pin has an 
internal pull up resistor. 

SCLK (output). System clock pin. 

/SYNC Instruction SYNC Signa/(output, Hctive Low). This 
signal indicates the last clock of the current executing 
instruction. 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address port for interfacing external memory. 
When used as an 1/0 port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 

OEN 

Out 

TTL Level Shifter 

In 

Z86C61/62/96 
ZS® MICROCONTROLLER 

and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 

For external memory references, Port 0 can provide ad
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port 0 can be programmed independently as 1/0 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. 

In ROMless mode, after a hardware reset, Port 0 lines are 
defined as address lines A 15-AB, and extended timing is 
set to accommodate slow memory access. The initializa
tion routine includes reconfiguration to eliminate this ex
tended timing mode (Figure 10). 

PAD 

Figure 1 O. Port 0 Configuration 
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PIN FUNCTIONS (Continued) 

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TTL compatible port. It has multiplexed Ad
dress (A?-AO) and Data (07-00) ports. For Z86C61/62/96, 
these eight 1/0 lines can be programmed as Input or 
Output lines or can be configured under software control 
as an address/data port for interfacing external memory. 
When used as an 1/0 port, Port 1 may be placed under 
handshake control. In this configuration, Port 3 line P33 
and P34 are used as the handshake controls RDY1 and 
/DAV1. 

Memory locations greater than 16,384 are referenced 
through Port 1. To interface external memory, Port 1 must 

MCU 

OEN 

Out 

TTL Level Shifter 

In 

Z86C61/62/96 
ZS® MICROCONTROLLER 

be programmed for the multiplexed Address/Data mode. 
if more than 256 external locations are required, Port 0 
must output the additional lines. 

Port i can be placed in high-impedance state along with 
Port 0, /AS, /OS, and R//W, allowing the microcontroller to 
share common resources in multiprocessor and OMA 
applications. Data transfers can be controlled by assign
ing P33 as a Bus Acknowledge input, and P34 as a Bus 
request output (Figure 11 ). 

Port 1 
(AD7-ADO) 

PAD 

-------------------- i 

8-14 

I 
I Auto Latch 
I 
I 
I 

I R~500KQ I 
-------------------------J 

Figure 11. Port 1 Configuration 



Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input 
or output or globally as an open-drain output. Port 2 is 
always available for 1/0 operation. When used as an 1/0 
port, Port 2 may be placed under handshake control. In this 

MCU 

Z86C61/62/96 
Z8® MICROCONTROLLER 

configuration, Port 3 lines P31 and P36 are used as 
the handshake control lines /DAV2 and RDY2. The hand
shake signal assignment for Port 3 lines P31 and P36 is 
dictated by the direction (input or output) assigned to P27 
(Figure 12). 

Port 2 (1/0) 

} 
Handshake Controls 

1-----~ /DAV2 and RDY2 
(P31 and P36) 

Open-Drain 

OEN 

PAD 

Out 

TTL Level Shifter 

In 

Figure 12. Port 2 Configuration 
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PIN FUNCTIONS (Continued) 

Port3 (P37-P30). Port 3 is an 8-bit, CMOS compatible four
fixed input and four-fixed output port. These eight 1/0 
lines have four-fixed (P33-P30) input and four-fixed (P37-

MCU 

Out 

Z86C61/62/96 
ZS® MICROCONTROLLER 

P34) output ports. Port 3, when used as serial 1/0, are 
programmed as serial in and serial out, respectively 
(Figure 13). 

Port 3 
(1/0 or Control} 

PAD 

Port 3 Output Configuration PAD 

In 

Port 3 Input Configuration 

Figure 13. Port 3 Configuration 
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Port 3 can be configured under software control to provide 
the following control functions: handshake for Ports 0 and 
2 (/DAV and ROY); four external interrupt request signals 

Z86C61/62/96 
ZS® MICROCONTROLLER 

(IRQ3-IRQO); timer input and output signals (T1N and TouT), 
and Data Memory Select (/OM). 

Table 7. Port 3 Pin Assignments 

Pin 1/0 

P30 IN 
P31 IN 
P32 IN 
P33 IN 

P34 OUT 
P35 OUT 
P36 OUT 
P37 OUT 
TO 
T1 

Notes: 
HS= Handshake Signals 
D = Data Available 
R =Ready 

UART OPERATION 

CTC1 Int. POHS 

IRQ3 
IRQ2 
IRQO D/R 
IRQ1 

R/D 

TOUT 

IRQ4 
IRQ5 

Port 3 lines P30 and P37, can be programmed as serial 
1/0 lines for full-duplex serial asynchronous receiver/ 
transmitter operation. The bit rate is controlled by the 
Counter/TimerO. 

The Z86C61/62/96 automatically adds a start bit and two 
stop bits to transmitted data (Figure 14). Odd parity is also 
available as an option. Eight data bits are always transmit-

Transmitted Data (No Parity) 

Transmitted Data (With Parity) 

Start Bit 

Eight Data Bits 

Two Stop Bits 

Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

P1 HS P2HS UART Ext 

Serial In 
D/R 

D/R 

R/D OM 

R/D 
Serial Out 

ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Note: UART function is only available in stardard timing 
mode (i.e., P01 M 05 = 0). 

Received Data (No Parity) 

l•IITTlool~l~lmlml~loolITTI 
L StartBit 

Received Data (With Parity) 

I I 
L 

Eight Data Bits 

One Stop Bit 

Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 14. Serial Data Formats 
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PIN FUNCTIONS (Continued) 

Port 4 (P47-P40). Port 4 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 4 is always 
available for 1/0 operation (Figure 15). Port address (F)02. 

Port 5 (P57-P50). Same as Port 4. Port address (F)04. 

Open-Drain 

OEN 

Out 

TTL Level Shifter 

In 

ZB6C61/62/96 
zaia MICROCONTROLLER 

Port 6 (P63-P60). Same as Port 4. (Note: this is a 4-bit port, 
bits 03-DO.) Port address (FjO?. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not being driven by any source. 

Port 4 (1/0) 

PAD 

Figure 15. Port 4 Configuration 
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FUNCTIONAL DESCRIPTION 

Address Space 

Program Memory. The Z86C61/62 can address up to 48 
Kbytes of external program memory (Figure 16). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 16383 consists of on-chip ROM. At ad
dresses 16384 and greater, the Z86C61/62 executes 
external program memory fetches. The Z86C96, and the 
Z86C61/62 in ROMless mode, can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

6 5535 

6384 

6383 

12""" 

11 

10 

9 

8 

7 

6 

5 

,.,;..... 
3 

2 

1 

0 

External 
ROM and RAM 

On-Chip ROM 

- - - - - - - -
~ 

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

t'°'- IRQ2 

~ IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 16. Program Memory Configuration 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Data Memory (/OM). The ROM version can address up to 
48 Kbytes of external data memory space beginning at 
location 16384. The ROMless version can address up to 64 
Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /DM, an optional 1/0 function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 17). The state of the /DM signal is controlled by the 
type instruction being executed. An LDC opcode refer
ences PROGRAM (/DM inactive) memory, and an LOE 
instruction references DAT A (/OM active Low) memory. 

65535 

16384 

16383 

0 

External 
Data 

Memory 

Not Addressable 

Figure 17. Data Memory Configuration 
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FUNCTIONAL DESCRIPTION (Continued) 

Z86C61/62/96 
ZS® MICROCONmOLLER 

Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 18). There are eight further 

registers for 1/0 ports 4, 5 and 6 in the Expanded Register 
File (Bank F, R9-R2) (Figure 19). 
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Location 

R255 

R254 

R253 

R252 

R251 

R250 

R249 

R248 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 

R239 

R4 

R3 

R2 

R1 

RO 

Stack Pointer (Bits 7-0) 

Stack Pointer (Bits 15-8) 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port 3 Mode 

Port2Mode 

TO Prescaler 

Timer/CounterO 

T1 Prescaler 

Timer/Counter1 

TimerMode 

Serial 1/0 

General-Purpose 
Registers 

Port3 

Port2 

Port1 

Porto 

Figure 18. Register File 

Identifiers 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 



REGISTER POINTER 

17 16 15 14 13 12 ! 1 I 0 1 

Working Register J l Expanded Register 
Gro\!E_Pointer Gro\!E_Pointer 

t 

ZS Reg. File / 
%FF 

%FO 

~ r-------__ 

%IF 

Reserved 

%OF 
%00 

Z86C61/62/96 
ZS® MICROCONTAOLLER 

ZS STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

%FF SPL u u u u u u u u 

%FE SPH u u u u u u u u 
%FD RP 0 0 0 0 0 0 0 0 

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

%F9 IPR u u u u u u u u 
0/!' FB P01M 0 1 0 0 1 1 0 1 

%F7 P3M 0 0 0 0 0 0 0 0 

%F6 P2M 1 1 1 1 1 1 1 1 

%F5 PREO u u u u u u u 0 

%F4 TO u u u u u u u u 
%F3 PRE1 u u u u u u 0 0 

%F2 T1 u u u u u u u u 
%F1 TMR 0 0 0 0 0 0 0 0 

%FO 810 u u u u u u u u 

EXPANDED REG. GROUP (F) 

REGISTER RESET CONDITION 

%(F)OF Reserved 

%(F)OE Reserved 

%(F)OD Reserved 

%(F)OC Reserved 

% (F) OB Reserved 

%(F)OA ICE 0 

%(F)09 P6M 

%(F)OB P6D 

%(F)07 P6 u u u u 

%(F)06 P45M 

%(F)05 PSD 

%(F)04 PS u u u u u u u u 

%(F)03 P4D 

%(F)02 P4 u u u u u u u u 
%(F)01 Reserved 

% (F) 00 Reserved 

EXPANDED REG. GROUP (0) 

REGISTER RESET CONDITION 

%(0)03 P3 1 1 1 1 u u u u 

% (0) 02 P2 u u u u u u u u 

%(0)01 P1 u u u u u u u u 
%(0)00 PO u u u u u u u u 

U =Unknown 

t =For ZB6C96 (ROMless) Reset condltion:"10110110" 

Figure 19. Expanded Register File Architecture 
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FUNCTIONAL DESCRIPTION (Continued) 

The instructions can access registers directly or indirectly 
through an 8-bit address field. The Z86C61/62/96 also 
allows short 4-bit register addressing using the Register 
Pointer (Figure 20). In the 4-bit mode, the Register File is 
divided into 16 working register groups, each occupying 
16 continuous locations. The Register Pointer addresses 
the starting location of the active working-register group. 

R253 RP 

Default Setting After Reset= 00000000 

Expanded Register Group 

Working Register Group 

Figure 20. Register Pointer Register 

Expanded Register File. The register file has been ex
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with 1/0 ports into the register address area. The ZS 
register address space RO through R15 has now been 
implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of Register RP select the working 
register group. Bits 3-0 ofRegister RP select the expanded 
register group (Figure 21 ). Eight 1/0 port registers reside in 
the Expanded Register File at Bank F. The rest of the 
Expanded Register is not physically implemented and is 
open for future expansion. · 

The upper nibble of the register pointer (Figure 20) selects 
which group of 16 bytes in the register file, out of the full 
256, will be accessed. The lower nibble selects the ex
panded register file bank and in the case of the Z86C61/ 
62/96, only Bank Fis implemented. A OH in the lower nibble 
will allow the normal register file to be addressed, but any 
other value from 1 H to FH will exchange the lower 16 
registers in favor of an expanded register group of 16 
registers. 
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For example: 
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Z86C61: (See Figures 18 and 19) 

R253 RP= OOH 

But If: 

R253 RP= OFH 

Further examples: 

SRP#OFH 
LO R2, #10010110 

LO 2, #10010110 

LO 9, #11110000 
SRP #1FH 
LO R2, #11010110 

LO 12H, #11010110 

LO 2, #10010110 

RO= Port 0 
R1 = Port 1 

RO = Reserved 
R1 = Reserved 
R2 =Port 4 

R2 =Port 2 
R3 =Port 3 

R3 = Port 4, Direction Register 
R9 = Port 6, Mode Register 

Set working group 0 and Bank F 
Load value into Port 4 using 
working register addressing. 
Load value into Port 4 using 
absolute addressing. 
Load value into Port 6 mode. 
Set working group 1 and Bank F 
Load value into general purpose 
register 12H 
Load value into general purpose 
register 12H 
Load value into Port 4 

RAM Protect. The upper portion of the RAM's address 
spaces 80FH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
06 in the IMR register to either a 0 or a 1, respectively. A 
1 in 06 indicates RAM Protect enabled. 



ROM Protect. The first 16 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
"dumping" of the ROM contents by inhibiting execution of 
LDC, LDCI, LDE, and LDEI instructions by external pro
gram memory when pointing to internal memory locations. 
Therefore these instructions can be used only when they 
are executed from internal memory, or if they are executed 
from external memory and pointing to external memory 
locations. 

The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 

--..-( :: I r7 r6 r5 r4 I r3 r2 r1 rO I R253 

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

7F 

Register Group 7 } R15toRO 
70 

2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group ~ 

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

Register Group 1 

Register Group O 

-----------------1/0 Ports' 

~ R15toRO 

R15toR4 

R3to RO 

'Bits 03 to DO are "O" in Register 253. 

Figure 21. Register Pointer 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Stack. The Z86C61 /62/96 has a 16-bit Stack Pointer (R255-
R254) used for external stack that resides anywhere in the 
data memory for the ROMless mode, but only from 16384 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH-Bit 8-15) can be used as a general 
purpose register when using internal stack only. 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 22). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from i to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to256)thathas been loaded into the counter. When both 
the counters and prescaler reach the end of the count, a 
timer interrupt request, IRQ4 (TO) or IRQ5 (T1 ), is gener
ated. 

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 counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that can be retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (Tour) through 
which TO, T1 or the internal clock can be output. The 
counter/timers can be cascaded by connecting the TO 
output to the input of T1. 
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FUNCTIONAL DESCRIPTION (Continued) 

Internal Data Bus 

PREO TO 
Initial Value Initial Value 

Register Register 

6-Bit 8-bit 
Down Down 

Counter Counter 
Internal 
Clock 

External Clock 

Clock 
Logic 

6-Bit 8-Bit 
Down Down 

Counter Counter 

Internal Clock 
Gated Clock PRE1 T1 
Triggered Clock Initial Value Initial Value 

Register Register 

TIN P31 
Write 

Internal Data Bus 

Figure 22. Counter/Timers Block Diagram 
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Read 

Read 

TO 
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Current Value 
Register 

IRQ4 

Serial 110 
Clock 

Tout 
P36 

IRQ5 

T1 
Current Value 

Register 



Interrupts. The Z86C61/62/96 has six different interrupts 
from eight different sources. The interrupts are maskable 
and prioritized. The eight sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30, one in 
Serial Out, one is Serial In, and two in the counter/timers 
(Figure 23). The Interrupt Mask Register globally or indi
vidually enables or disables the six interrupt requests. 
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 Z86C61/62/96 
interrupts are vectored through locations in the program 
memory. When an interrupt machine cycle is activated, an 
interrupt request is granted Thus, this disables all of the 
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 address of 
the interrupt service routine for that particular interrupt 
request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86C61/62/96 
ZS® MICROCONTROLLER 

To accommodate polled interrupt systems, interrupt in
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests 
need service. Software initialed interrupts are supported 
by setting the appropriate bit in the Interrupt Request 
Register (IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction. The interrupt request 
must be valid 5TpC before the falling edge of the last clock 
cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) ciock cycies are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register onto the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IROO· IRQ5 

6 

Vector Select 

Figure 23. Interrupt Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86C61/62/96 on-chip oscillator has a high
gain, parallel-resonant amplifier for connection to a crys
tal, LC, ceramic resonator, or any suitable external clock 
source (XTAL 1 = Input, XTAL2 = Output). The crystal 
should be AT cut, 1 MHz to 20 MHz max, and series 
resistance (RS) is less than or equal to 100 Ohms. The 

XTAL1 

C1I 

= [SJ 

c1 4 
L 

XTAL2 
c2 4 c2 4 

Ceramic Resonator LC Clock 
or Crystal 

Z86C61/62/96 
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crystal should be connected across XTAL 1 and XTAL2 
using the recommended capacitors (10 pF <CL< 100 pF) 
from each pin to device ground (Figure 24). 

Note: Actual capacitor values specified by the crystal 
manufacturer. 

XTAL1 

XTAL2 

External Clock 

Figure 24. Oscillator Configuration 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 5 µA (typical) or less. The STOP mode is terminated 
by a reset, which causes the processor to restart the 
application program at address OOOCH. 
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In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode=OFFH) immediately before the 
appropriate sleep instruction, i.e., 

FF NOP ; clear the pipeline 
6F STOP ; enter STOP mode 

or 
FF NOP ; clear the pipeline 
?F HALT ; enter HALT mode 



ABSOLUTE MAXIMUM RATINGS 

Symbol Description 

Vee Supply Voltage* 

TSTG Storage Temp 
TA Oper Ambient Temp 

Notes: 
' Voltages on all pins with respect to GND. 
t See ordering information 

Min 

-0.3 
-65 
t 

STANDARD TEST CONDITIONS 

Max Units 

+7.0 v 
+150 c 

t 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 25). 

Z86C61/62/96 
ZS® MICROCONTROLLER 

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

From Output n--------------
Under Test 

I 

I 
150 pF 

Figure 25. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 
Z86C61 /62/96 

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

Sym Parameter Min Max Min Max 25°C Units Conditions 

Max Input Voltage 7 7 v 11N < 250 µA 
VCH Clock Input High Voltage 0.85 Vee Vee+ 0.3 0.85 Vee Vee+ 0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage vss-0.3 0.8 vss-0.3 0.8 v Driven by External Clock Generator 

VIH Input High Voltage 2 Vee+ 0.3 2 Vee+ 0.3 v 
VIL Input Low Voltage Vss-0.3 0.2 Vee vss-0.3 0.2 Vee v 
VOH Output High Voltage 2.4 2.4 v 10H=-2.0 mA 

VOH Output High Voltage Vcc-100 mV Vcc-100 mV v IOH =-100 µA 
VOL Output Low Voltage 0.4 0.4 v 10L = +5.0 mA [3] 
VOL Output Low Voltage 0.6 0.6 v l0L = +4.0 mA [2] 
VRH Reset Input High Voltage 0.85 Vee Vee+ 0.3 0.85 Vee Vee+ 0.3 v 
VRI Reset Input Low Voltage --0.3 0.2 Vee -0.3 0.2 Vee v 
l1L Input Leakage -2 2 -2 2 µA V1N= 0 V, Vee 
IOL Output Leakage -2 2 -2 2 µA VIN= 0 V, Vee 

llR Reset Input Current -80 -80 µA VRL = 0 v 
Ice Supply Current 35 35 24 mA [1]@16 MHz 

Ice Supply Current 40 40 30 mA [1]@20 MHz 

lcc1 Standby Current 15 15 4.5 mA [1] HALT Mode VIN=OV, vcc@16 MHz 
ICC2 Standby Current 10 20 5 µA [1] STOP Mode V1N = 0 V, V cc 
IALL Auto Latch Low Current -14 14 -20 20 5 µA 

Notes: 
[1] All inputs driven to either OV or Vcc' outputs floating. 
[2] V cc= 3.0V to 3.6V 
[3] V cc= 4.5V to 5.5V 
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AC CHARACTERISTICS 

R//W 

Porto, /DM 

Port 1 

/AS 

/DS 
(Read) 

Port 1 

/DS 
(Write) 

A7-AO 07-DO OUT 

Figure 26. External 1/0 or Memory Read/Write 

Z86C61/62/96 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing 
Z86C61/62/96 (16 MHz) 

TA= 0°C TA =-40°C 
to +70°C to +105°C 
16MHz 16MHz 

No Symbol Parameter Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS rise Delay 25 25 ns [2,3) 
2 TdAS(A) /AS rise to Address Float Delay 35 35 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Req'd Valid 150 150 ns [1,2,3) 
4 TwAS /AS Low Width 40 40 ns [2,3] 
5 TdAZ(DS) Address Float to /OS fall 0 0 ns 

6 TwDSR /OS (Read) Low Width 135 135 ns [1,2,3] 
7 TwDSW /OS (Write) Low Width 80 80 ns [1,2,3) 
8 TdDSR(DR) /OS fall to Read Data Req'd Valid 75 75 ns [1,2,3) 
9 Th DR( OS) Read Data to /OS rise Hold Time 0 0 ns [2,3] 
10 TdDS(A) /OS rise to Address Active Delay 50 50 ns [2,3] 

11 TdDS(AS) /OS rise to /AS fall Delay 35 35 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 25 25 ns [2,3) 
13 TdDS(R/W) /OS rise to R//W Not Valid 35 35 ns [2,3) 
14 TdDW(DSW) Write Data Valid to /OS fall (Write) Delay 25 25 ns [2,3) 
15 TdDS(DW) /OS rise to Write Data Not Valid Delay 35 35 ns [2,3] 

16 TdA(DR) Address Valid to Read Data Req'd Valid 210 210 ns [1,2,3] 
17 TdAS(DS) /AS rise to /OS fall Delay 45 45 ns [2,3] 
18 TdDM(AS) /OM Valid to /AS rise Delay 25 25 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. Clock Dependent Formulas 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. Number Symbol Equation 

Standard Test Load 1 TdA(AS) 0.40 TpC + 0.32 
All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 2 TdAS(A) 0.59 TpC - 3.25 

3 TdAS(DR) 2.83 TpC + 6.14 
4 TwAS 0.66 TpC - 1.65 

6 TwDSR 2.33 TpC - 10.56 
7 TwDSW 1.27 TpC + 1.67 
8 TdDSR(DR) 1.97 TpC- 42.5 
10 TdDS(A) 0.8 TpC 

11 TdDS(AS) 0.59 TpC- 3.14 
12 TdR/W(AS) 0.4 TpC 
13 TdDS(R/W) 0.8 TpC -15 
14 TdDW(DSW) 0.4 TpC 

15 TdDS(DW) 0.88 TpC - 19 
16 TdA(DR) 4 TpC-20 
17 TdAS(DS) 0.91TpC-10.7 
18 TdDM(AS) 0.9 TpC - 26.3 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing 
Z86C61/62/96 (20 MHz) 

TA= 0°C TA =-40°C 
to +70°C to +105°C 
20MHz 20MHz 

No Symbol Parameter Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS rise Delay 15 25 ns [2,3] I 

2 TdAS(A) /AS rise to Address Float Delay 25 35 ns [2,3] m 3 TdAS(DR) /AS rise to Read Data Req'd Valid 120 120 ns [1,2,3] 
4 TwAS /AS Low Width 30 30 ns [2,3] 
5 TdAZ(DS) Address Float to /DS fall 0 0 ns 

6 TwDSR /DS (Read) Low Width 105 105 ns [1,2,3] 
7 TwDSW /DS (Write) Low Width 65 65 ns [1,2,3] 
8 TdDSR(DR) /DS fall to Read Data Req'd Valid 55 55 ns [1,2,3] 
9 ThDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 TdDS(A) /DS rise to Address Active Delay 40 40 ns [2,3] 

11 TdDS(AS) /DS rise to /AS fall Delay 25 25 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 20 20 ns [2,3] 
13 TdDS(R/W) /DS rise to R//W Not Valid 25 25 ns [2,3] 
14 TdDW(DSW) Write Data Valid to /DS fall (Write) Delay 20 20 ns [2,3] 
15 TdDS(DW) /DS rise to Write Data Not Valid Delay 25 25 ns [2,3] 

16 TdA(DR) Address Valid to Read Data Req'd Valid 150 150 ns [1,2,3) 
17 TdAS(DS) /AS rise to /DS fall Delay 35 35 ns [2,3] 
18 TdDM(AS) /DM Valid to /AS rise Delay 15 15 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRQN 

Figure 27. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 
Z86C61/62/96 

No Symbol Parameter 

1 TpC Input Clock Period 
2 TrC,TfC Clock Input Rise & Fall Times 
3 TwC Input Clock Width 
4 TwTinL Timer Input Low Width 
5 TwTinH Timer Input High Width 

6 TpTin Timer Input Period 
7 TrTin,TfTin Timer Input Rise and Fall Times 
Sa TwlL Interrupt Request Input Low Times 
Sb TwlL Interrupt Request Input Low Times 
9 TwlH Interrupt Request Input High Times 

Notes: 
[1] Clock timing references use 0.8V00 for a logic 1 and 0.8V for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 30. 
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TA =0°C 
to +70°C 

20/16 MHz 
Min Max 

50/62.5 1000 
10 

25 
75 
5TpC 

STpC 
100 
70 
5TpC 
5TpC 

TA =-40°C 
to +105°C 
20/16 MHz 
Min Max 

50/62.5 1000 
10 
25 
75 
5TpC 

STpC 
100 
50 
5TpC 
5TpC 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Units Notes 

ns [1] 
ns [1] 
ns [1] 
ns [2] 
ns [2] 

ns [2] 
ns [2] 
ns [2,4] 
ns [2,5] 
ns [2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

ADY 
(Output) 

Data In Valid 
-~························································ 

Next Data In Valid 

~~························································ 

Delayed DAV : 

1----•························,}················/ 

. . . ,._ ____ .,..__,., ................... •• <1 

Figure 28. Input Handshake Timing 

~-------------'l~--------------
Data Out Data Out Valid Next Data Out Valid 

1---------~--------------

/DAV 
(Output) 

ADY 
(Input) 

\ Delayed DAV 

Delayed ADY / ·--- ---- ---~~ ----' 

Figure 29. Output Handshake Timing 

AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table 
Z86C61 /62/96 

TA= 0°c to +70°C TA= -40°C to +105°C 
20/16 MHz 20/16 MHz 

No Symbol Parameter Min Max Min Max 

1 TsDl(DAV) Data In Setup Time 0 0 
2 ThDl(DAV) Data In Hold Time 145 145 
3 TwDAV Data Available Width 110 110 
4 TdDAVl(RDY) DAV fall to RDY fall Delay 115 115 
5 TdDAVld(RDY) DAV rise to RDY rise Delay 115 115 

6 TdRDYO(DAV) RDY rise to DAV fall Delay 0 0 
7 TdDO(DAV) Data Out to DAV fall Delay TpC TpC 
8 TdDAVO(RDY) DAV fall to RDY fall Delay 0 0 
9 TdRDYO(DAV) RDY fall to DAV rise Delay 115 115 
10 TwRDY RDYWidth 110 110 
11 TdRDYOd(DAV) RDY rise to DAV fall Delay 115 115 

Data 
Direction 

IN 
IN 
IN 
IN 
IN 

IN 
OUT 
OUT 
OUT 
OUT 
OUT 

8·33 
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ZS CONTROL REGISTER DIAGRAMS 

R240SIO 

Sertal Data (DO = LSB) 

Figure 30. Serial 1/0 Register 
(FOH: Read/Write) 

R241TMR 

R242T1 

8-34 

o No Function 
1 LoadTO 

o Disable TO Count 
1 Enable TO Count 

O No Function 
1 LoadT1 

O Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gate Input 
1 O Trtgger Input 

(Non-retrlggerable) 
11 Trigger Input 

(Retriggerable) 

TOUT Modes 
oo NotUsed 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 31. Timer Mode Register 
(F1 H: Read/Write) 

T1 lnltlal Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 

Figure 32. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243 PRE1 

R244 TO 

Z86C61/62/96 
ZS® MICROCONTROLLER 

Count Mode 
O T1 Single Pass 
1 T1 ModuloN 

Clock Source 
1 T1 Internal 
O T1 External Timing Input 

(ll~Mode 

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

Figure 33. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00HEX) 

TO Current Value 
(When Read) 

Figure 34. Counter!Timer o Register 
(F4H: Read/Write) 

R245PREO 

Count Mode 
0 TO Single Pass 
1 TO Modulo N 

Reserved (Must be O) 

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

Figure 35. Prescaler 0 Register 
(FSH: Write Only) 



R246 P2M 

I D71 Dsl Dsl D41 D31 D21 D1 I Doi 

R247 P3M 

P2o - P27 1/0 Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 

Figure 36. Port 2 Mode Register 
(F6H: Write Only) 

0 Port 2 Open Drain 
1 Port 2 Push-pull 

Reserved (Must be 0) 

O P32 =Input 
P35 =Output 

1 P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34=0utput 

01} P33 = Input 
10 P34=/DM 

11} ~~~: ~~~11~~~~~ 
P31 = Input (TIN) 
P36 = Output (TOUT) 

1 P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

O P30 =Input 
P37 =Output 
P30 = Serial In 
P37 = Serial Out 

O Parity Off 
1 ParityOn 

Figure 37. Port 3 Mode Register 
(F7H: Write Only) 

Z86C61/62/96 
ZS® MICROCONTROLLER 

R248 P01M 

R249 IPR 

--,...-

POo - POo Mode 
00 Output 
01 Input 
1X A11-Aa 

Stack Selection 
o External 
1 Internal 

P17- P1o Mode 
00 Byte Output 
01 Byte Input 
10 AD1-AD0 
11 High-lmpedanceAD7 - DAo, 

/AS, /OS, /Rl/W, A11 - As, 
A1s-A12, If Selected 

Reserved (Must be O) 

P07 - P04 Mode 
00 Output 
01 Input 
1X A1s-A12 

Figure 38. Port 0 and 1 Mode Register 
(FSH: Write Only) 

L_ 1 Interrupt Group Priority 
Reserved = 000 
C>A>B=001 
A>B>C=010 
A>C > B = 011 
B>C>A=100 
C > B >A= 101 
B>A>C=110 
Reserved = 111 

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

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

IRQ3, IR05 Priority (Group A) 
0 IRQ5 > IRQ3 
1 IR03> IRQ5 

Reserved (Must be O) 

Figure 39. Interrupt Priority Register 
(F9H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

R250 IRQ 

IRQO = P32 Input (DO= IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 = TO Serial Output 
IRQ5=T1 

00 P31J. P32J. 
01 P31J. P32t 
10 P31t P32J. 
11 P31t P32t 

Figure 40. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

l~lool~l~loolool~lool 

I I._____ 1 Enables IRQS-IRQO 
(Do=IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

Figure 41. Interrupt Mask Register 
(FBH: Read/Write) 

R252 FLAGS 

8-36 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 42. Flag Register 
{FCH: Read/Write) 

R253 RP 

Z86C61/62/96 
ZS® MlcROcONTROLLER 

Expanded Register Pointer 

Working Register Pointer 

Figure 43. Register Pointer Register 
{FDH: Read/Write) 

R254 SPH 

Stack Pointer Upper 
Byte (SP1s- SPa) 

Figure 44. Stack Pointer Register 
{FEH: Read/Write) 

R255SPL 

Stack Pointer Lower 
Byte (SP7 - SPo) 

Figure 45. Stack Pointer Register 
(FFH: Read/Write) 
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ZS EXPANDED REGISTER FILE CONTROL REGISTERS 

P4M (FH) 03H 

Data 
0 Defines Level 0 
1 Defines Level 1 

Figure 46. Port 4 Data Register 
{F)02: {Read/Write) 

P40 • P47 1/0 Definition 
0 Defines Bit as Output 
1 Defines Bit as Input 

Figure 47. Port 4 Mode Register 
{F)03: {Write Only) 

'-------- Data 
0 Defines Level 0 
1 Defines Level 1 

Figure 48. Port 5 Data Register 
{F)04: {Read/Write) 

PSO - P57 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input 

Figure 49. Port 5 Mode Register 
{F)05: {Write Only) 

P45CON (FH) 06H 

0 Port 4 Open-drain 
1 Port 4 Push-pull 

Reserved (Must be O) 

0 Port 5 Open-drain 
1 Port 5 Push-pull 

Reserved (Must be O) 

Figure 50. Port 4/5 Configuration Register 
{F)06: {Write Only) 

P6 (FH) 07H 

P6M (FH) OBH 

Data 
o Defines Level O 
1 Defines Level 1 

Reserved (Must be O) 

Figure 51. Port 6 Data Register 
{F)07: {Read/Write) 

P60 - P63 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input 

Reserved (Must be 0) 

Figure 52. Port 6 Mode Register 
{F)OS: {Write Only) 

P6CON (FH) 09H 

ID1I D61 Dsl D41 Dsl D21 D1 I Doi 

L 0 Port 6 Open-drain 
1 Port 6 Push-pull 

Figure 53. Port 6 Mode Register 
{F)09: {Write Only) 
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INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

8-38 

Meaning 

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

Z86C61/62/96 
ZS® MICROCONTROu.Ei! 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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



~2il..Cl6 
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ZS® MICROCONTROLLER 

CONDITION CODES 

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus 8=0 I 

0101 Ml Minus s = 1 El 0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal z = 1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XOR 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 [Z OR (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 = 0 AND Z = 0) = 1 
0011 ULE Unsigned Less Than or Equal (C OR Z) = 1 
0000 F Never True (Always False) 
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INSTRUCTION FORMATS 

Z86C61/62/96 
ZS® MICROCONTROLLER 

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

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dsVsrc ORI 11101 dsVsrcl 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 111 0 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dsVsrc src/dst 
LDC, LOCI 

dsVsrc OPC LO 

OR I 1110 I src 

dst OPC LO 

dsVCC OPC DJNZ, JR 

RA 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst f- dst + src 

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

8-40 

OPC I MODE ADC, ADD, AND, CP, 

src OR 1 1 1 0 src 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst OR I 111o1 dst 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODEl OPC LO 

src OR 111 0 src 

dst OR 111 0 dst 

MODEl OPC LO 

dsVsrc l x 

ADDRESS 

cc l OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 

6.5 
RLC 
R1 
6.5 

2 INC 
R1 
8.0 

3 JP 
iRRi 
8.5 

4 DA 
R1 
10.5 

5 POP 
R1 
6.5 

6 COM 
R1 .. .. e. 10/12.1 

.!!! 7 PUSH 
R2 .0 

.0 
z 10.5 
~ 8 DECW 

RR1 
c. c. 
::> 6.5 

9 AL 
R1 
10.5 

A INCW 
RR1 

6.5 
B CLR 

R1 
6.5 

c ARC 
R1 

6.5 
0 SRA 

R1 
6.5 

E RR 
R1 
8.5 

F SWAP 
R1 

2 

6.5 6.5 
DEC ADD 
IR1 r1, r2 
6.5 6.5 

RLC ADC 
IR1 r1, r2 
6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SAP SBC 
iM ri, r2 
8.5 6.5 
DA OR 
IR1 r1, r2 
10.5 6.5 
POP AND 
IR1 r1, r2 
6.5 6.5 

COM TCM 
IR1 r1, r2 

12/14.1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
AL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 
IR1 r1, r2 
6.5 12.0 

RAC LDC 
IR1 r1, lrr2 
6.5 12.0 

SRA LDC 
IR1 r1, lrr2 
6.5 
RR 
IR1 
8.5 

SWAP 
IR1 

-y 
2 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 
r1, lr2 R2, R1 

6.5 10.5 
ADC ADC 
r1, lr2 R2, R1 

6.5 10.5 
SUB SUB 
r1, lr2 R2, R1 

6.5 10.5 
SBC SBC 
r1, ir2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 
r1, lr2 R2, R1 

6.5 10.5 
TCM TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 

18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 
r1, lr2 R2, R1 
18.0 
LOCI 

lr1, lrr2 
18.0 20.0 
LOCI CALL* 

lr1, lrr2 IRR1 
6.5 10.5 
LO LO 

r1, IR2 R2, R1 
6.5 
LO 

lr1, r2 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1.IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1,IM IR1, IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LO 
DA r2,x,R1 

10.5 105 10.5 
LD LO LD 

IR2, R1 R1, IM IR1, IM 
10.5 
LO , 

R2, IR1 

-y 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12110.0 6.5 
DJNZ JR LD 
r1, RA cc, RA r1,IM 

• r 1 
-y 

2 

Legend: 
R = 8-bit Address 

r = 4-bit Address 

R1 or r1 = Ost Address 

R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

cc, DA 

, 
3 

Note: Blank areas not defined. 

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

Z86C61/62/96 
ZS® MICROCONTROLLER 

E F 

6.5 
INC 
r1 r--

r--

t--

r--

t--

t-e:o 
STOP 

t""7:0 
HALT 

t--e:1 
DI 

t--e:1 
El 

~ 
RET 

'1'iUl 
IRET 

'"6:5 
ACF 

i--s:s 
SCF 

'"6:5 
CCF 

ts:o 
• NOP 

v--
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PACKAGE INFORMATION 

45• 
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El 

40-Pin Plastic DIP Package 

TOP YIE\{ 

i-----D----i 

1i-~~-D1-~~•• 

39 

I 
·-·-·+· a E 

17~' ill 
IB 2B 

NOTES• 
1. CONTROLLING DIMENSIONS • !NCH 
2. LEADS ARE COPLANAR 'w'rTHIN .004 IN. 
3. DIMENSION • -1!IL 

INCH 

A 

r-
1.219/1.067 
.048/,042 

SYMBOL 

A 
AI 

DIE 

DI/El 

D2 

El 

44-Pin PLCC Package 

SYMBOL MILLIMETER 

MIN MAX 
Al 0.51 0.81 

A2 3.25 3.43 

B 0.39 0.53 

Bl 1.02 1.52 

c 0:1!3 0.39 

D 52.07 52.59 

E 15.24 15.75 

El 13.59 14.22 

11!1 2.54 TYP 

eA 15.49 16.51 

L 3.18 3.81 

•QI 1.52 1.91 

s 1.52 2.29 

Z86C61/62/96 
ZS® MICROCONTROLLER 

INCH 

MIN MAX 
.020 .032 

.128 .135 

.015 .Ocl 

.040 .060 

.009 .015 

2.050 2.010 

.600 .620 

.535 .560 

.100 TYP 

.610 .650 

.125 .150 

.060 .075 

.060 .090 

CONTROLLING DIMENSIONS • INCH 

Al 

~ 
.026/.020 

_r• 

' _[~ D2 

' ~ 
R 1JilQ.M. 

.045/.025 

MILLIMETER 
MIN MAX 

4.27 4.57 
2.67 2.92 
17.40 17.65 

16.51 16.66 

15.24 16.00 
l.27 TYP 

INCH 
HIN MAX 

.168 .180 

.105 .us 

.685 .695 

.650 .656 

.600 .630 
.oso TYP 



32 

33 •• 

64-Pin Plastic DIP Package 

45• 

.. 

I 
El E 

~. I JJJ 
NOTE:S1 

I. CONTROLLING DIMENSIONS • INCH 
2. LEADS ARE COPLANAR IJITHIN .004 IN. 
3. DIMENSION • ..!!M_ 

INCH 

SYMBOL 

A 

Al 

DIE 

DI/El 

D2 ... 

68-Pin PLCC Package 

SYMBOL 
MILLIMETER 

MIN MAX 

Al 0.38 1.01 

A2 3.68 3.94 

B 0.38 0.53 

Bl o.94 J.09 

c 023 0.38 

D 57.40 58.17 

E 18.BO 19.30 

El 16.76 17.27 

II 1.78 TYP 

•• 19.30 20.32 

L 3.18 3.Bl 

QI 1.65 1.91 

s 1.02 1.78 

Z86C61/62/96 
Z8"' MICROCONTROLLER 

INCH 

MIN MAX 

,015 .042 
.145 .155 

.015 .021 

.037 .043 

.009 .015 

2.260 2290 
.740 .760 

.660 .680 

.070 TYP 

.760 .800 

.125 .150 

.065 .075 

.040 .010 

CONTROLLING DIMENSIONS • INCH 

A 

Al 

~ 
,026/.020 

"' ~= 
"'"' w< 
Ull< 
:c L.. 
Cl Cl 

Ef!i 
z>-
CJZ -w 
!2U 
"'Cl 
i!i>-
"' 

R Wta.il 
.045/.025 

MILLIMETER INCH 
HIN MAX HIN MAX 

4.32 4.57 .170 .180 

2.67 2.92 .105 .115 

25.02 25.40 .985 I.DOC 

24.13 24.33 .950 .958 

22.86 23.62 .900 .930 

1.27 TYP .050 TYP 
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ORDERING INFORMATION 

Z86C61/62/96 

16 MHz 
40-pin DIP 
Z86C6116PSC 

16 MHz 
64-pin DIP 
Z86C6216PSC 

20 MHz 
64-pin DIP 
Z86C9620PSC 

44-pin PLCC 
Z86C6116VSC 

68-pin PLCC 
Z86C6216VSC 

68-pin PLCC 
Z86C9620VSC 

For fast results, contact your local Zilog sales office 
for assistance in ordering the part desired. 

Codes 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Temperature 
s = 0°c to +70°C 
E = -40°C to + 105°C 

Speed 
16 = 16 MHz 
20 = 20 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86C61 16 P S C 

8-46 

is an 86C61, 16 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C61/62/96 
ZS® MICROCONmOLLER 



Z86E21 CMOS ZB® 
BK OTP Microcontroller 

Z86C61 /62/96 CMOS ZB® 
Microcontroller 

Z86C63/64 32K ROM ZB® P.m 
CMOS Microcontroller lim 

Z86C91 CMOS ZB® 
ROMless Microcontroller 

Z86C93 CMOS ZB® Multiply/ 
Divide Microcontroller 

Support Products 

Superintegration™ 
Products Guide 

Zilog•s Literature Guide 
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FEATURES 

• 8-Bit CMOS Microcontroller 

• 40-Pin DIP, 44-Pin PLCC, 64-Pin DIP, or 
68-Pin PLCC Package 

• 32 Input/Output Lines (Z86C63 Only) 

• 52 Input/Output Lines (Z86C64) 

• 3.0V to 5.5V Operating Range 

• Low Power Consumption - 200 mW (max) 

• Fast Instruction Pointer - 0.75 µs@ 16 MHz 

• Two Standby Modes - STOP and HALT 

• Full-Duplex UART 

• All Digital Inputs are TTL Levels 

GENERAL DESCRIPTION 

The Z86C63/64 microcontroller introduces a new level of 
sophistication to single-chip architecture. The Z86C63/64 
is a member of the ZS single-chip microcontroller family 
with 32 Kbytes of ROM and 256 bytes of RAM. 

The Z86C63 is housed in a 40-pin DIP, and a 44-pin PLCC 
package, and is manufactured in CMOS technology. The 
ROM\ess pin option is available on the 44-pin version only. 
The Z86C64 is housed in a 64-pin DIP, and a 6S-pin PLCC. 
Both versions of the Z86C64 have the ROM less pin option, 
which allows both external memory and preprogrammed 
ROM, enabling this ZS microcontroller to be used in high
volume applications or where code flexibility is required. 
The Z86C96 ROMless ZS will support the Z86C63/64. 

Zilog's CMOS microcontroller offers fast execution, more 
efficient use of memory, more sophisticated interrupts, 
input/output bit manipulation capabilities, and easy hard
ware/software system expansion along with low cost and 
low power consumption. 

ADVANCE PRODUCT SPECIFICATION 

Z86C63/64 
CMOS ZS® 
32K ROM MICROCONTROLLER 

• Auto Latches 

• RAM and ROM Protect 

• 32 Kbytes of ROM 

• 256 Bytes of RAM 

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

• Six Vectored, Priority Interrupts from Eight 
Different Sources 

• Clock Speeds 16 and 20 MHz 

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

• Low EM\ Emission Mode 

The Z86C63/64 architecture is characterized by Zilog's 
8-bit microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features that are useful in many indus
trial and advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the Z86C63 fulfills this with 32 pins dedicated to input and 
output. These lines are grouped into four ports with eight 
lines each. The Z86C64 has 52 pins for input and output, 
and these lines are grouped into six, 8-bit ports and one 
4-bit port. Each port is configurable under software control 
to provide timing, status signals, serial or parallel 
1/0 with or without handshake, and an address/data bus 
for interfacing external memory. 
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ADVANCE INFORMATION 

GENERAL DESCRIPTION (Continued) 

Notes: 

Z86C63/64 
ZS® MICROCONTROLLER 

There are three basic address spaces available to support 
this wide range of configurations: Program Memory, Data 
Memory, and 236 General-Purpose Registers. 

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

To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu
nication, the Z86C63/64 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
universal asynchronous receiver/transmitter (UART) (Fig
ures 1 and 2). 

Power connections follow conventional descriptions below: 

9-2 

Output Input 

UART 

Counter/ 
TI me rs 

(2) 

Interrupt 
Control 

1/0 
(Bit Programmable) 

Connection Circuit 

Vee GND 

i i 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Address or 1/0 
(Nibble Programmable) 

Power 
Ground 

XTAL /AS /DS R//W /RESET 

Machine Timing and 
Instruction Control 

Prg. Memory 
32,768 
x 8-Bit 

Address/Data or 1/0 
(Byte Programmable) 

Figure 1. Z86C63 Functional Block Diagram 

Device 



ADVANCE INFORMATION 

Output Input Vee GND 

i i 
UART ALU 

Flags 
Counter/ 

Timers (2) 

Register 
Pointer 

Interrupt 
Control 

1/0 Address or 1/0 

1/0 
(Bit Programmable) (Nibble Programmable) 

(Bit Programmable) 

Figure 2. Z86C64 Functional Block Diagram 

Z86C63/64 
ZS"' MICROCONlllOLI.ER 

XTAL /AS IDS R//W /RESET 

Machine Timing and 
Instruction Control 

Program 
Memory 

32,768 x 8-Bit 

Address/Data or 1/0 
(Byte Programmable) 
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't'ZiUl6 ADVANCE INFORMATION 
ZB6C63/64 

Z8® MICROCONTROLLER 

PIN DESCRIPTION 

Table 1. Z86C63 40-Pin DIP Pin Identification 
vcc 40 P36 

XTAL2 2 39 P31 Pin# Symbol Function Direction 

XTAL1 3 38 P27 1 Vee Power Supply Input 

P37 4 37 P26 2 XTAL2 Crystal, Oscillator Clock Output 
3 XTAL1 Crystal, Oscillator Clock Input 

P30 5 36 P25 4 P37 Port 3, Pin 7 Output 
/RESET 6 35 P24 5 P30 Port3, Pin 0 Input 

RJNJ 7 34 P23 6 /RESET Reset Input 
IDS 8 33 P22 7 RINI ReadN/rite Output 

/AS 9 32 P21 8 /DS Data Strobe Output 

P35 10 31 P20 
9 /AS Address Strobe Output 

Z86C63 10 P35 Port 3, Pin 5 Output 
GND 11 DIP 30 P33 

P32 12 29 P34 
11 GND Ground Input 
12 P32 Port 3; Pin 2 Input 

POO 13 28 P17 13-20 PO?-POO Port 0, Pins 0 through 7 In/Output 
P01 14 27 P16 21-28 P17-P10 Port 1, Pins O through 7 In/Output 

P02 15 26 P15 29 P34 Port 3, Pin 4 Output 

P03 16 25 P14 30 P33 Port 3, Pin 3 Input 

P04 17 24 P13 31-38 P27-P20 Port 2, Pins 0 through 7 In/Output 
39 P31 Port 3, Pin 1 Input 

P05 18 23 P12 40 P36 Port 3, Pin 6 Output 
P06 19 22 P11 

P07 20 21 P10 

Figure 3. Z86C63 40-Pin DIP 
Pin Assignments 
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Pin# Symbol 

1 Vee 
2 XTAL2 
3 XTAL1 
4 P37 
5 P30 

6 N/C 
7 /RESET 
8 RIMI 
9 /DS 
10 /AS 

11 P35 
12 GND 
13 P32 
14-16 P02-POO 

/RESET 

R//W 

IDS 

/AS 

P35 

GND 

P32 

POO 

P01 

P02 
/ROM less 

Function 

ADVANCE INFORMATION 

::::i ~ (..) <O " <O ll) 

~ g ~ ~ ~ (..) "' c;:; C\I C\I C\I 
Cl. Cl. > Cl. Cl. Cl. Cl. Cl. 

6 5 4 3 2 1 44434241 40 

7 39 N/C 

8 38 P24 

9 37 P23 

10 36 P22 

11 35 P21 

12 Z86C63 34 P20 
PLCC 

13 33 P33 

14 32 P34 

15 31 P17 

16 30 P16 

17 29 P15 

18 19 20 21 22 23 24 25 26 27 28 

8 t!; § ~ " 0 ~ C\I "' .... (..) 
Cl. Cl. Cl. Cl. ~a:o:o:o:o:z 

Figure 4. Z86C63 44-Pin PLCC Pin Assignments 

Table 2. Z86C63 44-Pin PLCC Pin Identification 

Direction Pin# Symbol Function 

Z86C63/64 
Z8® MICROCONTROUfR 

Direction 

Power Supply Input 17 /ROM less ROM/ROMless control Input 
Crystal, Oscillator Clock Output 18-22 P07-P03 Port 0, Pins 3,4,5,6,7 In/Output 
Crystal, Oscillator Clock Input 23-27 P14-P10 Port 1, Pins 0, 1,2,3,4 In/Output 
Port 3, Pin 7 Output 28 N/C Not Connected Input 
Port 3, Pin 0 Input 

29-31 P17-P15 Port 1, Pins 5,6,7 In/Output 
Not Connected Input 32 P34 Port 3, Pin 4 Output 
Reset Input 33 P33 Port 3, Pin 3 Input 
ReadM/rite Output 34-38 P24-P20 Port 2, Pins 0, 1,2,3,4 In/Output 
Data Strobe Output 
Address Strobe Output 39 N/C Not Connected Input 

40-42 P25-P27 Port 2, Pins 5,6,7 In/Output 
Port 3, Pin 5 Output 43 P31 Port 3, Pin 1 Input 
Ground Input 44 P36 Port3, Pin 6 Output 
Port 3, Pin 2 Input 
Port 0, Pins 0, 1,2 In/Output 
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•2it.m ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONlROLI.ER 

PIN DESCRIPTION (Continued) 

Table 3. Z86C64 64-Pin DIP Pin Identification 
P44 64 P43 

vcc 2 63 P42 Pin# Symbol Function Direction 

P45 3 62 P36 1 P44 Port 4, Pin 4 In/Output 

XTAL2 4 61 P31 2 Vee Power Supply Input 

XTAL1 5 60 
3 P45 Port 4, Pin 5 In/Output 

P41 
4 XTAL2 Crystal, Oscillator Clock Output 

P37 6 59 P40 5 XTAL1 Crystal, Oscillator Clock Input 
P30 7 58 P27 

6 P37 Port 3, Pin 7 Output 
N/C 8 P26 7 P30 Port 3, Pin 0 Input 

/RESET 9 56 P25 8 N/C Not Connected Input 

RINI 10 55 P24 9 /RESET Reset Input 

IDS 11 54 P23 
10 R//W Read/Write Output 

P46 12 P22 11 /DS Data Strobe Output 

P47 13 52 P60 12-13 P47-P46 Port 4, Pin 6, 7 In/Output 
14 /AS Address Strobe Output 

/AS 14 51 P61 15 P35 Port3, Pin 5 Output 
P35 15 P21 

Z86C64 16 /ROMless ROM/ROMless control Input 
/ROM less 16 DIP 49 P20 17 GND Ground Input 

GND 17 GND 18 P32 Port 3, Pin 2 Input 
P32 18 P33 19-20 P51-P50 Port5, Pin 0,1 In/Output 

P50 19 P34 21-28 P07-POO Port 0, Pins 0 through 7 In/Output 
P51 20 P62 29 Vee Power Supply Input 

POO 21 P63 30-33 P52-P55 Port 5, Pins 2,3,4,5 In/Output 
34-35 P11-P10 Port 1, Pins 0, 1 In/Output 

P01 22 P17 36-37 P57-P56 Port 5, Pins 6,7 In/Output 
P02 23 P16 

P03 41 P15 
38-43 P17-P12 Port 1, Pins 2,3,4,5,6,7 In/Output 

24 
44-45 P63-P62 Port 6, Pins 3,2 In/Output 

P04 25 P14 46 P34 Port 3, Pin 4 Output 
P05 26 P13 47 P33 Port 3, Pin 3 Input 

P06 27 P12 48 GND Ground Input 

PO? 28 P57 49-50 P21-P20 Port 2, Pins 0, 1 In/Output 

vcc 29 P56 51-52 P61-P60 Port 6, Pins 1,0 In/Output 

P52 30 P11 
53-58 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 
59-60 P41-P40 Port 4, Pins 0, 1 In/Output 

P53 31 P10 

P54 32 P55 61 P31 Port 3, Pin 1 Input 
62 P36 Port 3, Pin 6 Output 
63 P42 Port 4, Pin 2 In/Output 
64 P43 Port 4, Pin 3 In/Output 

Figure 5. Z86C64 64-Pin DIP Pin Assignments 
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9 
R//W 10 

/PODS 11 

/DS 12 

P46 13 

P47 14 

/P1DS 15 

/AS 16 

/Dlimers 17 

P35 18 

/ROM less 19 

GND 20 

P32 21 

P50 22 

P51 23 

POO 24 

P01 25 

P02 26 

ADVANCE INFORMATION 

8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

Z86C64 
PLCC 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

Figure 6. Z86C64 68-Pin PLCC Pin Assignments 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

P24 

P23 

P22 

P60 

P61 

P21 

P20 

SCLK 

Z86C63/64 
ZS® MICROCONTROLLER 

/SYNC 

GND 

P33 

P34 

P62 

P63 

P17 

P16 

P15 

9-7 

El 



~2iUJ6 ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

PIN DESCRIPTION (Continued) 

Table 4. Z86C64 68-Pin PLCC Pin Identification 

Pin# Symbol Function Direction Pin # Symbol Function Direction 

1-2 P44-P43 Port 4, Pins 3,4 In/Output 24-31 P07-POO Port 0, Pins 0 through 7 In/Output 
3 Vee Power Supply Input 32 Vee Power Supply Input 
4 P45 Port 4, Pin 5 In/Output 33-36 P55-P52 Port 5, Pins 2,3,4,5 In/Output 
5 XTAL2 Crystal, Oscillator Clock Output 37-38 P11-P10 Port 1, Pins 0, 1 In/Output 
6 XTAL1 Crystal, Oscillator Clock Input 

39-40 P56-P57 Port 5, Pins 6,7 In/Output 
7 P37 Port 3, Pin 7 Output 41-46 P17-P12 Port 1, Pins 2,3,4,5,6, 7 In/Output 
8 P30 Port 3, Pin 0 Input 47-48 P63-P62 Port 6, Pins 3,2 In/Output 
9 /RESET Reset Input 49 P34 Port 3, Pin 4 Output 
10 R/NV ReadNJrite Output 50 P33 Port 3, Pin 3 Input 
11 /PODS Port 0 Data Strobe Output 

51 GND Ground Input 
12 /OS Data Strobe Output 52 /SYNC Synchronization Output 
13-14 P47-P46 Port 4, Pins 6, 7 In/Output 53 SCLK System Clock Output 
15 /P1DS Port 1 , Data Strobe Output 54-55 P21-P20 Port 2, Pins 0, 1 In/Output 
16 /AS Address Strobe Output 56-57 P60-P61 Port 6, Pins 1,0 In/Output 
17 /DTIMER DTIMER Input 

58-63 P27-P22 Port 2, Pins 2,3,4,5,6,7 In/Output 
18 P35 Port 3, Pin 5 Output 64-65 P41-P40 Port 4, Pins 0, 1 In/Output 
19 /ROM less ROM/ROMless control Input 66 P31 Port 3, Pin 1 Input 
20 GND Ground Input 67 P36 Port 3, Pin 6 Output 
21 P32 Port 3, Pin 2 Input 68 P42 Port 4, Pin 2 In/Output 
22-23 P51-P50 Port 5, Pins 0, 1 In/Output 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

PIN FUNCTIONS 

/ROMless (input, active Low). This pin, when connected to 
GND, disables the internal ROM and forces the device to 
function as a Z86C96 ROMless ZB. (Note: When left 
unconnected or pulled High to V cc the part functions as a 
normal Z86C63l64 ROM version.) This pin is only available 
on the 44-pin version of the Z86C63, and both versions of 
the Z86C64, and has internal pull-up. 

JDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /OS. For 
WRITE operations, the falling edge of /OS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once 
at the beginning of each machine cycle. Address out
put is through Port 1 for all external programs. Memory 
address transfers are valid at the trailing edge of /AS. 
Under program control, /AS can be placed in the high
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 

XTAL 1, XTAL2 Crystal 1, Crystal 2 (time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, write Low). The Read/Write signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C63/64 is equipped with a 
reset filter of four external clocks (4TpC). If the external I 
RESET signal is less than 4TpC in duration, no reset 
occurs. 

On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /OS is 
held active Low while /AS cycles at a rate of TpC/2. When 
/RESET is deactivated, program execution begins at loca
tion OOOC (HEX). Reset time must be held Low for 50 ms, 
or until Vee is stable, whichever is longer. 

Stop-Mode Recovery is accomplished by resetting the 
device. 

/PODS Port 0 Data Strobe (output, active Low). Signal used 
to emulate Port 0 when in ROMless mode. 

/P1DS Port 1 Data Strobe(output, active Low). Signal used 
to emulate Port 1 when in ROMless mode. 

/DTIMERS Disable Timers (input, active Low). All timers 
are stopped by the Low level at this pin. This pin has an 
internal pull up resistor. 

SCLK (output). System clock pin. 

/SYNC Instruction SYNC Signal(output, active Low). This 
signal indicates the last clock of the current executing 
instruction. 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

PIN FUNCTIONS (Continued) 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TIL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address port for interfacing external memory. 
When used as an 1/0 port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 

Z86C63 
MCU 

For external memory references, Port 0 can provide ad
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port 0 can be programmed independently as 1/0 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. 

In ROMless mode, after a hardware reset, Port 0 lines are 
defined as address lines A 15-AB, and extended timing is 
set to accommodate slow memory access. The initializa
tion routine includes reconfiguration to eliminate this ex
tended timing mode (Figure 7). 

} 
Handshake Controls 
/DAVO and RDYO 

i------ (P32 and P35) 

OEN 

Out 

In 

9-10 

TIL Level Shifter 

-------------------- i 
I 
I 
I 
I 
I 
I 

I Rz5QQKQ I 
~------------------------J 

Figure 7. Port 0 Configuration 
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Auto Latch 



ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, 
bidirectional, TIL compatible port. It has multiplexed Ad
dress (A7-AO) and Data (07-DO) ports. For Z86C63/64, 
these eight 1/0 lines can be programmed as Input or 
Output lines or can be configured under software control 
as an address/data port for interfacing external memory. 
When used as an 1/0 port, Port 1 may be placed under 
handshake control. In this configuration, Port 3 line P33 
and P34 are used as the handshake controls RDY1 and 
/DAV1. 

OEN 

Out 

In 

Z86C63 
MCU 

TIL Level Shifter 

Memory locations greater than 32,768 are referenced 
through Port 1. To interface external memory, Port 1 must 
be programmed for the multiplexed Address/Data mode. 
If more than 256 external locations are required, Port 0 
must output the additional lines. 

Port 1 can be placed in high-impedance state along with 
Port 0, /AS, /OS, and R//W, allowing the microcontroller to 
share common resources in multiprocessor and OMA 
applications. Data transfers can be controlled by assign
ing P33 as a Bus Acknowledge input, and P34 as a Bus 
request output (Figure 8). 

Port 1 
(AD7-ADO) 

PAD 

Figure 8. Port 1 Configuration 
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AD VANCE INFORMA T!ON 
Z86C63/64 

ZS® MICROCONTROLLER 

PIN FUNCTIONS (Continued) 

Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input 
or output or globally as an open-drain output. Port 2 is 
always available for 1/0 operation. When used as an 1/0 

Z86C63 
MCU 

port, Port 2 may be placed under handshake control. In this 
configuration, Port 3 lines P31 and P36 are used as 
the handshake control lines /DAV2 and RDY2. The hand
shake signal assignment for Port 3 lines P31 and P36 is 
dictated by the direction (input or output) assigned to P27 
(Figure 9). 

Port 2 (1/0) 

} 
Handshake Controls 

---- /DAV2 and RDY2 

Open-Drain 

OEN 

Out 

In 

9-12 

TIL Level Shifter 

(P31 and P36) 

-------------------- i I 
I 
I 
I 
I 
I 

: R~500KQ : 

~------------------------J 

Figure 9. Port 2 Configuration 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

Port3(P37-P30). Port3 is an 8-bit, CMOScompatiblefour
fixed input and four-fixed output port. These eight 1/0 
lines have four-fixed (P33-P30) input and four-fixed (P37-

P34) output ports. Port 3, when used as serial 1/0, are 
programmed as serial in and serial out, respectively 
(Figure 10). Port 3 inputs have Auto Latches. 

MCU 
Port3 
(110 or Control) 

PAD 

Out 

Port 3 Output Configuration PAD 
In 

r -------------------- -i I I 

I I Auto Latch 
I I 
I I 
I I 
I Rz5QQKQ I 
~------------------------~ 

Port 3 Input Configuration 

Figure 10. Port 3 Configuration 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

PIN FUNCTIONS (Continued) 

Port3 can be configured under software control to provide 
the following control functions: handshake for Ports 0 and 
2 (/DAV and ROY); four external interrupt request signals 

(IRQ3-IRQO); timer input and output signals (T1N and Tour), 
and Data Memory Select (/DM). 

Table 5. Port 3 Pin Assignments 

Pin 

P30 
P31 
P32 
P33 

P34 
P35 
P36 
P37 
TO 
T1 

Notes: 

1/0 

IN 
IN 
IN 
IN 

OUT 
OUT 
OUT 
OUT 

HS = Handshake Signals 
D =Data Available 
R =Ready 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

UART OPERATION 

Port 3 lines P30 and P37, can be programmed as serial 
1/0 lines for full-duplex serial asynchronous receiver/trans
mitter operation. The bit rate is controlled by the Counter/ 
TimerO. 

The Z86C63/64 automatically adds a start bit and two stop 
bits to transmitted data (Figure 11 ). Odd parity is also 
available as an option. Eight data bits are always transmit
ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Transmitted Data (No Parity) 

Transmitted Data (Wlth Parity) 

L 

T.___I -

Start Bit 

Eight Data Bits 

Two Stop Bits 

Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Note: UART function is only available when the Z86C63/64 
is in standard timing mode (i.e., P01 M 05 = 0). 

Received Data (No Parity) 

I sPI D71 Del Dsl D41 Dsl D21 D1 I ool sTI 

L 

Received Data (With Parity) 

I sPI PI Del Dsl D41 Dsl D21 D1 I ool sTI 

Start Bit 

Eight Data Bits 

One Stop Bit 

I I 
L StartBit 

Seven Data Bits 

Parity Error Flag 

One Stop Bft 

Figure 11. Serial Data Formats 
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ADVANCE INFORMATION 

UART OPERATION (Continued) 

Z86C63/64 
ZS® MICROCONTROLLER 

Port 4 (P47-P40). Port 4 is an 8-bit, bit programmable, 
bidirectional, CMOS compatible port. Each of these eight 
1/0 lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 4 is always 
available for 1/0 operation (Figure 12). Port address (F)02. 

Port 6 (P63-P60). Same as Port 4. (Note: this is a 4-bit port, 
Bits 03 to DO.) Port address (F)07. 

Port 5 (P57-P50). Same as Port 4. Port address (F)04. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not being driven by any source. 

"6063~1 
McJ3 ~ Port4(1/0) 

I _pJ I 
Open-Drain 

OEN 

PAD 

Out 

TIL Level Shifter 

In 

r -------------------- i 
I I 
I I 
I I 
I I 
I I 
I I I R~SOOKQ : 

~------------------------J 

Auto Latch 

Figure 12. Port 4 Configuration 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

FUNCTIONAL DESCRIPTION 

Address Space 

Program Memory. The Z86C63/64 can address up to 32 
Kbytes of external program memory (Figure 13). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that 
correspond to the six available interrupts. For ROM mode, 
byte 13 to byte 32,768 consists of on-chip ROM. At 
addresses 32,768 and greater, the Z86C63/64 executes 
external program memory fetches. The Z86C96, and the 
Z86C63/64 in ROMless mode, can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 

6 5535 

3 

3 

2,768 

2,767 

External 
ROM and RAM 

On-Chip ROM 

------------Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

12...., ~ 
11 

10 

9 

8 

7 

6 

5 "'-
......... ...!-1 

3 

2 

1 

0 

IRQ5 

IRQ5 

IRQ4 

IRQ4 

IRQ3 

IRQ3 

IRQ2 

IRQ2 

IRQ1 

IRQ1 

IRQO 

IRQO 

Figure 13. Program Memory Configuration 

Data Memory (/OM). The ROM version can address up to 
32 Kbytes of external data memory space beginning at 
location 32,768. The ROMless version can address up to 
64 Kbytes of external data memory. External data memory 
may be included with, or separated from, the external 
program memory space. /OM, an optional 1/0 function that 
can be programmed to appear on pin P34, is used to 
distinguish between data and program memory space 
(Figure 14). The state of the /OM signal is controlled by the 
type instruction being executed. An LDC opcode refer
ences PROGRAM (/OM inactive) memory, and an LOE 
instruction references DATA (/OM active Low) memory. 

65535 

32,768 

32,767 

0 

External 
Data 

Memory 

Not Addressable 

Figure 14. Data Memory Configuration 

9-17 

I 

DI 



ADVANCt INFORMATION 

FUNCTIONAL DESCRIPTION (Continued) 

Z86C63/64 
ZS"' MICROCONTROLLER 

Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 15). There are eight further 

registers for 1/0 ports 4, 5 and 6 in the Expanded Register 
File (Bank F, R9-R2) (Figure 16). 
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Location 

R255 

R254 

R253 

R252 

R251 

R250 

R249 

R248 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 

R239 

R4 

R3 

R2 

R1 

RO 

Stack Pointer (Bits 7-0) 

Stack Pointer (Bits 15-8) 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port 3 Mode 

Port 2 Mode 

TO Prescaler 

llmer/CounterO 

T1 Prescaler 

11mer/Counter1 

llmer Mode 

Serial 1/0 

General-Purpose 
Registers 

Port 3 

Port 2 

Port 1 

Port 0 

Figure 15. Register File 

ldentniers 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 



REGISTER POINTER 

ADVANCE INFORMATION 

ZS STANDARD CONTROL REGISTERS 

Z86C63/64 
ZS® MICROCONT!IOLLER 

RESET CONDITION 

REGISTER 

o/oFF SPL u u u u u u u u 

l1lslsl4lal2l1lol %FE SPH 

%FD RP 

u u u u u u u u 
0 0 0 0 0 0 0 0 

Working Register J l Expanded Register %FC FLAGS 
Gro~Pointer Gro!!Q_Pointer 

%FB IMR 

u u u u u u u u 
0 u u u u u u u 

o/oFA IRQ 0 0 0 0 0 0 0 0 

%F9 IPR u u u u u u u u 
i o/oFS P01M 0 1 0 0 1 1 0 1 

/ 
%F7 P3M 

%F6 P2M 

%F5 PREO 

ZS Reg. File % F4 TO 

0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 

u u u u u u u 0 

u u u u u u u u 
%FF %F3 PRE1 u u u u u u 0 0 
%FO --- %F2 T1 r-------__ %F1 TMR 

%FO SIO 

u u u u u u u u 
0 0 0 0 0 0 0 0 

u u u u u u u u 

EXPANDED REG. GROUP (F) 

REGISTER RESET CONDITION 

%(F)OF Reserved 
%7F 

%(F)OE Reserved 

%(F)OD Reserved 

%(F)OC Reserved 

%(F)OB Reserved 

%(F)OA ICE 0 

Reserved %(F)09 P6M 

%(F)OB P6D 

%(F)07 P6 
%OF 

u u u u 

%00 %(F)06 P45M 

%(F)05 P5D 

%(F)04 P5 u u u u u u u u 

%(F)03 P4D 

%(F)02 P4 u u u u u u u u 
%(F)01 Reserved 

%(F)OO Reserved 

EXPANDED REG. GROUP (0 

REGISTER RESET CONDITION 

%(0)03 P3 1 1 1 1 u u u u 

%(0)02 P2 u u u u u u u u 
%(0)01 P1 u u u u u u u u 
%(0)00 PO u u u u u u u u 

U =Unknown 

t •For Z86C96 (ROMless) Resetcondition:"10110110" 

Figure 16. Expanded Register File Architecture 
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ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

FUNCTIONAL DESCRIPTION (Continued) 

The instructions can access registers directly or indirectly 
through an 8-bit address field. The Z86C63/64 also allows 
short 4-bit register addressing using the Register Pointer 
(Figure 17). In the 4-bit mode, the Register File is divided 
into 16 working register groups, each occupying 16 con
tinuous locations. The Register Pointer addresses the 
starting location of the active working-register group. 

R253 RP 

Expanded Register Group 

Working Register Group 

Default Setting After Reset= 00000000 

Fi;t:r~ 17. ~egisic:;- Puinier Register 

Expanded Register File. The register file has been ex
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with 1/0 ports into the register address area. The ZS 
register address space RO through R15 has now been 
implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of Register RP select the working 
register group. Bits 3-0 of Register RP select the expanded 
register group (Figure 18). Eight 1/0 port registers reside in 
the Expanded Register File at Bank F. The rest of the 
Expanded Register is not physically implemented and is 
open for future expansion. 

The upper nibble of the register pointer (Figure 17) selects 
which group of 16 bytes in the register file, out of the full 
256, will be accessed. The lower nibble selects the ex
panded register file bank and in the case of the Z86C63/ 
64, only Bank Fis implemented. A OH in the lower nibble will 
allow the normal register file to be addressed, but any other 
value from 1 H to FH will exchange the lower 16 registers in 
favor of an expanded register group of 16 registers. 
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For example: 

Z86C63: (See Figures 15 and 16) 

R253 RP= OOH 

But If: 

R253 RP= OFH 

Further examples: 

SRP #OFH 
LO R2, #10010110 

LO 2, #10010110 

LO 9, #11110000 
SRP #1FH 
LO R2, #11010110 

LO 12H, #11010110 

LO 2, #10010110 

RO= Port 0 
R1 = Port 1 

RO = Reserved 
R1 = Reserved 
R2 =Port 4 

R2 =Port 2 
R3 =Port 3 

R3 = Port 4, Direction Register 
R9 = Port 6, Mode Register 

Set working group 0 and Bank F 
Load value into Port 4 using 
working register addressing. 
Load value into Port 4 using 
absolute addressing. 
Load value into Port 6 mode. 
Set working group 1 and Bank F 
Load value into general-purpose 
register 12H 
Load value into general-purpose 
register 12H 
Load value into Port 4 

RAM Protect. The upper portion of the RAM's address 
spaces 80FH to EFH (excluding the control registers) can 
be protected from reading and writing. The RAM Protect 
bit option is mask-programmable and is selected by the 
customer when the ROM code is submitted. After the mask 
option is selected, the user can activate from the internal 
ROM code to turn off/on the RAM Protect by loading a bit 
06 in the IMR register to either a 0 or a 1, respectively. A 
1 in 06 indicates RAM Protect enabled. 



ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

ROM Protect. The first 32 Kbytes of program memory is 
mask programmable. A ROM protect feature prevents 
"dumping" of the ROM contents by inhibiting execution of 
LDC, LOCI, LOE, and LDEI instructions by external pro
gram memory when pointing to internal memory locations. 
Therefore these instructions can be used only when they 
are executed from internal memory, or if they are executed 
from external memory and pointing to external memory 
locations. 

The ROM Protect option is mask-programmable, to be 
selected by the customer at the time when the ROM code 
is submitted. 

--.-.( :: I r7 r6 r5 r4 I r3 r2 r1 rO I R253 

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

the active working-register group. 

7F 

Register Group 7 } R15toRO 
70 

2F 

20 
1F 

10 
OF 

00 

Specified Working 
Register Group 

.._f-

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

Register Group 1 

Register Group O 

~-----------------l/OPorts• 

~ R15toRO 

R15 to R4 

R3to RO 

•sits 03 to DO are "O" in Register 253. 

Figure 18. Register Pointer 

Stack. The Z86C63/64 has a 16-bit Stack Pointer (R255-
R254) used for external stack that resides anywhere in the 
data memory for the ROM less mode, but only from 32, 768 
to 65535 in the ROM mode. An 8-bit Stack Pointer (R255) 
is used for the internal stack that resides within the 236 
general-purpose registers (R239-R4). The high byte of the 
Stack Pointer (SPH-Bit 8-15) can be used as a general 
purpose register when using internal stack only. 

Counter/Timers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler can be driven by 
internal or external clock sources; however, the TO prescaler 
is driven by the internal clock only (Figure 19). 

The 6-bit prescalers can divide the input frequency of the 
clock source by any integer number from 1 to 64. Each 
prescaler drives its counter, which decrements the value 
(1 to256)thathas been loaded into the counter. When both 
the counters and prescaler reach the end of the count, a 
timer interrupt request, IRQ4 (TO) or IRQ5 (T1), is gener
ated. 

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 counter, but not the prescalers, can be read at any 
time without disturbing their value or count mode. The 
clock source for T1 is user-definable and can be either the 
internal microprocessor clock divided-by-four, or an exter
nal signal input through Port 3. The Timer Mode register 
configures the external timer input (P31) as an external 
clock, a trigger input that can be retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3, line P36, also serves as a timer output (T curl through 
which TO, T1 or the internal clock can be output. The 
counter/timers can be cascaded by connecting the TO 
output to the input of T1. 

Note: When the Z86C63/64 is in extended timing mode 
(P01 M 05 = 1 ), the system clock output on P36 will stretch 
by one clock cycle during data strobes. 
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FUNCTIONAL DESCRIPTION (Continued) 
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--- Internal 
Clock 

Clock 
Logic 

TIN P31 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Internal Data Bus 

Write 

Write 

TO 
Initial Value 

Register 

8-bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Figure 19. Counter!Timers Block Diagram 

Read 

Read 

TO 
Current Value 

Register 

IRQ5 

T1 
Current Value 

Register 

Z86C63/64 
ZS® MICROCONTROLLER 
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Interrupts. The Z86C63/64 has six different interrupts 
from eight different sources. The interrupts are maskable 
and prioritized. The eight sources are divided as follows: 
four sources are claimed by Port 3 lines P33-P30, one in 
Serial Out, one is Serial In, and two in the counter/timers 
(Figure 20). The Interrupt Mask Register globally or indi
vidually enables or disables the six interrupt requests. 
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 Z86C63/64 
interrupts are vectored through locations in the program 
memory. When an interrupt machine cycle is activated, an 
interrupt request is granted. Thus, this disables all of the 
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 address of 
the interrupt service routine for that particular interrupt 
request. 

To accommodate polled interrupt systems, interrupt in
puts are masked and the Interrupt Request register is 
polled to determine which of the interrupt requests 
need service. Software initialed interrupts are supported 
by setting the appropriate bit in the Interrupt Request 
Register (IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction. The interrupt request 
must be valid 5TpC before the falling edge of the last clock 
cycle of the currently executing instruction. 

For the ROMless mode, when the device samples a valid 
interrupt request, the next 48 (external) clock cycles are 
used to prioritize the interrupt, and push the two PC bytes 
and the FLAG register onto the stack. The following nine 
cycles are used to fetch the interrupt vector from external 
memory. The first byte of the interrupt service routine is 
fetched beginning on the 58th TpC cycle following the 
internal sample point, which corresponds to the 63rd TpC 
cycle following the external interrupt sample point. 

IRQO-IRQ5 

Interrupt 
Request 

Global 
Interrupt 
Enable IPR 

Vector Select 

Figure 20. Interrupt Block Diagram 

6 
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ADVANCE INFORMATION 
Z86C63164 

ZS® MICROCONTROLLER 

FUNCTIONAL DESCRIPTION (Continued) 

Clock. The Z86C63/64 on-chip oscillator has a high-gain, 
para/lei-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should beAT 
cut, 1 MHz to 20 MHz max, and series resistance (RS) is 
less than or equal to 100 Ohms. The crystal should be 
connected across XTAL 1 and XTAL2 using the recom
mended capacitors (10 pF <CL< 100 pF) from each pin 
to device ground (Figure 21). 

Note: Actual capacitor values specified by the crystal 
manufacturer. 

Ceramic Resonator 
or Crystal 

LC Clock External Clock 

Figure 21. Oscillator Configuration 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 10 µA or less. The STOP mode is terminated by a 
reset, which causes the processor to restart the applica
tion program at address OOOCH. 

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

FF NOP 
6F STOP 

FF NOP 
?F HALT 

PCON (FH) OFH 

"Default Setting After RESET 

; clear the pipeline 
; enter STOP mode 
or 
; clear the pipeline 
; enter HALT mode 

Low EMI Oscillator 
0 Low EMI 
1 Standard" 

Low EMI Ports 5-0 
0 Low EM/ 
1 Standard" 

Reserved (Must be O) 

Figure 22. Port Configuration Register (PCON) 
(Read/Write) 

Port Configuration Register (PCON). The PCON register 
configures the ports; low EMI on Ports 0, 1, 2, 3, 4, and 5, 
and low EMI oscillator. The PCON register is located in the 
expanded register file at bank F, location 00 (Figure 22). 

Low EMI Ports (01). Ports can be configured as Low EM/ 
Ports by resetting this bit (01 = 0) or configured as 
Standard Ports by setting this bit (01 = 1 ). The default 
value is 1. 

Low EMI OSC (DO). This bit of the PCON Register controls 
the low EMI noise oscillator. A 1 in this location configures 
the oscillator with standard drive, while a 0 configures the 
oscillator with low noise drive. The low EM/ mode will 
reduce the drive of the oscillator (OSC). 

Selecting the Low EMI oscillator changes the internal ZS 
system clock from XTAL/2 to XTAL/1. Maximum clock 
speed is 4 MHz. 
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Z86C63/64 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min 

V cc Supply Voltage* -0.3 
TsrG Storage Temp -65 
TA Oper AmbientTemp t 

Notes: 
• Voltages on all pins with respect to GND. 
t See ordering information 

STANDARD TEST CONDITIONS 

Max Units 

+7.0 v 
+150 c 

t 

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

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

From Output n------------
UnderTest 

t I 

I 
150 pF 

Figure 23. Test Load Diagram 
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~2iUJG ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

DC ELECTRICAL CHARACTERISTICS 
Z86C63 

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

Sym Parameter Min Max Min Max 25°C Units Conditions 

Max Input Voltage 7 7 v 11N < 250 µ/\ 
veH Clock Input High Voltage 0.85 Vee Vee+ 0.3 0.85 Vee Vee+ 0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage vss-0.3 0.8 vss-0.3 0.8 v Driven by External Clock Generator 

VIH Input High Voltage 2 Vee+ 0.3 2 Vee+ 0.3 v 
V1L Input Low Voltage vss-0.3 0.2 Vee vss-0.3 0.2 Vee v 
VOH Output High Voltage 2.4 2.4 v l0H=-2.0 mA 

VOH Output High Voltage Vcc-100 mV Vcc-100 mV v l0H=-100µ/\ 
VOH Output High Voltage (Low EMI) 2.4 2.4 v l0H =-2.0 mA 
VOL Output Low Voltage 0.4 0.4 v l0L = +5.0 mA [3] 
VOL Output Low Voltage (Low EMI) 0.4 0.4 v l0L = +2.0 mA [3] 
V". Outp11t I nw Voltage 0.6 nc v i0L = +4.0 mA [2] u.u 

v~~ Output Low Voltage (Low EMI) 0.6 0.6 v l0L = +2.0 mA [21 
VRH Reset Input High Voltage 0.85 Vee vcc+0.3 0.85 Vee Vee+ 0.3 v 

VRI Reset Input Low Voltage -0.3 0.2 Vee -0.3 0.2 Vee v 
l1L Input Leakage -2 2 -2 2 µA VIN= 0 V, Vee 
IOL Output Leakage -2 2 -2 2 µA V1N=OV, Vee 

llR Reset Input Current -80 -80 µA VRL =OV 
Ice Supply Current (Standard Mode) 35 35 24 mA [1]@16 MHz 

Ice Supply Current (Standard Mode) 40 40 30 mA [1]@20 MHz 

Ice Supply Current (Low EMI) 6.0 4.0 mA @4MHz 
ICC1 Standby Current (Standard Mode) 15 15 4.5 mA [1] HALT Mode VIN=OV, vcc@16 MHz 
ICC1 Standby Current (Low EMI) 1.6 0.8 mA @4MHz 

lce2 Standby Current 10 20 5 µA [1] STOP Mode V1N = 0 V, Vee 
IALL Auto Latch Low Current -14 14 -20 20 5 µA 

Notes: 
(1] All inputs driven to either OV or V00 , outputs floating. 
(2] V cc= 3.0V to 3.6V 
[3] V cc = 4.5V to 5.5V 
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AC CHARACTERISTICS 

R//W 

PortO,/DM 

Port 1 

/AS 

/DS 
(Read) 

Port 1 

/DS 
(Write) 

A7-AO D7- DO OUT 

i------(117'1-----1~ 

Figure 24. External 1/0 or Memory Read/Write 

Z86C63/64 
ZS® MICROCONTROLLER 

9-27 

I, 

I 

I 
I 



ADVANCE INFORMATION 
Z86C63/64 

ZS® MICROCONTROLLER 

AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing 
Z86C63/64 (16 MHz-Standard Mode Only[4]) 

TA= 0°C to +70°C TA =-40°C to +105°C 
16 MHz 16MHz 

No Symbol Parameter Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS rise Delay 25 25 ns [2,3] 
2 TdAS(A) I AS rise to Address Float Delay 35 35 ns [2,3] 
3 TdAS(DR) /AS rise to Read Data Req'd Valid 150 150 ns [1,2,3] 
4 TwAS /AS Low Width 40 40 ns [2,3] 
5 TdAZ(DS) Address Float to IDS fall 0 0 ns 

6 TwDSR IDS (Read) Low Width 135 135 ns [1,2,3] 
7 TwDSW IDS (Write) Low Width 80 80 ns [1,2,3] 
8 TdDSR(DR) IDS fall to Read Data Req'd Valid 75 75 ns [1,2,3] 
9 ThDR(DS) Read Data to /DS rise Hold Time 0 0 ns [2,3] 
10 TdDS(A) /DS rise to Address Active Delay 50 50 ns [2,3] 

11 TdDS(AS) /DS rise to /AS fall Delay 35 35 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 25 25 ns [2,3] 
13 TdDS(R/W) /DS rise to R//W Not Valid 35 35 ns [2,3] 
14 TdDW(DSW) Write Data Valid to /DS fall (Write) Delay 25 25 ns [2,3] 
15 TdDS(DW) /DS rise to Write Data Not Val id Delay 35 35 ns [2,3] 

16 TdA(DR) Address Valid to Read Data Req'd Valid 210 210 ns [1,2,3] 
17 TdAS(DS) /AS rise to IDS fall Delay 45 45 ns [2,3] 
18 TdDM(AS) /DM Valid to /AS rise Delay 25 25 ns [2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. Clock Dependent Formulas 
[3] See clock cycle dependent characteristics table. 
[4] Low EMI is not selected. Number Symbol Equation 
Standard Test Load 
All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 1 TdA(AS) 0.40 TpC + 0.32 

2 TdAS(A) 0.59 TpC - 3.25 
3 TdAS(DR) 2.83 TpC + 6.14 
4 TwAS 0.66 TpC - 1.65 

6 TwDSR 2.33 TpC- 10.56 
7 TwDSW 1.27TpC+ 1.67 
8 TdDSR(DR) 1.97 TpC - 42.5 
10 TdDS(A) 0.8 TpC 

11 TdDS(AS) 0.59 TpC - 3.14 
12 TdR/W(AS) 0.4 TpC 
13 TdDS(R/W) 0.8 TpC - 15 
14 TdDW(DSW) 0.4 TpC 

15 TdDS(DW) 0.88 TpC- 19 
16 TdA(DR) 4 TpC-20 
17 TdAS(DS) 0.91 TpC- 10.7 
18 TdDM(AS) 0.9 TpC - 26.3 
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ZS® MICROCONTROLLER 

AC CHARACTERISTICS 
External 1/0 or Memory Read and Write Timing 
Z86C63/64 (20 MHz-Standard Mode Only[4]) 

TA= 0°C to +70°C TA= -40°C to +105°C 
20MHz 20MHz 

No Symbol Parameter Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS rise Delay 15 25 ns (2,3] 
2 TdAS(A) /AS rise to Address Float Delay 25 35 ns (2,3] 
3 TdAS(DR) /AS rise to Read Data Req'd Valid 120 120 ns (1,2,3] 
4 TwAS /AS Low Width 30 30 ns [2,3] 
5 TdAZ(DS) Address Float to /OS fall 0 0 ns 

6 TwDSR /OS (Read) Low Width 105 105 ns (1,2,3] 
7 TwDSW /OS (Write) Low Width 65 65 ns [1,2,3] 
8 TdDSR(DR) /OS fall to Read Data Req'd Valid 55 55 ns (1,2,3] 
9 ThDR(DS) Read Data to /OS rise Hold Time 0 0 ns (2,3] 

II 10 TdDS(A) /OS rise to Address Active Delay 40 40 ns (2,3] 

11 TdOS(AS) /OS rise to /AS fall Delay 25 25 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS rise Delay 20 20 ns [2,3] 
13 TdDS(R/W) /OS rise to R//W Not Valid 25 25 ns (2,3] 
14 TdDW(OSW) Write Data Valid to /OS fall (Write) Delay 20 20 ns (2,3] 
15 TdDS(DW) /DS rise to Write Data Not Valid Delay 25 25 ns (2,3] 

16 TdA(DR) Address Valid to Read Data Req'd Valid 150 150 ns (1,2,3] 
17 TdAS(DS) /AS rise to /OS fall Delay 35 35 ns [2,3] 
18 TdDM(AS) /OM Valid to /AS rise Delay 15 15 ns (2,3] 

Notes: 
[1] When using extended memory timing add 2 TpC. 
[2] Timing numbers given are for minimum TpC. 
[3] See clock cycle dependent characteristics table. 
[4] Low EMI is not selected. 
Standard Test Load 
All timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0. 

9-29 



ADVANCE INFORMATION 

AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRON 

Figure 25. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 
Z86C63 (Standard Mode Only) 

No Symbol Parameter 

1 TpC Input Clock Period 
2 TrC,TIC Clock Input Rise & Fall Times 
3 TwC Input Clock Width 
4 TwTinL Timer Input Low Width 
5 TwTinH Timer Input High Width 

6 TpTin Timer Input Period 
7 TrTin,TfTin Timer Input Rise and Fall Times 
Ba TwlL Interrupt Request Input Low Times 
Sb TwlL Interrupt Request Input Low Times 
9 TwlH Interrupt Request Input High Times 

Notes: 

TA= 0°c to +70°C 
20/16 MHz 

Min Max 

50/62.5 1000 
10 

25 
75 

5 TpC 

8 TpC 
100 
70 

5 TpC 
5 TpC 

[1] Clock timing references use 0.85V cc for a logic 1 and O.SV for a logic O. 
[2] Timing references use 2.0V for a logic 1 and O.SV for a logic 0. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[SJ Interrupt request through Port 30. 
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TA =-40°C to +105°C 
20/16 MHz 

Min Max 

50/62.5 1000 
10 
25 
75 

5 TpC 

BTpC 
100 
50 

5 TpC 
5 TpC 

Z86C63/64 
ZS® MICROCONTROLLER 

Units Notes 

ns [1] 
ns [1] 
ns [1] 
ns [2] 
ns [2] 

ns [2] 
ns [2] 
ns [2,4] 
ns [2,5] 
ns [2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

ADY 
(Output) 

Data Out 

/DAV 
(Output) 

ROY 
(Input) 

-}··························································· 
Data In Valid Next Data In Valid 

-}··························································· 

Delayed DAV .. 

1-···························~f ................. / 

Delayed ADY • ... , ______ ,.,_ _ _.., ...................... .. 

Figure 26. Input Handshake Timing 

-- 1--------------1~' - - - - - - - - - - - - - - ' 
Data Out Valid Next Data Out Valid 

1--------------1~ --------------' 

\ Delayed DAV 

Delayed ROY / 

·---------1~ ---_, 

Figure 27. Output Handshake Timing 
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AC ELECTRICAL CHARACTERISTICS 
Handshake Timing Table 
Z86C63 

TA= 0°C to +70°C 
20/16 MHz 

No Symbol Parameter Min Max 

1 TsDl(DAV) Data In Setup Time 0 
2 Th DI( DAV) Data In Hold Time 145 
3 TwDAV Data Available Width 110 
4 TdDAVl(RDY) DAV Fall to ROY Fall Delay 115 
5 TdDAVld(RDY) DAV Rise to ROY Rise Delay 115 

6 TdRDYO(DAV) ROY Rise to DAV Fall Delay 0 
7 TdDO(DAV) Data Out to DAV Fall Delay TpC 
8 TdDAVO(RDY) DAV Fall to ROY Fall Delay 0 
9 TdRDYO(DAV) ROY Fall to DAV Rise Delay 115 
10 TwRDY ROY Width 110 
11 T dRDYOd(r1AV) ROY R!se to 0.11.v Fa!! Dc!ay < <" '''-' 
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TA= -40°C to +105°C 
20/16 MHz Data 

Min Max Direction 

0 IN 
145 IN 
110 IN 
115 IN 
115 IN 

0 IN 
TpC OUT 

0 OUT 
115 OUT 
110 OUT 
115 OUT 
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ZS CONTROL REGISTER DIAGRAMS 

R240 SIO 

R241 TMR 

R242T1 

Serial Data (DO = LSB) 

Figure 28. Serial 1/0 Register 
(FOH: Read/Write) 

No Function 
Load TO 

Disable TO Count 
Enable TO Count 

o No Function 
1 LoadT1 

Disable T1 Count 
Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gate Input 
1 o Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
oo Not Used 
01 TO Out 
10 T1 Out 
11 Internal Clock Out 

Figure 29. Timer Mode Register 
(F1H: Read/Write) 

T1 Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

T1 Current Value 
(When Read) 

Figure 30. CounterlTimer 1 Register 
(F2H: Read/Write) 

R243 PRE1 

R244 TO 

R245 PREO 

Count Mode 
0 T1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 
0 T1 External Timing Input 

(T1N) Mode 

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

Figure 31. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 

Figure 32. CounterlTimer O Register 
(F4H: Read/Write) 

Count Mode 
O TO Single Pass 
1 TO Modulo N 

Reserved (Must be O) 

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

Figure 33. Prescaler 0 Register 
(F5H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

R246 P2M 

R247 P3M 

9-34 

P2o • P27 1/0 Definition 
o Defines Bit as Output 
1 Defines Bit as Input 

Figure 34. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Open Drain 
1 Port 2 Push-pull 

Reserved (Must be 0) 

O P32= Input 
P35=0utput 

1 P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34=0utput on. P33 = Input 

10jP34=/DM 

11}~~~=~~~:~~~~ 
0 P31 = Input (TIN) 

P36 = Output (TOUT) 
1 P31 = /DAV2/RDY2 

P36 = RDY2//DAV2 

o P30= Input 
P37=0utput 

1 P30 =Serial In 
P37 = Serial Out 

O ParityOff 
1 ParltyOn 

Figure 35. Port 3 Mode Register 
(F7H: Write Only) 

R248 P01M 

R249 IPR 

--..-

POo • POo Mode 
00 Output 
01 Input 
1X A11 ·Ae 

Stack Selection 
O External 
1 Internal 

P11 • P1o Mode 
00 Byte Output 
01 Byte Input 
10 AD1 ·ADo 
11 High-Impedance AD1 • DAo, 

/AS, IDS, /R//W, An • Ae, 
A1s. A12, If Selected 

Reserved (Must be O) 

P07 • P04 Mode 
vv Output 
01 Input 
1X A1s-A12 

Figure 36. Port O and 1 Mode Register 
(F8H: Write Only) 

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

IRQ1, IRQ4 Priority (Group C) 
0 IR01 >IRQ4 
1 IR04>1R01 

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

IR03, IRQ5 Priority (Group A) 
0 IR05> IRQ3 
1 IR03 > IRQ5 

Reserved (Must be 0) 

Figure 37. Interrupt Priority Register 
(F9H: Write Only) 
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R250 IRQ 

R251 IMR 

IRQO = P32 Input (DO = IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 =TO Serial Output 
IR05=T1 

00 P31J. P32J. 
01 P31J. P32i 
10 P31i P32J. 
11 P31i P32i 

Figure 38. Interrupt Request Register 
(FAH: Read/Write) 

lmloolool~loolml~lool 

l~I - 1 Enables IRQ5-IRQO 
(Do= IRQO) 

1 Enables RAM Protect 

1 Enables Interrupts 

R252 FLAGS 

Figure 39. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 40. Flag Register 
(FCH: Read/Write) 

R253 RP 

R254 SPH 

R255 SPL 

Expanded Register Pointer 

Working Register Pointer 

Figure 41. Register Pointer Register 
(FDH: Read/Write) 

Stack Pointer Upper 
Byte (SP1s- SPe) 

Figure 42. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SPo) 

Figure 43. Stack Pointer Register 
(FFH: Read/Write) 
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ZS EXPANDED REGISTER FILE CONTROL REGISTERS 

P4 (FH) 02H 

Data 
0 Defines Level O 
1 Defines Level 1 

Figure 44. Port 4 Data Register 
(F)02: (Read/Write) 

P40 - P47 1/0 Definition 
o Defines Bit as Output 
1 Defines Bit as Input* 

*Default After ~FSFT 

Figure 45. Port 4 Direction Register 
(F)03: (Write Only) 

Data 
0 Defines Level 0 
1 Defines Level 1 

Figure 46. Port 5 Data Register 
(F)04: (Read/Write) 

PSD (FH) OSH 

PSO - P57 VO Definition 
O Defines Bit as Output 
1 Defines Bit as Input' 

*Default Value After RESET 

9-36 

Figure 47. Port 5 Direction Register 
(F)05: (Write Only) 

P45M (FH) 06H 

*Default Value After RESET 

0 Port 4 Open-drain' 
1 Port 4 Push-pull 

Reserved (Must be 0) 

o Port 5 Open-drain' 
1 Port 5 Push-pull 

Reserved (Must be 0) 

Figure 48. Port 4/5 Mode Register 
(F)06: (Write Only) 

Data 
o Defines Level o 
1 Defines Level 1 

Reserved (Must be O) 

Figure 49. Port 6 Data Register 
(F)07: (Read/Write) 

P6D (FH) 08H 

*Default Value After RESET 

P60 - P63 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input• 

Reserved (Must be O) 

Figure 50. Port 6 Direction Register 
(F)08: (Read/Write) 
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P6M (FH) 09H 

lmlool~l~loolml~lool 

L Port 6 Open-drain' 
Port 6 Push-pull 

•Default Value After RESET 

ICE (FH) OAH 

Figure 51. Port 6 Mode Register 
(F)09: (Write Only) 

Reserved (Must be O) 

Figure 52. ICE Register 
(F)OA: (Write Only) 

PCON (FH) OFH 

*Default Setting After RESET 

Low EMI Oscillator 
0 Low EM\ 
1 Standard• 

Low EMI Ports 5-0 
0 LowEMI 
1 Standard* 

Reserved (Must be O) 

Figure 53. Port Configuration Register 
(F)OF: (Read/Write) 
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INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

,_ 
II 

RR 

Meaning 

Indirect register pair or indirect working
register pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 
Register or working-register address 
Working-register address only 
Indirect-register or indirect 
working-register address 
ir1direci working-register address only 
Register pair or working register pair 
address 

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

9-38 

Meaning 

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

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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

Value Mnemonic Meaning Flags Set 

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

1101 PL Plus 8=0 
0101 Ml Minus s = 1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EO Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (S XOR V) = 0 

Ell 0001 LT Less than (S XOR V) = 1 
1010 GT Greater Than [Z OR (S XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (S XOR V)] = 1 

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

9-39 
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INSTRUCTION FORMATS 

OPC MODE 

dsVsrc OR I 111 0 I dsVsrc I 
OPC I OR I 111 0 I dst dst 

OPC 

VALUE 

OPC MODE 

dst src 

MODE OPC 

dsVsrc src/dst 

dsVsrc OPC 

OR I 111 0 I src 

dst OPC 

dsVCC OPC 

RA 

FFH 

6FH 7FH 

ADVANCE INFORMATION 

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

dst OPC 

One-Byte Instructions 

CLR, CPL, DA, DEC, 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 

OPC l MODE 

src 

RR, RRC, SRA, SWAP dst 

JP, CALL (Indirect) 

OPC I MODE 

dst 

SRP VALUE 

MODE} OPC 

ADC, ADD, AND, GP, src 
OR, SBC, SUB, TCM, 
TM, XOR dst 

LD, LDE, LDEI, 
LDC, LOCI 

MODE I OPC 

dsVsrc I x 

ADDRESS 

LD 

cc l OPC 

DAU 

LD DAL 

OPC 

DJNZ, JR DAU 

DAL 

STOP/HALT 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

OR 1 1 1 0 src 

OR 111 0 dst 

OR I 11101 dst 

OR 1 11 0 src 

OR 1 1 1 0 dst 

Z86C63/64 
ZS® MICROCONmOLLER 

ADC, ADD, AND, GP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

ADC, ADD, AND, GP, 
LD, OR, SBC, SUB, 
TCM, TM, XOR 

LD 

LD 

JP 

CALL 

Three-Byte Instructions 

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

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

dst f- dst + src 

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

9-40 

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) CZSVDH and Operation dst src (Hex) CZSVDH 

ADC dst, src t 1( l * * * * 0 * INC dst rE - * * * - -
dst~dst + src +C dst~dst + 1 r=D-F 

ADD dst, src t 0( l 
dst~dst + src 

R 20 
****o* IR 21 

INCWdst RR AD - * * * AND dst, src t 5( l - * * 0 dst~dsl + 1 IR A1 
dst~dst AND src 

IRET BF * * * * * * CALL dst DA D6 - - - - - -
FLAGS~@SP; 

SP~SP-2 \RR D4 SP~SP + 1 
@SP~PC, PC~@SP; I 

PC~dst SP~SP +2; II CCF EF * - - - - - IMR(7)~1 

C~NOTC JP cc, dst DA cD - - - - - -

CLR dst R BO if cc is true, C=D-F 

dst~o IR B1 PC~dst \RR 30 

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

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

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

DA dst R 40 * * * x LO dst, src Im re - - - - - -
dst~DA dst IR 41 dst~src r R rB 

R r r9 
DEC dst R OD - * * * r=D-F 
dst~dst-1 IR 01 r x Cl 
DECW dst RR 80 - * * * 

x r D? 
dst~dst-1 IR 81 r Ir E3 

Ir r F3 
DI BF - - - - - - R R E4 
IMR(?)~O R IR E5 

DJNZr, dst RA rA 
R IM E6 

- - - - - - IR IM E? 
r~r-1 r=D-F IR R F5 
if r;;, D 
PC~Pc +dst LDC dst, src Irr C2 - - - - - -
Range: + 127, dst~src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dst~src 
IMR(7)~1 r~r+1; 

HALT ?F 
rr~rr+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) c z S V DH and Operation dst src (Hex) c z s v D H 

NOP FF - - - - STOP 6F 

OR dst, src t 4( l - * * 0 SUB dst, src t 2( l 
dst f-dst OR src dSlf-dSlf-SfC 

POP dst R 50 - - - - - - SWAP dst R FD x * * x - -
dslf-@SP; IR 51 

''·~ 
IR F1 

SPf-SP + 1 o I 

PUSH src R 70 - - - - - -
SPf-SP-1; IR 71 TCM dst, src t 6[ l - * * 0 - -
@SPf-SfC (NOT dst) 

RCF CF 0 - -
AND src 

- - -
C:t-0 Tll ~ ..... ,.. .. ,... .l. 7[ J - * * 0 1111 U.Jl 1 .)IV I 

RET AF - -
dst AND src 

- - - -
PCt-@SP; XOR dst, src t 8[ l - * * 0 - -
SPf-SP +2 dS!f-dSI 

XOR src 
RL dst R 90 * * * * - -

~ 
IR 91 

t These instructions have an identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 

RLC dst R 10 ****-- set table above. The second nibble is expressed symbolically by a'[ ]' 

IR 11 
in this table, and its value is found in the following table to the left of the 

~ 
applicable addressing mode pair. 

For example, the opcode of an ADC instruction using the addressing 
RR dst R ED ****-- modes r (destination) and Ir (source) is 13. 

1-m 4:c::3-l 
IR E1 

Address Mode Lower 
RRC dst R co ****-- dst src Opcode Nibble 

~ 
IR C1 

[2] 

SBC dst, src t 3[ l * * * * 1 * Ir [3] 
dslf-dslt-srcf-C 

R R [4] 
SCF DF - - - - -
Cf-1 R IR [5] 

SRA dst R DO * * * 0 - -
IR D1 R IM [6] 

~ IR IM [7] 

SRP dst Im 31 - - - - - -
RPf-src 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 

R1 
6.5 

2 INC 

R1 
8.0 

3 JP 
IRR1 
8.5 

4 DA 

R1 
10.5 

5 POP 

R1 
6.5 

6 COM 

R1 >< 
"' e. 10/12.1 

"' 7 PUSH 

R2 :0 
.0 z 10.5 

DECW 

RR1 
8. 8 

Q. 
:::l 6.5 

9 RL 

R1 
10.5 

A INCW 
RR1 
6.5 

B CLR 

R1 
6.5 

c ARC 

R1 
6.5 

D SRA 

R1 
6.5 

E RR 

R1 
8.5 

F SWAP 
R1 

2 

6.5 6.5 
DEC ADD 

IR1 r1, r2 
6.5 6.5 

RLC ADC 

IR1 r1, r2 
6.5 6.5 
INC SUB 
IR1 r1, r2 

6.1 6.5 
SAP SBC 
IM ri, r2 
8.5 6.5 
DA OR 
IR1 r1, r2 
10.5 6.5 
POP AND 

IR1 r1, r2 
6.5 6.5 

COM TCM 

IR1 r1, r2 
12/14.1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
RL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 

IR1 r1, r2 
6.5 12.0 

ARC LDC 
IR1 r1, lrr2 

6.5 12.0 
SRA LDC 

IR1 r1, lrr2 
6.5 
RR 

IR1 
8.5 

SWAP 
IR1 

y 

Execution 
Cycles 

First 
Operand 

3 4 

6.5 10.5 
ADD ADD 

r1, lr2 R2, R1 
6.5 10.5 

ADC ADC 

r1, lr2 R2, R1 
6.5 10.5 

SUB SUB 
r1, lr2 R2, R1 
6.5 10.5 

SBC SBC 
ri, ir2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 

r1, lr2 R2, R1 
6.5 10.5 

TCM TCM 

r1, lr2 R2, R1 
6.5 10.5 
TM TM 

r1, lr2 R2, R1 

18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 
r1, lr2 R2, R1 
18.0 
LOCI 

lr1, lrr2 
18.0 20.0 
LOCI CALL' 

lr1, lrr2 IRR1 
6.5 10.5 
LO LO 

r1, IR2 R2, R1 
6.5 
LO 

lr1, r2 

Lower 

ADVANCE INFORMATION 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LO LO 

IR2, R1 R1,IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, RI R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LO 

r1,x,R2 
20.0 10.5 

CALL LO 

DA r2,x,R1 
10.5 10.5 10.5 
LO LO LO 

IR2, R1 R1, IM IR1, IM 
10.5 
LO • • R2, IR1 

y 

3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LO 

r1,RA cc, RA r1,IM 

* • 
y 

2 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Dst Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12.10.0 
JP 

cc, DA 

• 
3 

Note: Blank areas not defined. 

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

Z86C63164 
ZS® MICROCONTROLLER 

E F 

6.5 
INC 

r1 I---

I---

t------i 

r-----1 

I---

~ 
STOP 

~ 
HALT 

~ 
DI 

~ 
El 

l--;7o-1 
RET 

'16:ii"""1 
IRET 

~ 
ACF 

1-6:51 
SCF 

~ 
CCF 

~ 
NOP 

~ 
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PACKAGE INFORMATION 

45• 

9.44 

El 

SYMBOL MILLIMETER INCH 

MIN MAX MIN MAX 

Al 0,51 0.81 .020 .032 
A2 J.25 J,4J .120 .!JS 

B 0.38 O.SJ .otS .021 

Bl 1.02 1.52 .040 .060 

c O:f3 0.38 .009 .DIS 

D 52.07 52.SB 2.oso 2.070 

E J~.24 15.75 .600 .620 

El lJ.59 14.2.2 .SJS .560 

Ill 2.54 TYP .100 TYP 

eA 1s.•9 I 16.s1 .610 I .•so 
L 3.18 J.81 .125 .150 

• QI 1.52 .1 1.~n .060 .075 
0 --- .,. ··-... 

I ~ • ..,... ! lo.•'"7 I ,uou I ,U'7U 

.CONTROLL[NG DIMENSIONS 1 INCH 

40-Pin Plastic DIP Package 

~ 

D 

DI 

40 

39 

I 
-·+ El E 

I w 17 

18 28 

NOTES• 
I. CONTROLLING DIMENSIONS • INCH 
2. LEADS ARE COPLANAR 'J!THIN .004 IN. 
3. DIMENSION • ....t1IL 

INCH 

A 

SYMBOL 

A 

Al 

D/E 

Dl/EI 

D2 

II 

44-Pin PLCC Package 

MILLIMETE'R INCH 

MIN MAX MIN MAX 

4.27 4.57 .168 .180 
2.67 2.92 .105 .115 
17.40 17.65 .685 .695 

16.51 16.66 .650 .656 

15.24 16.00 .600 .630 

1.27 TYP .050 TYP 



ADVANCE INFORMATION 

SYMBOL 
M(LLIMETER 

HIN MAX 

Al 0.39 1.07 

A2 3.68 3.94 

B 0.38 0.53 

Bl 0.94 1.09 

c 0.23 0.38 

D 57.40 58.17 

E 19.BO !9.30 
El 16.76 17.27 

Iii !.78 TYP 

eA 19.30 20.32 

L 3.18 3.81 

01 l.65 1.91 

s l.02 1.78 

Z86C63/64 
ZS® MICROCONTROLLER 

INCH 
HIN MAX 

.015 .042 

.145 .155 

.015 .021 

.037 .043 

.009 .Ol:i 
2.260 2290 

.740 .760 

.660 .690 

.070 TYP 

.760 .BOO 

.12s .150 

.065 .075 

.040 .070 

CONTROLLING DIMENSIONS 1 INCH 

64-Pin Plastic DIP Package 

.------D------1 

45• t------Dl------t 

NOTES• 

I. CONTROLLING DIMENSIONS • INCH 
2. LEADS ARE COPLANAR IJITHIN .004 IN. 
3. DIMENSICN • _fill_ 

INCH 

SYMBOL 

A 

Al 

DIE 

Dl/EI 

D2 

..Jl 

68-Pin PLCC Package 

A 

Al 

~ 
.026/.020 

"' ~= 
~~ 
>:"-
c:JCl 

~~ 
z>-
CJ z 
~w 

!;2U 
WCJ i5 ,_ 
c:J 

R lJdLQ.il 
.045/.025 

MILLIMETER INCH 

MIN MAX MIN MAX 

4.32 4.S7 .170 .!BO 

2.67 2.92 .!OS .115 

25.02 25.40 .985 1.000 

24.13 24.33 .950 .9SB 

22.86 23.62 .900 .930 

1.27 TYP .050 TYP 
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ADVANCE INFORMATION 

ORDERING INFORMATION 

Z86C63/64 

16 MHz 
40-pin DIP 
Z86C6316PSC 

16 MHz 
64-pin DIP 
Z86C6416PSC 

20MHz 
64-pin DIP 
Z86C6420PSC 

44-pin PLCC 
Z86C6316VSC 

68-pin PLCC 
Z86C6416VSC 

68-pin PLCC 
Z86C6420VSC 

For fast results, contact your local Zilog sales office 
for assistance in orderinQ the part desired. 

Codes 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Temperature 
S = 0°c to +70°C 
E = -40°C to + 105°C 

Speed 
16 = 16 MHz 
20 = 20 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86C63 16 P S C 

9-46 

is an 86C63, 16 MHz, DIP, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C63/64 
ZS® MICROCONTROLLER 



4'2il I a, 
Z86E21 CMOS ZS® 

BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® 
Microcontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® llP.t 
ROMless Microcontroller l.li!.I 

Z86C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products 

Superintegration™ 
Products Guide 

Zilog•s Literature Guide 
Ordering Information 





FEATURES 

• 8-Bit CMOS Microcontroller 

• 40-Pin DIP, 44-Pin PLCC, or 44-Pin OFP Package 

• 4.5V to 5.5V Operating Range 

• Low Power Consumption - 275 mW (max) @ 20 MHz 

• Fast Instruction Pointer - 1.0 µs @ 12 MHz 

• Two Standby Modes - STOP and HALT 

• 24 Input/Output Lines 

• Full-Duplex UART 

• All Digital Inputs are TTL Levels 

• Auto Latches 

GENERAL DESCRIPTION 

The Z86C91 microcontroller (MCU) introduces a new level 
of sophistication to single-chip architecture. The Z86C91 
is a member of the ROMlessZ8 single-chip microcontroller 
family with 236 bytes of RAM. 

The MCU is packaged in a 40-pin DIP, 44-pin PLCC, or a 
44-pin QFP, and is manufactured in CMOS technology. 
The Z86C91 is a ROMless part and offers the use of 
external memory which enables this ZS microcontroller to 
be used where code flexibility is required. 

Zilog's CMOS microcontroller offers fast execution, efficient 
use of memory, sophisticated interrupts, input/output bit 
manipulation capabilities, and easy hardware/software 
system expansion along with low cost and low power 
consumption. 

PRODUCT SPECIFICATION 

Z86C91 
CMOS Z8® ROMLESS 
MICROCONTROLLER 

• ROMless 

• 256 Byte Register File 
- 236 Bytes of General-Purpose RAM 
- 16 Bytes Control and Status Register 
- 4 Bytes for Ports 

• Two Programmable 8-Bit Counter{fimers each with 
6-Bit Programmable Prescaler. 

• Six Vectored, Priority Interrupts from Eight Different 
Sources 

• Clock Speeds 12, 16, and 20 MHz 

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

The Z86C91 architecture is characterized by Zilog's 8-bit 
microcontroller core. The device offers a flexible 1/0 
scheme, an efficient register and address space structure, 
multiplexed capabilities between address/data, 1/0, and a 
number of ancillary features that are useful in many indus
trial and advanced scientific applications. 

For applications which demand powerful 1/0 capabilities, 
the Z86C91 offers 24 pins dedicated to input and output. 
These lines are grouped into four ports. Each port consists 
of ei.ght lines, and is configurable under software control to 
provided timing, status signals, serial or parallel 1/0 with or 
without handshake, and an address/data bus for interfac
ing external memory. 

10-1 



GENERAL DESCRIPTION (Continued) 

There are three basic address spaces available to support 
this wide range of configuration: Program Memory, Data 
Memory, and 236 general-purpose registers. 

To unburden the program from coping with the real-time 
problems such as counting/timing and serial data commu
nication, the Z86C91 offers two on-chip counter/timers 
with a large number of user selectable modes, and a 
universal asynchronous receiver/transmitter (Figure 1 ). 

Output Input Vee GND 

~~i~~ 
UART 

Counter/ 
Timers 

(2) 

Interrupt 
Control 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Notes: 

Z86C91 
ROMLESS MCU 

All Signals with a preceding front slash, "/", are active Low, e.g., 
BINI (WORD is active Low); /BNJ (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit 

XTAL /AS /DS R//W /RESET 

ti t t t J 
Machine Timing and 

Instruction Control 

Program 
Counter 

Device 

1/0 
(Bit Programmable) 

Address or 1/0 
(Nibble Programmable) 

Address/Data 

Figure 1. Functional Block Diagram 
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Z86C91 

ROMLESS MCU 

PIN DESCRIPTION 

Table 1. 40-Pin DIP Pin Identification 
vcc 40 P36 

XTAL2 
Pin# Symbol Function Direction 

2 39 P31 

XTAL1 3 38 P27 1 Vee Power Supply Input 
2 XTAL2 Crystal, Oscillator Clock Output 

P37 4 37 P26 3 XTAL1 Crystal, Oscillator Clock Input 

P30 5 36 P25 4 P37 Port 3 pin 7 Output 

/RESET 6 35 P24 
5 P30 Port 3 pin 0 Input 

R//W 7 34 P23 6 /RESET Reset Input 
7 R//W Read/Write Output 

/DS 8 33 P22 8 /OS Data Strobe Output 

/AS 9 32 P21 9 /AS Address Strobe Output 

P35 10 
Z86C91 

31 P20 
10 P35 Port 3 pin 5 Output 

DIP 
GND 11 30 P33 11 GND Ground Input 

12 P32 Port 3 pin 2 Input 
P32 12 29 P34 13-20 POO-P07 Port 0 pins 0, 1,2,3,4,5,6,7 In/Output 

POO 13 28 P17 21-28 P10-P17 Port 1pins0,1,2,3,4,5,6,7 In/Output 

P01 14 27 P16 
29 P34 Port 3 pin 4 Output 

P02 15 26 P15 30 P33 Port 3 pin 3 Input m 31-38 P20-P27 Port 2 pins 0, 1,2,3,4,5,6,7 In/Output 
P03 16 25 P14 39 P31 Port 3 pin 1 Input 

P04 17 24 P13 40 P36 Port 3 pin 6 Output 

P05 18 23 P12 

P06 19 22 P11 

PO? 20 21 P10 

Figure 2. 40-Pin DIP Pin Assignments 
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PIN DESCRIPTION (Continued) 

6 5 4 3 2 1 44 43 42 41 40 

/RESET 7 39 

R//W 8 38 

IDS 9 37 

/AS 10 36 

P35 11 35 

GND 12 Z86C91 
PLCC 

34 

P32 13 33 

POO 14 32 

P01 15 31 

P02 16 30 

GND 11 29 

18 19 20 21 22 23 24 25 26 27 28 

(") '<!" "' "' ,..... 0 T""" C\I CYJ ~ (,) 
0 0 0 0 ~a:a=a:a:a:z c.. c.. c.. c.. 

Figure 3. 44-Pin PLCC Pin Assignments 

Table 2. 44-Pin PLCC Pin Identification 

Pin # Symbol Function Direction Pin# Symbol 

1 Vee Power Supply Input 14-16 POO-P02 
2 XTAL2 Crystal, Oscillator Clock Output 17 GND 
3 XTAL1 Crystal, Oscillator Clock Input 18-22 P03-P07 
4 P37 Port 3 pin 7 Output 23-27 P10-P14 

5 P30 Port 3 pin 0 Input 28 N/C 
6 N/C Not Connected Input 29-31 P15-P17 
7 /RESET Reset Input 32 P34 
8 R//V'/ Read/V'/rite Output 33 P33 

9 /DS Data Strobe Output 34-38 P20-P24 
10 /AS Address Strobe Output 39 N/C 
11 P35 Port 3 pin 5 Output 40-42 P25-P27 
12 GND Ground Input 43 P31 
13 P32 Port 3 pin 2 Input 44 P36 

10-4 

N/C 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Function 

Port 0 pins 0, 1,2 
Ground 
Port 0 pins 3,4,5,6,7 
Port 1 pins 0, 1,2,3,4 

Not Connected 
Port 1 pins 5,6,7 
Port 3 pin 4 
Port 3 pin 3 

Port 2 pins 0, 1,2,3,4 
Not Connected 
Port 2 pins 5,6,7 
Port 3 pin 1 
Port 3 pin 6 

Z86C91 
ROMLESS MCU 

Direction 

In/Output 
Input 
In/Output 
In/Output 

Input 
In/Output 
Output 
Input 

In/Output 
Input 
In/Output 
Input 
Output 



Pin# Symbol 

1-5 P03-P07 
6 GND 
7-14 P10-P17 
15 P34 

16 P33 
17-21 P20-P24 
22 GND 
23-25 P25-P27 

26 P31 
27 P36 
28 GND 
29 Vee 
30 XTAL2 

n n 

HH 
HH , 

33 32 31 30 29 28 27 26 25 24 23 ~ 

/RESET 

R//W 

IDS 

/AS 

P35 

GND 

P32 

POO 

P01 

P02 

GND 

[ I 
[ II 
[ II 
[ II 
[ II 
[ II 
[ II 

34 

35 

36 

37 

38 

39 

40 

41 

42 

430 
44 

'" 
1 2 3 

H 
H 

'--' 

22 

21 

20 

19 

Z86C91 
18 

QFP 17 

16 

15 

14 

13 

12 

4 5 6 7 8 9 10 11 ~ 

Figure 4. 44-Pin QFP Pin Assignments 

Table 3. 44-Pin QFP Pin Identification 

Function Direction Pin # Symbol 

Port 0 pins 3,4,5,6,7 In/Output 31 XTAL1 
Ground Input 32 P37 
Port 1pins0, 1,2,3,4,5,6,7 In/Output 33 P30 
Port 3 pin 4 Output 34 /RESET 

Port 3 pin 3 Input 35 R//W 
Port 2 pins 0, 1,2,3,4 In/Output 36 /OS 
Ground Input 37 /AS 
Port 2 pins 5,6,7 In/Output 38 P35 

Port 3 pin 1 Input 39 GND 
Port 3 pin 6 Output 40 P32 
Ground Input 41-43 POO-P02 
Power Supply Input 44 GND 
Crystal, Oscillator Clock Output 

I J 

Function 

GND 

P24 

P23 

P22 

P21 

P20 

P33 

P34 

P17 

P16 

P15 

Crystal, Oscillator Clock 
Port 3 pin 7 
Port 3 pin 0 
Reset 

Read/Write 
Data Strobe 
Address Strobe 
Port 3 pin 5 

Ground 
Port 3 pin 2 
Port 0 pins 0, 1,2 
Ground 

Z86C91 
ROMLESS MCU 

Direction 

Input 
Output 
Input 
Input 

Output 
Output 
Output 
Output 

Input 
Input 
In/Output 
Input 
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PIN FUNCTIONS 

/OS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /OS. For 
WRITE operations, the falling edge of /OS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external program. Memory address 
transfers are valid at the trailing edge of /AS. Under 
program control, /AS can be placed in the high
impedance state along with Ports 0 and 1, Data Strobe, 
and Read/Write. 

XTAL 1, XTAL2 Crystal 1, Crystal 2(time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to ti-1e or1-d1ip osciiiaior and bufier. 

R//W (output, write Low). The Read//Write signal is Low 
when the MCU is writing to the external program or data 
memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C91 is equipped with a reset 
filter of four external clocks ( 4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 

On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /OS is 

10-6 

Z86C91 
ROMLESS MCU 

held active Low while /AS cycles at a rate of TpC2. When 
/RESET is deactivated program, execution begins at loca
tion OOOC (HEX). Power-up reset time is held Low for 50 ms, 
or until Vee is stable, whichever is longer. 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TTL compatible port. These eight 1/0 lines 
are configured under software control as a nibble 1/0 port, 
or as an address port for interfacing external memory. 
When used as an 1/0 port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 

For external memory references, Port 0 provides Address 
bits A11-A8 (lower nibble) or A15-A8 (lower and upper 
nibble) depending on the required address space. If the 
address range requires 12 bits or less, the upper nibble of 
Port 0 can be programmed independently as 1/0 while the 
lower nibble is used for addressing. If one or both nibbles 
are needed for 1/0 operation, they must be configured by 
writing to the Port 0 Mode register. 

After a hardware reset, Port 0 lines are defined as address 
lines A 15-A8, and extended timing is set to accommodate 
slow memory .access. The initialization routine includes 
reconfiguration to eliminate this extended timing mode 
(Figure 5). 



OEN 

Out 

In 

Z86C91 
MCU 

Port 0 (1/0) 

} 
Handshake Controls 
/DAVO and RDYO 

1------11~ (P32 and P35) 

TTL Level Shifter 

Figure 5. Port 0 Configuration 

PAD 

Z86C91 
ROMLESS MCU 
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PIN FUNCTIONS (Continued) 

Port 1 (P1 ?-PIO). Port 1 is an 8-bit, TTL compatible port. It 
has multiplexed Address (A?-AO) and Data (07-DO) ports 
for interfacing external memory. 

If more than 256 external locations are required, Port O 
must output the additional lines. 

OEN 

Out 

In 

Z86C91 
MCU 

J 

TTL Level Shifter 

Z86C91 
ROMLESS MCU 

Port 1 can be placed in a high-impedance state along with 
Port 0, /AS, /OS, and R/NV, allowing the MCU to share 
common resources in multiprocessor and OMA applica
tions. Data transfers are controlled by assigning P33 as a 
Bus Acknowledge input, and P34 as a Bus request output 
(Figure 6). 

Port 1 
(AD7-ADO) 

PAD 

Figure 6. Port 1 Configuration 
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Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, 
bidirectional, TTL compatible port. Each of these eight 1/0 
lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, Port 

2 is placed under handshake control. In this configuration, 
Port3 lines P31 and P36 are used as the handshake control 
lines/DAV2 and RDY2. The handshake signal assignment 
for Port 3 lines P31 and P36 is dictated by the direction 
(input or output) assigned to P27 (Figure 7). 

Open-Drain 

OEN 

Out 

In 

Z86C91 
MCU 

Port2(1/0) 

} 
Handshake Controls 

i-----• /DAV2 and RDY2 
(P31 and P36) 

TTL Level Shifter 

r --------------------' I 
i 
I 

: Auto Latch 
I 
I 
I 

I 
I 
I 
I 
I 
: R~SOOKO : 

~------------------------J 

Figure 7. Port 2 Configuration 

PAD 
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PIN FUNCTION (Continued) 

Port 3 (P37-P30). Port 3 is an 8-bit, TIL compatible four 
fixed input and four fixed output port. These eight 1/0 lines 
have four-fixed (P33-P30) input and four fixed (P37-P34) 
output ports. Port 3, when used as serial 1/0, are 
programmed as serial in and serial out, respectively 
(Figure 8). Port 3 inputs only are designed with Auto 
Latches. 

OEN 

Out 

Z86C91 
MCU 

TTL Level Shifter 

Z86C91 
ROMLESS MCU 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0 and 2 
(/DAV and ROY); four external interrupt request signals 
(IRQ3-IRQO); timer input and output signals (T1N and T ourl• 
and Data Memory Select (/DM) (Table 4.) 

Port3 
(1/0 or Control) 

PAD 

Port 3 Output Configuration PAD 
In 

Port 3 Input Configuration 

Figure 8. Port 3 Configuration 
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Table 4. Port 3 Pin Assignments 

Pin 1/0 CTC1 Int. POHS P1 HS P2HS UART Ext 

P30 IN 
P31 IN 
P32 IN 
P33 IN 

P34 OUT 
P35 OUT 
P36 OUT 
P37 OUT 
TO 
T1 

Notes: 
HS ; HANDSHAKE SIGNALS 
D ; Data Available 
R; Ready 

UART OPERATION 

IRQ3 

TIN IRQ2 
IRQO 
IRQ1 

TOUT 

IRQ4 
IRQ5 

Port 3 lines P30 and P37, are programmed as serial 1/0 
lines for full-duplex serial asynchronous receiver/trans
mitter operation. The bit rate is controlled by the Counter/ 
TimerO. 

The Z86C91 automatically adds a start bit and two stop 
bits to transmitted data (Figure 9). Odd parity is also 
available as an option. Eight data bits are always transmit
ted, regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
is generated on all transmitted characters. 

Transmitted Data (No Parity) 

I SP I SP I D7 I D6 I Ds I D4 I D3 I D2 I D1 I Do I ST I 

-r- I L 

Transmitted Data (With Parity) 

I SP I SP I P I D6 I Ds I D4 I D3 I D2 I D1 I DO I ST I 

Start Bit 

Eight Data Bits 

Two Stop Bits 

T I l startBit 

..__ ___ Seven Data Bits 

_ - Odd Parity 

Two Stop Bits 

Serial In 
D/R 

D/R 
D/R 

R/D OM 
R/D 

R/D 
Serial Out 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

Auto Latch. The Auto Latch puts valid CMOS levels on all 
CMOS inputs that are not externally driven. This reduces 
excessive supply current flow in the input buffer when it is 
not driven by any source. 

Received Data (No Parity) 

l&lwlool~l~l 00 l~l~loolfill 
L 

Received Data (With Parity) 

l&I Plool~l~l 00 l~l~loolMI 

II.___ -L 

Start Bit 

Eight Data Bits 

One Stop Bit 

Start Bit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 9. Serial Data Formats 
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FUNCTIONAL DESCRIPTION 
Address Space 

Program Memory. The Z86C91 can address up to 64 
Kbytes of external program memory (Figure 10). The first 
12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six i 6-bit vectors that 
correspond to the six available interrupts. Program execu
tion begins at external location OOOCH after a reset. 

6 

Locaiion oi 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

5535 
External 

ROM and RAM 

1-------------
12 i-9"' 
11 IRQ5 

10 IRQ5 

9 IRQ4 

8 IRQ4 

7 IRQ3 

6 IRQ3 

5 ""' IRQ2 

.....!-~ IRQ2 

3 IRQ1 

2 IRQ1 

1 IRQO 

0 IRQO 

Figure 10. Program Memory Configuration 
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Data Memory (IDM). The Z86C91 addresses up to 64 
Kbytes of external data memory space. External data 
memory is included with, or separated from, the external 
program memory space. /OM, an optional 1/0 function that 
can be programmed to appear on P34, is used to distin
guish between data and program memory space (Figure 
11). The state of the /OM signal is controlled by the type 
instruction being executed. An LDC opcode references 
PROGRAM (/OM inactive) memory, and an LOE instruction 
references DATA (/OM active Low) memory. 

65535 

0 

External 
Data 

Memory 

Figure 11. Data Memory Configuration 



Register File. The Register File consists of three 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers (Figure 12). The instructions can 
access registers directly or indirectly through an 8-bit 
address field. The Z86C91 also allows short 4-bit register 
addressing using the Register Pointer (Figure 13). In the 
4-bit mode, the Register File is divided into 16 working 

LOCATION 

R255 

R254 

R253 

R252 

R251 

R250 

R249 

R248 

R247 

R246 

R245 

R244 

R243 

R242 

R241 

R240 

R239 

R4 

R3 

R2 

R1 

RO 

Stack Pointer (Bits 7-0) 

Stack Pointer (Bits 15-8) 

Register Pointer 

Program Control Flags 

Interrupt Mask Register 

Interrupt Request Register 

Interrupt Priority Register 

Ports 0-1 Mode 

Port 3 Mode 

Port2 Mode 

TO Prescaler 

limer/CounterO 

T1 Prescaler 

limer/Counter1 

limer Mode 

Serial 1/0 

General-Purpose 
Registers 

Port3 

Port2 

Port 1 

Porto 

Figure 12. Register File 

IDENTIFIERS 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO 

TO 

PRE1 

T1 

TMR 

SIO 

P3 

P2 

P1 

PO 

Z86C91 
ROMLESS MCU 

register groups, each occupying 16 continuous locations. 
The Register Pointer addresses the starting location of the 
active working-register group. For the reset and power-up 
conditions of the Register File see Figure 14. 

Note: Register Bank EO-EF is only accessed through 
working register and indirect addressing modes. 

2F 

20 
1F 

10 
OF 

00 

1 
r7 r6 r5 r4 r3 r2 r1 rO R253 

(Register Pointer) 

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

Specified Working 
~ Register Group 

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

Register Group 1 

Register Group O 
r-----------------

1/0 Ports 

~ R15toRO 

R15 to R4 

R3to RO 

Figure 13. Register Pointer 
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FUNCTIONAL DESCRIPTION (Continued) 

I 

REGISTER POINTER 

'°71osloslo4I ol ol ol ol 
Working Register 

Group Pointer 

%FF 
%FO 

.. 
%7F 

%OF 

%00 

Notes: 

ZS REGISTER FILE 

1. General-purpose registers are not reset 
after Stop-Mode Recovery or after a Reset. 

2. General-purpose registers are undefined 
after Power-up. 

ZS STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

%FF SPL u u u u u u 

%FE SPH u u u u u u 
%FD RP u u u u u u 
%FC FLAGS u u u u u u 
%FB IMR 0 u u u u u 
%FA IRO 0 0 0 0 0 0 

%F9 IPR u u u u u u 
%F8 P01M 1 0 1 1 0 1 

%F7 P3M 0 0 0 0 0 0 

%F6 P2M 1 1 1 1 1 1 

%F5 PREO u u u u u u 
%F4 TO u u u u u u 
%F3 PRE1 u u u u u u 

%F2 T1 u u u u u u 
%F1 TMR 0 0 0 0 0 0 

%FO $10 u u u u u u 

REGISTER RESET CONDITION 

%(0)03 P3 1 1 1 1 u u 

%(0)02 P2 u u u u u u 
%(0)01 P1 u u u u u u 
%(0)00 PO u u u u u u 

U =Unknown 

Z86C91 
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u u 

u u 
u u 
u u 
u u 
0 0 

u u 
1 0 

0 0 

1 1 

u 0 

u u 
0 0 

u u 
0 0 

u u 

u u 

u u 
u u 
u u 

Figure 14. RAM Register File Reset Condition 

Stack. The Z86C91 has a 16-bit Stack Pointer (R255-
R254) used for external stack that resides anywhere in the 
data memory. An 8-bit Stack Pointer (R255) is used for the 
internal stack that resides within the 236 general-purpose 
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registers (R239-R4). The High byte of the Stack Pointer 
(SPH-Bit 8-15) is used as a general purpose register when 
using internal stack only. 



CounterfTimers. There are two 8-bit programmable 
counter/timers (TO-T1), each driven by its own 6-bit pro
grammable prescaler. The T1 prescaler is driven by inter
nal or external clock sources; however, the TO prescaler is 
driven by the internal clock only (Figure 15). 

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 the 
counter and prescaler reach the end of the 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 

Clock 
Logic 

Tin P31 

Internal 
Clock 

External Clock 

Internal Clock 
Gated Clock 
Triggered Clock 

PREO 
Initial Value 

Register 

6-Bit 
Down 

Counter 

6-Bit 
Down 

Counter 

PRE1 
Initial Value 

Register 

Z86C91 
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pass mode) or to automatically reload the initial value and 
continue counting (modulo-n continuous mode). 

The counter, 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 can be retriggerable or non
retriggerable, or as a gate input for the internal clock. Port 
3 line P36 also serves as a timer output (Tour) through 
which TO, T1 or sub the internal clock is output. The 
counter/timers are cascaded by connecting the TO output 
to the input of T1 

Internal Data Bus 

Write 

Write 

TO 
Initial Value 

Register 

8-bit 
Down 

Counter 

8-Bit 
Down 

Counter 

T1 
Initial Value 

Register 

Internal Data Bus 

Read 

Read 

TO 
Current Value 

Register 

IRQ4 

Serial 1/0 
Clock 

TOUT 
P36 

IRQ5 

T1 
Current Value 

Register 

Figure 15. CounterfTimers Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts. The Z86C91 has six different interrupts from 
eight different sources. The interrupts are maskable and 
prioritized. The eight sources are divided as follow: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and two in the counter/timers (Figure 
16). The Interrupt Mask Register globally or individually 
enables or disables the six interrupt requests. When more 
than one interrupt is pending, priorities are resolved by a 
programmable priority encoder that is controlled by the 
Interrupt Priority register (Refer to Table 4). 

All Z86C91 interrupts are vectored through locations in the 
program memory. When an interrupt machine cycle is 
activated, an interrupt request is granted. Thus, this dis
ables all of the subsequent interrupts, save the Program 
Counter and Status Flags, and then branches to the 
program memory vector location reserved for that interrupt. 
rhis memory location and the next byte contain the 16-bit 
address of the interrupt service routine for that particular 
interrupt request. 

Interrupt 
Request 

Global 
Interrupt 
Enable 

Z86C91 
ROMLESS MCU 

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. Software initialed interrupts are supported by 
setting the appropriate bit in the Interrupt Request register 
(IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction, and the interrupt 
request must be valid 5TpC before the falling edge of the 
last clock cycle of the currently executing instruction. 

When the device samples a valid interrupt request, the 
next 48 (external) clock cycles are used to prioritize the 
interrupt, and push the two PC bytes and the FLAG register 
on the stack. The following nine cycles are used to fetch the 
interrupt vector from external memory. The first byte of the 
interrupt service routine is fetched beginning on the 58th 
TpC cycle following the internal sample point, which cor
responds to the 63rd TpC cycle following the external 
interrupt sample point. 

IRQO-IRQS 

6 

IPR 

Vector Select 

Figure 16. Interrupt Block Diagram 
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Clock. The Z86C91 on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a crystal, LC, 
ceramic resonator, or any suitable external clock source 
(XTAL 1 =Input, XTAL2 =Output). The crystal should beAT 
cut, 1 MHz to 20 MHz max, and series resistance (RS) less 
than or equal to 100 Ohms. The crystal should be con
nected across XTAL 1 and XT AL2 using the recommended 

ZB6C91 
ROMLESS MCU 

capacitors (10 pF <CL< 300 pF) from each pin i 1 ground 
instead of just the system ground. This prevents noise 
injection into the clock inputs (Figure i 7). 

Note: Actual capacitor values specified by the crystal 
manufacturer. 

.-----1XTAL1 .--~--1XTAL1 XTAL1 

C1I 
Pin 11 -= L 

.-----6--1 XTAL2 .------'--! XTAL2 XTAL2 

C2I 
-= Pin 11 

Ceramic Resonator 
or Crystal 

C2I 
-= Pin 11 

LC Clock External Clock 

Figure 17. Oscillator Configuration 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IR01, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled} to exit HALT mode. After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 5 µA (typical) or less. The STOP mode is terminated 
by a reset, which cause the processor to restart the 
application program at address OOOCH. 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user must 
execute a NOP (opcode= OFFH) 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 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description 

Vee Supply Voltage* 
TsrG Storage Temp 
TA Oper Ambient Temp 

Notes: 
•Voltages on all pins with respect to GND. 
t See Ordering Information 

Min 

-0.3 
-65 

STANDARD TEST CONDITIONS 

Max 

+7.0 
+150 

t 

Units 

v 
oc 
oc 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin (Figure 18). 
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Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

2.1 kn 

Figure 18. Test Load Diagram 
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DC CHARACTERISTICS 

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

Sym Parameter Min Max Min Max 25°C Units Conditions 

Max Input Voltage 7 7 v 11N < 250 µA 
VCH Clock Input High Voltage 3.8 Vcc+0.3 3.8 Vcc+0.3 v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 -0.3 0.8 v Driven by External Clock Generator 
VIH Input High Voltage 2 Vcc+0.3 2.0 vcc+0.3 v 

VIL Input Low Voltage -0.3 0.8 -0.3 0.8 v 
VOH Output High Voltage 2.4 2.4 v 10H = - 2.0 rnA 
VOH Output High Voltage Vee -100mV Vee -100 mV v \0H= -100 µA 
VOL Output Low Voltage 0.4 0.4 v 10L =+2.0 mA 

VRH Reset Input High Voltage 3.8 vcc+0.3 3.8 Vcc+0.3 v 
VRL Reset Input Low Voltage -0.3 0.8 -0.3 0.8 v 
l1L Input Leakage -2 2 -2 2 µA VIN= OV, Vee 
IOL Output Leakage -2 2 -2 2 µA VIN= OV, Vee 

llR Reset Input Current -80 -80 µA VRL =OV 
ICC Supply Current 30 30 20 mA @12 MHz [1] 

35 35 24 mA @ 16 MHz [1] 
50 50 mA @20 MHz [1] 

ll!J ICC1 Standby Current 6.5 6.5 4 mA HALT mode V1N = OV, Vee@ 12 MHz [1] 
7 7 4.5 mA HALT mode VIN= OV, vcc@16 MHz [1] 

8.5 8.5 mA HALT mode V1N = OV, Vee@ 20 MHz [1] 

ICC2 Standby Current 10 20 1 µA STOP mode V1N = OV, V cc [1 J 
IALL Auto Latch Low Current -10 10 -14 14 5 µA 

Note: 
[1] All inputs driven to either OV or Vee• outputs floating. 
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AC CHARACTERISTICS 
External 1/0 or Memory Read/Write Timing Diagram 

R//W 

Port 0, IDM 

Port 1 

/AS t+S 
IDS 

(Read) 

Port 1 

IDS 
(Write) 

A7-AO D7-DO OUT 

Figure 19. External 1/0 or Memory Read/Write Timing 
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AC CHARACTERISTICS 
External 1/0 or Memory Read or Write Timing Table 

TA= 0°c to +70°C TA =-40°C to +105°C 
12 MHz 16 MHz 20 MHz 12 MHz 16 MHz 20 MHz 

No Sym Parameter Min Max Min Max Min Max Min Max Min Max Min Max Units Notes 

1 TdA(AS) Address Valid to /AS Rise Delay 35 25 20 35 25 20 ns [2,3] 
2 TdAS(A) /AS Rise to Address Float Delay 45 35 25 45 35 25 ns [2,3] 
3 TdAS(DR) /AS Rise to Read Data Req'd Valid 250 180 150 250 180 150 ns [1,2,3] 

4 TwAS /AS Low Width 55 40 30 55 40 30 ns [2,3] 
5 TdAZ(DS) Address Float to /OS Fall 0 0 0 0 0 0 ns 
6 TwDSR /OS (Read) Low Width 185 135 105 185 135 105 ns [1,2,3] 

7 TwDSW /OS (Write) Low Width 110 80 65 110 80 65 ns [1,2,3] 
8 TdDSR(DR) /OS Fall to Read Data Req'd Valid 130 75 55 130 75 55 ns [1,2,3] 
9 ThDR(DS) Read Data to /OS Rise Hold Time 0 0 0 0 0 0 ns [2,3] 

10 TdDS(A) /OS Rise to Address Active Delay 65 50 40 65 50 40 ns [2,3] 
11 TdDS(AS) /OS Rise to /AS Fall Delay 45 35 25 45 35 25 ns [2,3] 
12 TdR/W(AS) R//W Valid to /AS Rise Delay 30 25 20 33 25 20 ns [2,3] 

13 TdDS(R/W) /OS Rise to R//W Not Valid 50 35 25 50 35 25 ns [2,3] 
14 TdDW(DSW) Write Data Valid to /OS Fall (Write) Delay 35 25 20 35 25 20 ns [2,3] 
15 TdDS(DW) IDS Rise to Write Data Not Valid Delay 55 35 25 55 35 25 ns [2,3] m 16 TdA(DR) Address Valid to Read Data Req'd Valid 310 230 180 310 230 180 ns [1,2,3] 
17 TdAS(DS) /AS Rise to /OS Fall Delay 65 45 35 65 45 35 ns [2,3] 
18 TdDM(AS) /OM Valid to /AS Rise Delay 50 30 20 50 30 20 ns [2,3] 

Notes: 
(1] When using extended memory timing add 2TpC. Clock Dependent Formulas 
[2] Timing numbers given are for minimum TpC. 

Number Symbol Equation [3] See clock cycle dependent characteristics table. 
Standard Test Load 
All timing references use 2.0V for a logic 1 and 0.8V for a logic 0. 1 TdA(AS) 0.40TpC + 0.32 

2 TdAS(A) 0.59TpC - 3.25 
3 TdAS(DR) 2.38TpC + 6.14 
4 TwAS 0.66TpC - 1.65 

6 TwDSR 2.33TpC - 10.56 
7 TwDSW 1.27TpC + 1.67 
8 TdDSR(DR) 1.97TpC - 42.5 
10 TdDS(A) O.STpC 

11 TdDS(AS) 0.59TpC-3.14 
12 TdR/W(AS) 0.4TpC 
13 TdDS(R/W) O.STpC -15 
14 TdDW(DSW) 0.4TpC 

15 TdDS(DW) 0.88TpC-19 
16 TdA(DR) 4TpC-20 
17 TdAS(DS) 0.91TpC - 10.7 
18 TdDM(AS) 0.9TpC - 26.3 
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AC CHARACTERISTICS 
Additional Timing Diagram 

Clock 

TIN 

IRON 

AC CHARACTERISTICS 
Additional Timing Table 

\_ ~ 
~~'--

Figure 20. Additional Timing 

TA= 0°C to +70°C TA =-40°C to +105°C 
12 MHz 16 MHz 20 MHz 12 MHz 16 MHz 20 MHz 

No Sym Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

1 TpC Input Clock Period 83 1000 62.5 1000 
2 TrC,TfC Clock Input Rise & Fall Times 15 
3 TwC Input Clock Width 35 25 
4 TwTinL Timer Input Low Width 75 75 

5 TwTinH Timer Input High Width 5TpC 5TpC 
6 TpTin Timer Input Period 8TpC 8TpC 
7 TrTin,TfTin Timer Input Rise & Fall Times 100 100 

BA TwlL Interrupt Request Input Low Times 70 70 
88 TwlL Interrupt Request Input Low Times 5TpC 5TpC 
9 TwlH Interrupt Request Input High Times 5TpC 5TpC 

Notes: 
[1] Clock timing references use 3.SV for a logic 1 and O.SV for a logic 0. 
[2] Timing references use 2.0V for a logic 1 and O.SV for a logic O. 
[3] Interrupt references request through Port 3. 
[ 4] Interrupt request through Port 3 (P33-P31 ). 
[5] Interrupt request through Port 30. 
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10 
50 1000 83 1 ODD 62.5 1000 50 1000 

10 15 10 10 
15 35 25 15 
75 75 75 75 

5TpC 5TpC 5TpC 5TpC 
8TpC 8TpC 8TpC 8TpC 
100 100 100 100 

70 70 70 70 
5TpC 5TpC 5TpC 5TpC 
5TpC 5TpC 5TpC 5TpC 

Z86C91 
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Units Notes 

ns [1] 
ns [1] 
ns [1] 
ns [2] 

[2] 
[2] 

ns [2] 

ns [2,4] 
[2,5] 
[2,3] 



AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

RDY 
(Output) 

Next Data In Valid 

Delayed DAV 

Figure 21. Input Handshake Timing 

Z86C91 
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1---------r-----------------
Data Out Data Out Valid Next Data Out Valid 1'----------r-----------------

/DAV 
(Output) 

RDY 
(Input) 

Figure 22. Output Handshake Timing 

AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°c to +70°C TA =-40°C to +105°C 
12, 16, and 20 MHz 12, 16, and 20 MHz 

No Sym Parameter Min Max Min Max 

1 TsDl(DAV) Data In Setup Time 0 0 
2 ThDl{DAV) Data In Hold Time 145 145 
3 TwDAV Data Available Width 110 110 
4 TdDAVl(RDY) DAV fall to RDY fall Delay 115 115 

5 T dDAVld(RDY) DAV rise to RDY rise Delay 115 115 
6 TdRDYO(DAV) RDY rise to DAV fall Delay 0 0 
7 TdDO(DAV) Data Out to DAV fall Delay TpC TpC 
8 TdDAVO(RDY) DAV fall to RDY fall Delay 0 0 

9 TdRDYO(DAV) RDY fall to DAV rise Delay 115 115 
10 TwRDY RDYWidth 110 110 
11 TdRDYOd(DAV) RDY rise to DAV fall Delay 115 115 

Data 
Direction 

IN 
IN 
IN 
IN 

IN 
IN 

OUT 
OUT 

OUT 
OUT 
OUT 
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ZS CONTROL REGISTER DIAGRAMS 

R240 SIO 

R241 TMR 

R242T1 

10-24 

Serial Data (DO = LSB) 

Figure 23. Serial 1/0 Register 
(FOH: Read/Write) 

No Function 
Load TO 

0 Disable TO Count 
1 Enable TO Count 

0 No Function 
1 Load T1 

0 Disable T1 Count 
1 Enable T1 Count 

T1NModes 
00 External Clock Input 
01 Gate Input 
1 O Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

Tour Modes 
oo Not Used 
01 TOOut 
10 T1 Out 
11 Internal Clock Out 

Figure 24. Timer Mode Register 
(F1H: Read/Write) 

Tl Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00HEX) 

Tl Current Value 
(When Read) 

Figure 25. Counter/Timer 1 Register 
(F2H: Read/Write) 

R243PRE1 

R244 TO 

R245 PREO 

Count Mode 

Z86C91 
ROMLESS MCU 

O Tl Single Pass 
1 Tl Modulo N 

Clock Source 
I T1 Internal 
0 Tl External Timing Input 

(TIN) Mode 

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

Figure 26. Prescaler 1 Register 
(F3H: Write Only) 

TO Initial Value 
(When Written) 
(Range: 1-256 Decimal 
01-00 HEX) 

TO Current Value 
(When Read) 

Figure 27. Counter/Timer 0 Register 
(F4H: Read/Write) 

Count Mode 
o TO Single Pass 
1 TO Modulo N 

Reserved (Must be O) 

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

Figure 28. Prescaler 0 Register 
(F5H: Write Only) 



R246 P2M 

R247 P3M 

P2o - P27 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input 

Figure 29. Port 2 Mode Register 
(F6H: Write Only) 

ID? I De IDs I D4 IDs I D2 I D1 I DO I 

~ 
O Port 2 Open-Drain 
1 Port 2 Push-pull 

Reserved (Must be O) 

0 P32 =Input 
P35= Output 
P32 = /DAVO/RDYO 
P35 = RDYO//DAVO 

00 P33 = Input 
P34= Output 

01 } P33 = Input 
10 P34 =/DM 
11 Reserved 

0 P31 =Input (TIN) 
P36 = Output (TOUT) 

1 P31 = /DAV2/RDY2 
P36 = RDY2//DAV2 

o P30 =Input 
P37=0utput 
P30 = Serial In 
P37 = Serial Out 

0 Parity Off 
1 Parity On 

Figure 30. Port 3 Mode Register 
(F7H: Write Only) 

R248 P01M 

---r--

Z86C91 
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P03 - POO Mode 
00 Output 
01 Input 
1X A11 -AB 

Stack Selection 
O External 
1 Internal 

P17-P10 Mode 
00 Reserved 
01 Reserved 
10 AD7-ADO 
11 Reserved 

External Memory liming 
O Normal 
1 Extended 

PO? - P04 Mode 
00 Output 
01 Input 
1X A15-A12 

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

T I 
Interrupt Group Priority 

Reserved = 000 
C>A>B=001 
A> B > C = 010 
A> C > B= 011 
B > C >A= 100 
C > B >A= 101 
B>A>C=110 
Reserved= 111 

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 > IRQ4 
1 IRQ4>1RQ1 

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

IRQ3, IRQ5 Priority (Group A) 
0 IRQ5 > IRQ3 
1 IR03> IRQ5 

Reserved (Must be O) 

Figure 32. Interrupt Priority Register 
(F9H: Write Only) 
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ZS CONTROL REGISTER DIAGRAMS (Continued) 

R2501RQ 

R251 IMR 

IRQO = P32 Input (DO= IRQO) 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input, Serial Input 
IRQ4 =TO Serial Output 
IRQ5=T1 

Reserved (Must be 0) 

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

lmlool~l~loolool~lool 

11~ - 1 Enables IRQ5-IRQO 
(Do=IRQO) 

1 Reserved (Must be O) 

1 Enables Interrupts 

R252 FLAGS 
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Figure 34. Interrupt Mask Register 
(FBH: Read/Write) 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 35. Flag Register 
(FCH: Read/Write) 

R253 RP 

lmlool~l~l 00 l~l~lool 

11..___11 -
O Reserved (Must be O) 

r4} ~ Register Pointer 

R254SPH 

R255SPL 

Figure 36. Register Pointer Register 
(FDH: Read/Write) 

Stack Pointer Upper 
Byte (SP1s- SPe) 

Figure 37. Stack Pointer Register 
(FEH: Read/Write) 

Stack Pointer Lower 
Byte (SP7 - SPo} 

Figure 38. Stack Pointer Register 
(FFH: Read/Write) 



INSTRUCTION SET NOTATION 

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

Symbol 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

Meaning 

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

Z86C91 
ROMLESS MCU 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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

Value Mnemonic Meariing Flags Set 

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

1101 PL Plus 8=0 
0101 Ml Minus 8=1 
0100 ov Overflow V=1 
1100 NOV No Overflow V=O 
0110 EQ Equal Z=1 

1110 NE Not Equal Z=O 
1001 GE Greater Than or Equal (8XORV) = 0 
0001 LT Less than (8 XORV) = 1 
1010 GT Greater Than [Z OR (8 XOR V)] = 0 
0010 LE Less Than or Equal [Z OR (8 XOR V)] = 1 

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

Z86C91 
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OPC CCF, DI, El, IRET, NOP, 
RCF, RET, SCF 

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dsVsrc oRI 11101 dst/srcl 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dsVsrc src/dst 
LDC,LDCI 

dsVsrc OPC LD 

OR I 1110 I src 

LD 

I dst/CC L OPC DJNZ, JR 

FFH STOP/HALT 

6FH 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst +-- dst + src 

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

OPC l MODE ADC, ADD, AND, CP, 

src OR 111 0 src 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst OR I 1110 I dst 
LO, OR, SBC, SUB, 
TCM, TM, XOR 

VALUE 

MODE I OPC LD 

src OR 1110 src 

dst OR 111 0 dst 

MODE I OPC LD 

dst/src I x 
ADDRESS 

cc l OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 
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OPCODE MAP 

0 

6.5 
0 DEC 

R1 
6.5 

RLC 

R1 
6.5 

2 INC 

R1 
8.0 

3 JP 

IRR1 
8.5 

4 DA 

R1 
10.5 

5 POP 

R1 
6.5 

: COivi 

i R1 

'5. 10/12.1 
PUSH 

R2 ~ 
7 

.a z 10.5 
Iii 8 DECW 

RR1 
CL 
CL 

::> 6.5 
9 RL 

R1 
10.5 

A INCW 

RR1 
6.5 

B CLR 

R1 
6.5 

c RRC 

R1 
6.5 

D SRA 

R1 
6.5 

E RR 

R1 
8.5 

F SWAP 
R1 
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2 

6.5 6.5 
DEC ADD 

IR1 r1, r2 
6.5 6.5 

RLC ADC 

IR1 r1, r2 
6.5 6.5 
INC SUB 

IR1 r1, r2 
6.1 6.5 

SRP SBC 

IM r1, r2 
8.5 6.5 
DA OR 

IR1 r1, r2 
10.5 6.5 
POP AND 

IR1 r1, r2 
6.5 6.5 

CVivi TCM 
IR1 r1, r2 

12/14. 1 6.5 
PUSH TM 

IR2 r1, r2 
10.5 12.0 

DECW LOE 
IR1 r1 lrr2 
6.5 12.0 
RL LOE 
IR1 r2 lrr1 
10.5 6.5 

INCW CP 
IR1 r1, r2 

6.5 6.5 
CLR XOR 

IR1 r1, r2 
6.5 12.0 

RRC LDC 
IR1 r1, lrr2 
6.5 12.0 

SRA LDC 

IR1 r1, lrr2 
6.5 
RR 

IR1 
8.5 

SWAP 
IR1 

y 
2 

Execution 
Cycles 

First 
Operand 

3 

6.5 10.5 
ADD ADD 

r1, lr2 R2, R1 
6.5 10.5 

ADC ADC 

r1, lr2 R2, R1 
6.5 10.5 

SUB SUB 

r1, lr2 R2, R1 
6.5 10.5 

SBC SBC 
r1, lr2 R2, R1 

6.5 10.5 
OR OR 

r1, lr2 R2, R1 
6.5 10.5 

AND AND 

r1, lr2 R2, R1 
6.5 10.5 

TCivi TCM 
r1, lr2 R2, R1 

6.5 10.5 
TM TM 

r1, lr2 R2, R1 

18.0 
LDEI 

lr1 lrr2 
18.0 
LDEI 

lr2 lrr1 
6.5 10.5 
CP CP 

r1, lr2 R2, R1 
6.5 10.5 

XOR XOR 

r1, lr2 R2, R1 
18.0 
LOCI 

lr1, lrr2 
18.0 20.0 
LOCI CALL' 

lr1, lrr2 IRR1 
6.5 10.5 
LD LD 

r1, IR2 R2, R1 
6.5 
LD 

lr1, r2 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1,IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TCM TCivi TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1,IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1, IM IR1, IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LD 

DA r2,x,R1 
10.5 10.5 10.5 
LD LD LD 

IR2, R1 R1, IM IR1, IM 
10.5 
LO 

' R2, IR1 

"Y 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c 
12/10.5 12/10.0 6.5 
DJNZ JR LD 

r1, RA cc, RA r1,IM 

• ' "Y 
2 

Legend: 
R = 8-bit Address 
r = 4-bit Address 

R 1 or r1 = Dst Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

D 

12. 10.0 
JP 

cc, DA 

3 

Note: Blank areas not defined. 

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

E 

6.5 
INC 

r1 

• 

Z86C91 
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F 

t--

r----

t--

i-----

r----

~ 
STOP 

t---y:o 
HALT 

'6:1 
DI 

'6:1 
El 

~ 
RET 

'""16:0 
IRET 

'6:5 
RCF 

~ 
SCF 

'6:5 
CCF 

'6:0 
NOP 

__, 
y 



PACKAGE INFORMATION 

45• 

El 

SYMBOL 
MILLIMETER INCH 

HIN HAX HIN MAX 
Al 0.51 0.81 .020 .032 
A2 3.25 3.43 .128 .135 
B 0.39 0.53 .015 .021 

Bl 1.02 1.52 .040 .060 

c O:e3 0.38 .009 .015 

6 D 52.07 52.59 2.oso 2.070 

E 1:5.24 15.75 .600 .620 
El 13.59 14.22 .535 .560 

11!1 2.54 TYP .100 TYP 

•• 1'5.49 16.51 .610 .650 

L 3.18 3.81 .125 .150 

• a1 1.52 1.91 .060 .075 

s 1.52 2.29 .060 .090 

CONTROLLING DIMENSIONS 1 INCH 

40-Pin DIP Package Diagram 

~ 
A 

D 

DI 

40 

_[I! :::: 39 .... 
"'<C 

t !z"' 
I tH:s 
+ El E _[~ D2 :E"' 

w t :ill!! 
I i..z 

~ !~ 
<=>c 

17 .... 
18 28 

R~ 
.045/.025 

SYMBOL 
MILLIMETER INCH 

MIN MAX MIN MAX 
NOTES• A 4.27 4.57 .!68 .180 

I. CONTROLLING DIMENSIONS • INCH 
2. LEADS ARE COPLANAR \JITHIN .004 IN. 
3. DIMENSIDN • ....tllL 

INCH 

Al 

DIE 

DI/El 

D2 

II 

2.67 2.92 
17.40 17.65 

16.51 16.66 

15.24 16.00 
1.27 TYP 

44-Pin PLCC Package Diagram 

.10s .us 

.685 .695 

.650 .656 

.600 .630 

.050 TYP 

Z86C91 
ROMLESS MCU 
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PACKAGE INFORMATION (Continued) 

.-----D----
33 

i 
i 
i 
I 
i ·-·-·-·-·-i-·-·-·-·-· 
i 
i 
i 

22 

E 

··~---i:;:i::n:T:;::;:;rn:~in;:=TT=;:;=;=r;=y!C==:..::li_J 

NOTES• 
I. CONTROLLING DIMENSIONS • MILLIMETER 
e. LEAD COPLANARITY I MAX J.ll mm 

.004" 

HE 

SYMBOL 
MILLIMETER 

HIN MAX 

Al 0.05 0.25 

Ai! 2.00· 2.es 

b 0.25. 0.45 

c 0.13 020 

HD 13.70 14.30 

D 9.90 10.10 

HE 13.70 14.30 

E 9.90 10.10 

JfL o.eo rvP 

L 0.60 1.20 

44-Pin QFP Package Diagram 
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A2 

Al 

INCH 

MIN 

.ooe 

.078 

.010 

.005 

.539 

.390 

.539 

.390 

MAX 

.010 

.089 

.018 

.008 

.563 

.398 

.563 

.398 

.031 TYP 

.ll24 .047 

L 

Z86C91 
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ORDERING INFORMATION 

Z86C91 

12 MHz 
40-pin DIP 
Z86C9112PSC 
ZB6C9112PEC 

16 MHz 
40-pin DIP 
Z86C9116PSC 

20MHz 
40-pin DIP 
Z86C9120PSC 

44-pin PLCC 
Z86C9112VSC 
Z86C9112VEC 

44-pin PLCC 
Z86C9116VSC 

44-pin PLCC 
Z86C9120VSC 

44-pin QFP 
Z86C9112FSC 
Z86C9112FEC 

44-pin QFP 
ZB6C9116FSC 

44-pin QFP 
Z86C9120FSC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 
P = Plastic DIP 
V = Plastic Chip Carrier 

Longer Lead Time 
F = Plastic Quad Flat Pack 

Temperature 
S = 0°c to +70°C 
E = -40°C to + 105°C 

Speed 
12 = 12 MHz 
16 = 16 MHz 
20 = 20 MHz 

Environmental 
C = Plastic Standard 

Example: 
Z 86C91 12 P S C 

Ult 
is a ZB6C91, 12 MHz, DIP, 0°C to + 70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C91 
ROMLESS MCU 
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4'2il c:u, 
Z86E21 CMOS ZS® 

BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® 
Microcontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® 
ROMless Microcontroller 

Z86C93 CMOS ZS® Multiply/ m 
Divide Microcontroller 

Support Products 

Superi ntegration™ 
Products Guide 

Zilog•s Literature Guide 
Ordering Information 





FEATURES 

• Complete Microcontroller, up to 241/0 lines, and up lu 
64 Kbytes of Addressable External Space each for 
Program and Data Memory. 

• 16 x 16-Bit Hardwired Multiplier with 32-Bit Product in 
17 Clock Cycles. 

• 32 x 16-Bit Hardwired Divider with 16-Bit Quotient and 
16-Bit Remainder in 20 Clock Cycles. 

• 256-Byte Register File, Including 236General-Purpose 
Registers, up to Three 1/0 Port Registers, and 16 
Status and Control Registers. 

• 17-Byte Expanded Register File, Including Two 
General-Purpose Registers and 15 Status and Control 
Registers. 

• Two 16-Bit Counter Timers with 6-Bit Prescalers . 

• Two Low Power Standby Modes, STOP and HALT 

GENERAL DESCRIPTION 

The Z86C93 is a CMOS ROMless ZS® microcontroller 
enhanced with a hardwired 16-bit x 16-bit multiplier and 
32-bit/16-bit divider and three 16-bit counter timers (Figure 
1). A capture register and a fast decrement mode is also 
provided. It is offered in 40-pin DIP, 44-pin PLCC, 44-pin 
QFP, and 48-pin VQFP (Figures 2, 3, 4, 5, and 6). Besides 
the four additional signals (SCLK, IACK, /SYNC, and 
/WAIT), the Z86C93 is compatible with the Z86C91, yet it 
offers a much more powerful mathematical capability. 

The Z86C93 provides up to 16 output address lines 
permitting an address space of up to 64 Kbytes of dataand 
program memory each. Eight address outputs (AD7-ADO) 

PRODUCT SPECIFICATION 

Z86C93 
CMOS Z8® MULTIPLY/DIVIDE 
MICROCONTROLLER 

• On-Chip Oscillator that Accepts Crystal or External 
Clock Drive. 

• Vectored, Priority Interrupts for 1/0, Counter[fimers 
and UART . 

• Three 16-Bit Counter(Timers with 4-Bit Prescaler, One 
Capture Register and a Fast Decrement Mode . 

• Register Pointer for Short, Fast Instructions that can 
Access Any One of the 16 Working Register Groups . 

• Additional Emulation Signals SCLK, IACK, and /SYNC 
are Made Available. 

• Full-Duplex UART 

• 3.3V ± 10% Operation at 25 MHz 

• 5.0V ±10% Operation at 20, 25, and 33 MHz 

are provided by a multiplexed, 8-bit, Address/Data bus. 
The remaining eight bits can be provided by the software 
configuration of Port 0 to output address bits A 15-AB. 

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

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit 

Vee 
GND 

Device 

11-1 
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GENERAL DESCRIPTION (Continued) 

There are 256 registers located on-chip and organized as 
236 general-purpose registers, 16 control and status reg
isters, and four 1/0 port registers. The register file can be 
divided into 16 groups of 16 working registers each. 
Configuration of the registers in this manner allows the use 
of short format instructions; in addition, any of the indi-

Output Input VCC GND 

Z86C93 
MULTIPLY/DIVIDE MCU 

vidual registers can be accessed directly. There are an 
additional 17 registers implemented in the Expanded 
Register File in Banks D and E. Two of the registers may be 
used as general-purpose registers, while 15 registers 
supply the data and control functions for the Multiply/ 
Divide Unit and Counter/Timer blocks. 

N 

I-
~~ 

w :..:: :..:: (,) e:~8 -' 

~ 
CJ) -' :z 

~ Cl) Cl) w (,) (,) >- ~"" gi ~ E! IE Cl) s [!2 ~-~ 
:::;;: "' 
L() Cl 
~ 

tttti!!! i ~ I Port 3 [A._ _________ , Machin" liminn Fm11IAlinn 
and Instruction Cont~ol- .. 

11-2 

UART 

Three 16-Bit 
Countermmers 

32+ 16 
Divider 

16 x 16 
Multiplier 

Interrupt 
Control 

1/0 
(Bit Programmable) 

ALU 

FLAGS 

Register 
Pointer 

Register File 
256 x 8-Bit 

Address or 1/0 
(Nibble Programmable) 

Program 
Counter 

Address/Data 

Figure 1. Functional Block Diagram 



PIN DESCRIPTION 

+5V 
GND 
/RESET 

'~'{ R//W 
and IDS Control /AS 

/WAIT 

POO 
P01 
P02 _,,_{ 

Programmable) P03 Z86C93 
l/OorA15/A8 P04 MCU 

P05 

P06 
P07 
P10 
P11 
P12 _, { P13 

AD7-ADO P14 
P15 

P16 

P17 

SCLK 
IACK 

/SYNC 

XTAL1 
XTAL2 

P20 

P21 
P22 
P23 
P24 

P25 
P26 
P27 
P30 
P31 

P32 

P33 
P34 
P35 
P36 

P37 

} Emulations 
Pins 

}clock 

Programmable) }-'''" 1/0 

}~ .. -~ Parallel 1/0 and 
Control 

Z86C93 
MULTIPLY/DIVIDE MCU 

Figure 2. Z86C93 Pin Functions 

vcc 40 P36 
Table 1. 40-Pin DIP Pin Identification 

XTAL2 2 39 P31 Pin# Symbol Function Direction 

XTAL1 3 38 P27 1 Vee Power Supply Input 
P37 4 37 P26 2 XTAL1 Crystal, Oscillator Clock Input 

P30 5 36 P25 3 XTAL2 Crystal, Oscillator Clock Output 
4 P37 Port 3, Pin 7 Output 

/RESET 6 35 P24 

R//W 7 34 P23 5 P30 Port 3, Pin 0 Input 
6 /RESET Reset Input 

IDS 8 33 P22 7 R/NY ReadNJrite Output 
/AS 9 32 P21 8 /DS Data Strobe Output 

Z86C93 P35 10 DIP 31 P20 9 /AS Address Strobe Output 
GND 11 30 P33 10 P35 Port 3, Pin 5 Output 

P32 12 29 P34 11 GND Ground Input 

28 
12 P32 Port 3, Pin 2 Input 

POO 13 P17 

P01 14 27 P16 13-20 POO-P07 Port 0, Pins 0, 1,2,3,4,5,6,7 In/Output 

26 
21-28 P10-P17 Port 1, Pins 0, 1,2,3,4,5,6,7 In/Output 

P02 15 P15 29 P34 Port 3, Pin 4 Output 
P03 16 25 P14 30 P33 Port 3, Pin 3 Input 
P04 17 24 P13 

31-38 P20-P27 Port 2, Pins 0, 1,2,3,4,5,6, 7 In/Output 
P05 18 23 P12 39 P31 Port 3, Pin 1 Input 
P06 19 22 P11 40 P36 Port 3, Pin 6 Output 

P07 20 21 P10 

Figure 3. 40-Pin DIP Assignments 
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Z86C93 
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PIN DESCRIPTION (Continued) 

No Symbl)I 

1 Vee 
2 XTAL2 
3 XTAL1 
4 P37 

5 P30 
6 SCLK 
7 /RESET 
8 R//W 

9 IDS 
10 /AS 
11 P35 
12 GND 
13 P32 

11-4 

/RESET 

R//W 
IDS 

/AS 

P32 
POO 
P01 
P02 

IACK 

6 5 4 3 2 1 « ~~ M ~ 

7 38 ~m~IT 
a 38 P24 
9 37 P23 
10 36 P22 

Z86C93 
MCU 

18 19 20 21 22 23 24 25 26 27 28 ) 

UUCJCJEJCJUEJUUD 

8~~~~~::~~:t~ 
a. a. a. a. a. a. a. a. a. a. >-

~ 

P33 
P34 
P17 
P16 
P15 

. Figure 4. 44-Pin PLCC Pin Assignments 

Table 2. 44-Pin PLCC Pin Identification 

Function Direction No Symbol Function 

Power Supply Input 14-16 POO-P02 Port 0, Pins 0, 1,2 
Crystal, Osc. Clock Output 17 IACK Int. Acknowledge 
Crystal, Osc. Clock Input 18-22 P03-P07 Port 0, Pins 3,4,5,6,7 
Port 3, Pin 7 Output 23-27 P10-P14 Port 1, Pins 0, 1,2,3,4 

Port 3, Pin 0 Input 28 /SYNC Synchronize Pin 
System Clock Output 29-31 P15-P17 Port 1 Pins 5,6,7 
Reset Input 32 P34 Port 3, Pin 4 
Read/Write Output 33 P33 Port 3, Pin 3 

Data Strobe Output 34-38 P20-P24 Port 2 Pins 0, 1,2,3,4 
Address Strobe Output 39 N/C Not Connected (20 MHz) 
Port 3, Pin 5 Output /WAIT WAIT (25 or 33 MHz) 
Ground Input 40-42 P25-P27 Port 2, Pins 5,6,7 
Port 3, Pin 2 Input 43 P31 Port3, Pin 1 

44 P36 Port 3, Pin 6 

Direction 

In/Output 
Output 
In/Output 
In/Output 

Output 
In/Output 
Output 
Input 

In/Output 
Input 
Input 
In/Output 
Input 
Output 



No Symbol 

1 /RESET 
2 R/NV 
3 /DS 
4 /AS 

5 P35 
6 GND 
7 P32 
8-10 POO-P02 

11 IACK 
12-16 P03-P07 
17-21 P10-P14 
22 /SYNC 
23-25 P15-P17 

P25 

P26 

P27 

P31 

P36 

vcc 
XTAL2 

XTAL1 

P37 

P30 

SCLK 

Function 

Reset 
ReadNVrite 
Data Strobe 
Address Strobe 

Port3, Pin 5 
Ground 
Port 3, Pin 2 
Port 0, Pins 0, 1,2 

Int. Acknowledge 

, 
33 32 31 30 29 28 27 26 25 24 23 "' 34 22 

35 21 
36 20 
37 19 
38 Z86C93 18 
39 MCU 17 
40 16 
41 15 
42 14 

430 13 
44 12 

"" 
1 2 3 4 5 6 7 8 9 10 11 _,! 

~ ~ en en It) 0 l}! 0 

~ "' ~ 

Q :!; ~ z 0 0 u 
<!l Cl. Cl. Cl. :$ w 

i;E 

Figure 5. 44-Pin QFP Pin Assignments 

Table 3. 44-Pin QFP Pin Identification 

Direction No Symbol 

Input 26 P34 
Output 27 P33 
Output 28-32 P20-P24 
Output 33 N/C 

Input 
NVAIT 

Input 34-36 P25-P27 
Input 37 P31 
In/Output 38 P36 

39 Vee 
Output XTAL2 

Port 0, Pins 3,4,5,6,7 In/Output 
40 

Port 1, Pins 0, 1,2,3,4 In/Output 41 XTAL1 
Synchronize Pin Output 42 P37 
Port 1, Pins 5,6,7 In/Output 43 P30 

44 SCLK 

Function 

/SYNC 

P14 

P13 

P12 

P11 

P10 

PO? 

P06 

P05 

P04 

P03 

Port 3, Pin 4 
Port 3, Pin 3 
Port 2, Pins 0, 1,2,3,4 

Z86C93 
MUL'llll.YIDMIE MCU 

Direction 

Output 
Input 
In/Output 

Not Connected (20 MHz) Input 
WAIT (25 or 33 MHz) Input 

Port 2, Pins 5,6,7 In/Output 
Port 3, Pin 1 Input 
Port3, Pin 6 Output 
Power Supply Input 
Crystal, Osc. Clock Output 

Crystal, Osc. Clock Input 
Port 3, Pin 7 Output 
Port 3, Pin 0 Input 
System Clock Output 

11-5 
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PIN DESCRIPTION (Continued) 

36 35 34 33 32 31 30 29 28 27 26 25 

P25 37 

P26 38 

P27 39 

P31 40 

P36 41 

N/C 42 Z86C93 

VCC 43 MCU 

Xlll.l2 44 

X~L~ 45 

P37 46 

P30 :o SCLK 
1 2 3 4 5 6 7 8 9 10 11 12 

~Iii ii!:(/)(/) lll 0 fl! 8 E ~ ~ ii!~~ Q. i3 Q. Q. Q. 
w 

"" 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

/SYNC 

P14 

P13 

P12 

P11 

P10 

P07 

N/C 

P08 

P05 

P04 

P03 

Z86C93 
MULTIPLY/DIVIDE MCU 

Figure 6. 48-Pin VQFP Pin Assignments 

Table 4. 48-Pin VQFP Pin Identification 

No Symbol Function Direction No Symbol Function Direction 

1 N/C Not Connected Input 25 N/C Not Connected Input 

2 /RESET Reset Input 26-28 P15-P17 Port 1, Pins 5,6,7 In/Output 

3 RNV ReadNVrite Output 29 P34 Port3, Pin 4 Output 
4 IDS Data Strobe Output 30 P33 Port 3, Pin 33 Input 

5 /AS Address Strobe Output 31-35 P20-P24 Port 2, Pins 0, 1,2,3,4 In/Output 

6 P35 Port 3, Pin 5 Input 36 N/C Not Connected (20 MHz) Input 

7 GND Ground Input NVAIT WAIT (25 or 33 MHz) Input 

8 P32 Port 3, Pin 2 Input 37-39 P25-P27 Port 2, Pins 5,6,7 In/Output 
9-11 POO-P02 Port 0, Pins 3,4,5,6 In/Output 40 P31 Port 3, Pin 1 Input 

12 JACK Int. Acknowledge Output 41 P36 Port 3, Pin 6 Output 
42 N/C Not Connected Input 

13-16 P03-P06 Port 0, Pins 3,4,5,6 In/Output 
17 N/C Not Connected Input 43 Vee Power Supply Input 

18 PO? Port 0, Pin 7 In/Output 44 XTAL2 Crystal, Osc. Clock Output 

19-23 P10-P14 Port 1, Pins 0, 1,2,3,4 In/Output 45 XTAL1 Crystal, Osc. Clock Input 

24 /SYNC Synchronize Pin Output 46 P37 Port 3, Pin 7 Output 
47 P30 Port3, Pin 0 Input 
48 SCLK System Clock Output 
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't'2H.m 
PIN FUNCTIONS 

IDS (output, active Low). Data Strobe is activated once for 
each external memory transfer. For a READ operation, 
data must be available prior to the trailing edge of /DS. For 
WRITE operations, the falling edge of /DS indicates that 
output data is valid. 

/AS (output, active Low). Address Strobe is pulsed once at 
the beginning of each machine cycle. Address output is 
through Port 1 for all external programs. When /RESET is 
asserted, /AS toggles. Memory address transfers are valid 
at the trailing edge of /AS. 

XTAL1,XTAL2Crystal1, Crystal2(time-based input and 
output, respectively). These pins connect a parallel
resonant crystal, ceramic resonator, LC, or any external 
single-phase clock to the on-chip oscillator and buffer. 

R//W (output, read High/write Low). The Read/Write signal 
is Low when the MCU is writing to the external program or 
data memory. It is High when the MCU is reading from the 
external program or data memory. 

/RESET (input, active Low). To avoid asynchronous and 
noisy reset problems, the Z86C93 is equipped with a reset 
filter of four external clocks (4TpC). If the external /RESET 
signal is less than 4TpC in duration, no reset occurs. 

On the fifth clock after the /RESET is detected, an internal 
RST signal is latched and held for an internal register count 
of 18 external clocks, or for the duration of the external 
/RESET, whichever is longer. During the reset cycle, /OS is 
held active Low while /AS cycles at a rate of 2TpC. When 
/RESET is deactivated, program execution begins at loca
tion OOOCH. Reset time must be held Low for 50 ms or until 
Vee is stable, whichever is longer. 

SCLK System Clock(output). The internal system clock is 
available atthis pin. Available in the PLCC, QFP, and VQFP 
packages only. 

IACK Interrupt Acknowledge (output, active High). This 
output, when High, indicates that the Z86C93 is in an 
interrupt cycle. Available in the PLCC, QFP, and VQFP 
packages only. 

/SYNC (output, active Low). This signal indicates the last 
clock cycle of the currently executing instruction. Avail
able in the PLCC, QFP, and VQFP packages only. 

Z86C93 
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/WAIT (input, active Low). Introduces asynchronous wait 
states into the external memory fetch cycle. When this 
input goes Low during an external memory access, the 
Z86C93 freezes the fetch cycle until this pin goes High. 
This pin is sampled after /DS goes Low; should be pulled 
up if not used. Available in the 25 MHz and 33 MHz devices 
only. 

Port 0 (P07-POO). Port 0 is an 8-bit, nibble programmable, 
bidirectional, TIL compatible port. These eight 1/0 lines 
can be configured under software control as a nibble 1/0 
port, or as an address portfor interfacing external memory. 
When used as an 1/0 port, Port 0 may be placed under 
handshake control. In this configuration, Port 3, lines P32 
and P35 are used as the handshake control /DAVO and 
RDYO (Data Available and Ready). Handshake signal 
assignment is dictated by the 1/0 direction of the upper 
nibble P07-P04. The lower nibble must have the same 
direction as the upper nibble to be under handshake 
control. 

For external memory references, Port 0 can provide ad
dress bits A11-A8 (lower nibble) or A15-A8 (lower and 
upper nibble) depending on the required address space. 
If the address range requires 12 bits or less, the upper 
nibble of Port 0 can be programmed independently as 1/0 
while the lower nibble is used for addressing. If one or both 
nibbles are needed for 1/0 operation, they must be config
ured by writing to the Port 0 Mode register. 

After a hardware reset, Port 0 lines are defined as address 
lines A 15-AB, and extended timing is set to accommodate 
slow memory access. The initialization routine can include 
reconfiguration to eliminate this extended timing mode 
(Figure 7). The /OEN (Output Enable) signal in Figure 7 is 
an internal signal. 

The Auto Latch on Port 0 puts valid CMOS levels on all 
CMOS inputs which 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. 
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PIN FUNCTIONS (Continued) 
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Handshake Controls 
/DAVO and RDYO 1----. (P32 and P35) 

OEN e ~1--------1 

Out 

In 

TTL ~evel Shifter 

-------------------- i I 
I 
I 
I 
I 
I 

I R~sooKO I 
~------------------------J 

Figure 7. Port O Configuration 

PAD 

Auto Latch 
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Port 1 (P17-P10). Port 1 is an 8-bit, TTL compatible port. It 
has multiplexed Address (A7-AO) and Data (D7-DO) ports 
for interfacing external memory (Figure 8). 

If more than 256 external locations are required, Port 0 
must output the additional lines. 

OEN 

Out 

In 

Z86C93 
MCU 

TTL Level Shifter 

Port 1 
(AD7·ADO) 

-------------------- i I 
I Auto Latch 
I 
I 
I 

I R=500Kn I 
-------------------------J 

Figure 8. Port 1 Configuration 

PAD 
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PIN FUNCTIONS (Continued) 

Port 2 (P27-P20). Port 2 is an 8-bit, bit programmable, . 
bidirectional, TILcompatible port. Each of these eight 1/0 
lines can be independently programmed as an input or 
output or globally as an open-drain output. Port 2 is always 
available for 1/0 operation. When used as an 1/0 port, Port 
2 is placed under handshake control. In this configuration, 
Port 31 in es P31 and P36 are used as the handshake control 
lines /DAV2 and RDY2. The handshake signal assignment 

Open-Drain 

OEN 

Out 

TTL Level Shifter 

In 

Z86C93 
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for Port 3 lines P31 and P36 is dictated by the direction 
(input or output) assigned to P27 (Figure 9). 

The Auto Latch on Port 2 puts valid CMOS levels on all 
CMOS inputs which 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. 

PAD 

-------------------- i 
I 
1 Auto Latch 
I 
I 
I 

I R=500Kn I 
~------------------------~ 

Figure 9. Port 2 Configuration 
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Port 3 (P37-P30). Port 3 is an 8-bit, TIL compatible four 
fixed input and four fixed output ports. These eight 1/0 lines 
have four fixed (P33-P30) input and four fixed (P37-P34) 

output ports. Port 3 pins P30 and P37 when used as serial 
1/0, are programmed as serial in and serial out, respec
tively (Figure 10 and Table 5). 

OEN 

Out 

In 

Z86C93 
MCU 

Port 3 
(1/0 or Control) 

TTL Level Shifter 

Port 3 Output Configuration 

-------------------- -i 
I 
I 
I 
I 
I 
I 

I R=SOOKa I 
~------------------------~ 

Port 3 Input Configuration 

Figure 10. Port 3 Configuration 

PAD 

Auto Latch 
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PIN FUNCTIONS (Continued) 
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Table 5. Port 3 Pin Assignments 

Pin # 1/0 CTC1 Int. 

P30 In IRQ3 
P31 In T,N IRQ2 
P32 In IRQO 
P33 In IRQ1 

P34 Out 
P35 Out 
P36 Out TOUT 
P37 Out 

Port 3 is configured under software control to provide the 
following control functions: handshake for Ports 0 and 2 
(/DAV and ROY); four externa! interrupt request signa!s 
(IRQO-IRQ3); timer input and output signals (T,N and Tour), 
and Data Memory Select (/DM). 

Port 3 lines P30 and P37 can be programmed as serial 
1/0 lines for full-duplex serial asynchronous receiver/ 
transmitter operation. The bit rate is controlled by the 
Counter/TimerO. 

The Z86C93 automatically adds a start bit and two stop bits 
to transmitted data (Figure 11 ). Odd parity is also available 
as an option. Eight data bits are always transmitted, 

Transmitted Data (No Parity) 

I SP I SP l D7 l Ds I Ds I D4 l D3 l D2 l D1 l Do l ST I 

~ I L 

Transmitted Data (With Parity) 

L 

Start Bit 

Eight Data Bits 

Two Stop Bits 

Start Bit 

Seven Data Bits 

Odd Parity 

Two Stop Bits 

POHS P2HS UART Ext. 

Serial In 
D/R 

D/R 

DM 
R/D 

R/D 
Serial Out 

regardless of parity selection. If parity is enabled, the 
eighth bit is the odd parity bit. An interrupt request (IRQ4) 
ic nonorctl'.'.'lrl An "'.:Ill +rt".:lnl"'l"Yii+f<r.M ,...h,....,.,...,,....+,.... .. ,... 
<V ::1'""' 1'-'1 ._.,l.V'-'I "-'1 I <..411 1.1 UI 1-.JI I lH!,. ..... \,,A VI IQI 0.\JlVI ..:;>, 

Received data must have a start bit, eight data bits and at 
least one stop bit. If parity is on, bit 7 of the received data 
is replaced by a parity error flag. Received characters 
generate the IRQ3 interrupt request. 

The Auto Latch on Port 3 puts a valid CMOS level on all 
CMOS inputs that are not externally driven. Whether this 
level is zero or one, cannot be determined. A valid CMOS 
level rather than a floating node reduces excessive supply 
current flow in the input buffer. 

Received Data (No Parity) 

Received Data (With Parity) 

Start Bit 

Eight Data Bits 

One Stop Bit 

l~IPlool~l~l 00 l~l~loolITTl 

I I 
L StartBit 

Seven Data Bits 

Parity Error Flag 

One Stop Bit 

Figure 11. Serial Data Formats 
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ADDRESS SPACE 

Program Memory. The Z86C93 can address up to 64 
Kbytes of external program memory. Program execution 
begins at external location OOOCH after a reset. 

Data Memory. The Z96C93 can address up to 64 Kbytes 
of external data memory. External data memory is included 
with, or separated from, the external program memory 
space. /OM, an optional 1/0 function that can be pro
grammed to appear on P34 is used to distinguish between 
data and program memory space (Figure 12). The state of 
me /OM signal is controlled by the type instruction being 
executed. An LDC opcode references PROGRAM (/OM 
inactive) memory, and an LOE instruction references DAT A 
(/OM active Low) memory. 

Expanded Register File. The register file has been ex
panded to allow for additional system control registers, 
and for mapping of additional peripheral devices along 
with 1/0 ports into the register address area (Figure 13). 
The ZS register address space RO through R15 has now 
been implemented as 16 groups of 16 registers per group. 
These register groups are known as the ERF (Expanded 
Register File). Bits 7-4 of register RP select the working 
register group. Bits 3-0 of register RP select the expanded 
register group (Figure 14). The registers that are used in 
the multiply/divide unit reside in the Expanded Register 
File at Bank E and those for the additional timer control 
words reside in Bank D. The rest of the Expanded Register 
is not physically implemented and is open for future 
expansion. 

Register File. The Register File consists of four 1/0 port 
registers, 236 general-purpose registers and 16 control 
and status registers. The instructions can access registers 
directly or indirectly through an 8-bit address field. The 
Z86C93 also allows short 4-bit register addressing using 
the Register Pointer (Figure 15). In the 4-bit mode, 
the Register File is divided into 16 working register 
groups, each occupying 16 continuous locations. The 
Register Pointer addresses the starting location of the 
active working-register group. 

Note: Register Group EO-EF can only be accessed through 
working registers and indirect addressing modes. 

Z86C93 
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Stack. The Z86C93 has a 16-bit Stack Pointer (R254-
R255), used for external stack, that resides anywhere 
in the data memory. An 8-bit Stack Pointer (R255) is used 
for the internal stack that resides within the 236 general
purpose registers (R4-R239). The high byte of the Stack 
Pointer(SPH, Bits 8-15) can be used as a general-purpose 
register when using internal stack only. 

Location of 
First Byte of 

Instruction 
Executed 

After RESET 

Interrupt 
Vector 

(Lower Byte) 

Interrupt 
Vector 

(Upper Byte) 

65535 

Program 
Memory 

Data 
Memory 

Figure 12. Program and Data Memory Configuration 
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ADDRESS SPACE (Continued) 

REGISTER POINTER 

17' sl sl 4l 3l 2l d ol 

Working Regis~~ 1 Expanded Register 
Group Pointer Gro~Pointer 

ZS Reg. File•• / 
FF 
FO 

1 

7F 

OF 
00 

U =Unknown 
• = Will not be reset with a STOP Mode Recovery 
GPA= General Purpose Register 
*"' = All addresses are in hexadecimal 
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ZS STANDARD CONTROL REGISTERS 

RESET CONDITION 

REGISTER 

FF SPL u u u u u u u u 
FE SPH u u u u u u u u 
FD RP u u u u u u u u 
FC FLAGS u u u u u u u u 
FB IMR 0 u u u u u u u 
FA IRQ 0 0 0 0 0 0 0 0 

F9 IPA u u u u u u u u 
F8 P01M 1 1 1 1 0 1 1 1 

F7 P3M 0 0 0 0 0 0 0 0 

* F6 P2M 1 1 1 1 1 1 1 1 

* FS PAEO u u u u u u u 0 

F4 TO u u u u u u u u 

F3 PRE1 u u u u u u 0 0 

F2 T1 u u u u u u u u 

F1 TMR 

FO SIC 

EXPANDED REG. BANK (E) 

REGISTER RESET CONDITION 

(E) 15 GPA u u u u u u u u 
(E) 14 GPA u u u u u u u u 
(E) 13-7 Reserved 

y 
(E) 6 MDCON 1 0 0 u u u 0 0 

(E) 5 MAE GS u u u u u u u u 

(E) 4 MAEG4 u u u u u u u u 

(E) 3 MREG3 u u u u u u u u 
(E) 2 MREG2 u u u u u u u u 

(E) 1 MREG1 u u u u u u u u 
(E) 0 MR EGO u u u u u u u u 

EXPANDED REG. BANK (D) 

REGISTER RESET CONDITION 

(D)9 T2CAPL u u u u u u u u 
(D)8 T2CAPH u u u u u u u u 

(D)7 T2L u u u u u u u u 

(D)6 T2H u u u u u u u u 
(D)S Reserved 

(D)4 TOH u u u u u u u u 

(D) 3 T2PRE u u u u 0 u 0 0 

(D)2 T1H u u u u u u u u 

(D)1 T2TMR u 0 u 0 0 0 0 0 

(D)O Reserved 

EXPANDED REG. BANK (0) 

REGISTER RESET CONDITION 

(0)03 P3 1 1 1 1 u u u u 

(0)02 P2 u u u u u u u u 
(O) 01 Reserved 

(O) 00 PO u u u u u u u u 

Figure 13. Register File 



R253 RP 

lwlool~l~lool~l~lool 

FF 

FO 

2F 

20 
1F 

10 
OF 

00 

I I.._ ____ Expanded Register Bank 

----------Working Register Group 

Figure 14. Register Pointer Register 

r7 r6 r5 r4 r3 r2 r1 rO R253 
(Register Pointer) 

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

I 

Specified Working ..__ 
Register Group 

Register Group 1 

Register Group O 

~-----------------1/0 Ports 

Figure 15. Register Pointer 

I-

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

} ::::: 
~ R3toRO 
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FUNCTIONAL DESCRIPTION 

Multiply/Divide Unit 

The Multiply/Divide unit describes the basic features, 
implementation details of the interface between the ZS and 
the multiply/divide unit. 

Basic features: 

• 16 x 16-bit multiply with 32-bit product 

• 32 x 16-bit divide with 16-bit quotient 
and 16-bit remainder 

• Unsigned integer data format 

• Simple interface to ZS® 

interface to ZB. lhe tollowing is a brief description of the 
register mapping in the multiply/divide unit and its 
interface to the ZS (Figure 16). 

The multiply/divide unit is interfaced like a peripheral. The 
only addressing mode available with the peripheral inter-

za 

CTL Addr 

16 

Control 

ZB6C93 
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face is register addressing. In other words, all of the 
operands are in the respective registers before a multipli
cation/division can start. 

Register Mapping. The registers used in the multiply/ 
divide unit are mapped onto the expanded register file in 
Bank E. The exact register locations used are shown 
below. 

Register Address 

MR EGO (E) 00 
MREG1 (E) 01 
MREG2 (E) 02 
MREG3 (El 03 

MREG4 (E) 04 
MREG5 (E) 05 
MDCON (E) 06 

GPR (E) 14 
GPR (E) 15 

16 

Shifter + MUX 

32 Bits 

Figure 16. Multiply/Divide Unit Block Diagram 
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Register Allocation. The following is the register alloca
tion during multiplication. 

Register Allocation 

Multiplier high byte MREG2 
Multiplier low byte MREG3 
Multiplicand high byte MREG4 
Multiplicand low byte MREG5 

Result high byte of high word MR EGO 
Result low byte of high word MREG1 
Result high byte of low word MREG2 
Result low byte of low word MREG3 
Multiply/Divide Control register MDCON 

MDCON(E)06 

--r---.--

Z86C93 
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The following is the register allocation during division. 

Register 

High byte of high word of dividend 
Low byte of high word of dividend 
High byte of low word of dividend 
Low byte of low word of dividend 
High byte of divisor 

Low byte of divisor 
High byte of remainder 
Low byte of remainder 
High byte of quotient 
Low byte of quotient 
Multiply/Divide Control register 

Divide by Zero Error (Read Only) 
0= No Error 
1 =Error 

Division Overflow (Read Only) 
O = No Overflow 
1 =Overflow 

Allocation 

MR EGO 
MREG1 
MREG2 
MREG3 
MREG4 

MREG5 
MR EGO 
MREG1 
MREG2 
MREG3 
MDCON 

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

--------- Function Selection 
OO=NOP 
01 = Division Select 
1 O = Multiplication Select 
11 =NOP 

...._ __________ Handshake Bit 

O = Data Register Load & Begin Operation (Write) 
1 = Operation Completed (Read) 

Figure 17. Multiply/Divide Control Register (MDCON) 

Control Register. The MDCON (Multiply/Divide Control 
Register) is used to interface with the multiply/divide unit 
(Figure 16). Specific functions of various bits in the control 
register are given below. 

DONE Bit (D?). This bit is a handshake bit between the 
math unit and the external world. On power-up, this bit is 
set to 1 to indicate that the math unit has completed 
the previous operation and is ready to perform the next 
operation. 

Before starting a new multiply/divide operation, this bit 
should be reset to 0 by the processor/programmer. This 
indicates that all the data registers have been loaded and 
the math unit can now begin a multiply/divide operation. 

During the process of multiplication or division, this bit is 
write-protected. Once the math unit completes its opera
tion it sets this bit to indicate the completion of operation. 
The processor/programmer can then read the result. 

MULSL Multiply Select(D6). If this bit is setto 1, it indicates 
a multiply operation directive. Like the DONE bit, this bit is 
also write-protected during math unit operation and is 
reset to 0 by the math unit upon starting of the multiply/ 
divide operation. 

DIVSL Division Select (D5). Similar to D6, D5 starts a 
division operation. 

D4-D2. Reserved. 
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FUNCTIONAL DESCRIPTION (Continued) 

DIVOVF Division Overflow (01 ). This bit indicates an 
overflow during the division process. Division overflow 
occurs when the high word of the dividend is greater than 
or equal to the divisor. This bit is read only. When set to 1, 
it indicates overflow error. 

DIVZR Division by Zero (DO). When set to 1, this indicates 
an error of division by 0. This bit is read only. 

Example: Upon reset, the status of the MDCON register 
is 100uuu00b (07 to DO). 

u = Undefined 
x = Irrelevant 
b =Binary 

If multiplication operation is desired. the MDCON register 
is set to 01 Oxxxxxb. 

If the MDCON register is READ during multiplication, it 
would have a value of OOOuuuOOb. 

Upon completion of multiplication, the result of the MDCON 
register is 100uuu00b. 

If division operation is desired, the MDCON register is set 
to 001xxxxxb. 

During division operation, the register would contain 
OOOuu??b (?-value depends on the DIVIDEND, DIVISOR). 

Upon completion of division operation, the MDCON regis
ter contains 100uuu??b. 

Note that once the multiplication/division operation starts, 
all data registers (MREG5 through MREGO) are write
protected and so are the writable bits of the MDCON 
register. The write protection is released once the math 
unit operation is complete. However, the registers may be 
read at any time. 

A multiplication sequence would look like: 

1. Load multiplier and multiplicand. 
2. Load MDCON register to start multiply operation. 
3. Wait for the DONE bit of the MDCON register to be 

set to 1 and then read results. 
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Note that while the multiply/divide operation is in progress, 
the programmer can use the ZS to do other things. Also, 
since the multiplication/division takes a fixed number of 
cycles, he can start reading the results before the DONE 
bit is set. 

During a division operation, the error flag bits are set at the 
beginning of the division operation which means the flag 
bits can be checked by the ZS while the division operation 
is being done. 

The two general purpose registers can be used as scratch 
pad registers or as external data memory address pointers 
during an LOE instruction. MREGO through MREG5, if not 
used for multiplication or division, can be used as general 
purpose registers. 

Performance of Multiplication. The actual multiplication 
takes 17 internal clock cycles. It is expected that the chip 
would run at a 10 MHz internal clock frequency (external 
clock divided-by-two). This results in an actual multiplica
tion time ( 16 x 16-bit) of 1. 7 µs. If the time to load operands 
and read results is included: 

Number of internal clock cycles to load 5 registers: 30 
Number of internal clock cycles to read 4 registers: 24 

The total internal clock cycles to perform a multiplication is 
71. This results in a net multiplication time of 7.1 µs. Note 
that this would be the worst case. This assumes that all of 
the operands are loaded from the external world as opposed 
to some of the operands being already in place as a result 
of a previous operation whose destination register is one of 
the math unit registers. 

Performance of Division. The actual division needs 20 
internal clock cycles. This translates to 2.0 µs for the actual 
division at 10 MHz (internal clock speed). If the time to load 
operands and read results is included: 

Number of internal clock cycles to load operands: 42 
Number of internal clock cycles to read results: 24 

The total internal clock cycles to perform a division is S6. 
This translates to S.6 µs at 10 MHz. 



Counter/Timers 

This section describes the enhanced features of the counter/ 
timers (CTC) on the Z86C93. It contains the register 
mapping of CTC registers and the bit functions of the newly 
added Timer2 control register. 

In a standard ZS, 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 prescaler is driven 
by the internal clock only. 

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

The counters 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 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 (P31) as an external clock, a trigger 
input that is retriggerable or non-retriggerable, or as a gate 
input for the internal clock. The counter/timers are cas
caded by connecting the TO output to the in put of T1 . Either 
TO or T1 can be outputted through P36. 

Z86C93 
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The following are the enhancements made to the counter/ 
timer block on the Z86C93 (Figure 18): 

• TO counter length is extended to 16 bits. For example, 
TO now has a 6-bit prescaler and 16-bit down counter. 

• T1 counter length is extended to 16 bits. For example, 
T1 now has a 6-bit prescaler and 16-bit down counter. 

• A new counter/timer T2 is added. T2 has a 4-bit 
prescaler and a 16-bit down counter with capture 
register. 

These three counters are cascadable as shown in Table 6. 
The result is that T2 may be extendable to 32 bits and T1 
extendableto 24 bits. Bits 1and0 (CAS1 AND CASO) of the 
T2 PrescalerRegister (PRE2) determine the counter length. 

Table 6. Counter Length Configurations 

CAS1 

0 
0 
1 
1 

CASO 

0 
1 
0 
1 

TO 

8 
16 
8 
8 

T1 

8 
16 
24 
16 

T2 

32 
16 
16 
24 

The controlling clock input to T2 is programmed to XTAL/ 
2 or XTAL/8 (only when T2 counter length is 16 bits), which 
results in a resolution of 100 ns at an external XTAL clock 
speed of 20 MHz. 
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FUNCTIONAL DESCRIPTION (Continued) 

Capture Register. T2 has a 16-bit capture register asso
ciated with T2 HIGH BYTE and T2 LOW BYTE registers .. 
The negative going transition on P33 enables the latching 
of the current T2 value (16 bits) into the capture register. 
The register mapping of the capture register is in Bank D 
(Figure 13). Note that the negative transition on P33 is 

XTAUB 

XTAU8 
or 

External 

XTAUB 
or 

XTAU2 

TO o/p 
Low Byte 

T1 o/p 
Low Byte 

T2 
Low Byte 

T2 o/p 
High Byte 

Z86C93 
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capable of generating an interrupt. Also, the negative 
transition on P33 always latches the current T2 value into 
the capture register. There is no need for a control bit to 
enable/disable the latching; the capture register is read 
only. 

IRQO 

IRQ4 

P36 
TOUT 

IRQ5 

Figure 18. Counter/Timer Block Diagram 

Operation 

Except for the programmable down counter length and The counters are configured in the following manner: 
clock input, T2 is identical to TO. 

TO and T1 retain all their features except that now they are 
extendable interims of the down-counter length. 

The output of T2, under program control, goes to an output 
(P35). Also, the interrupt generated by T2 is ORed with the 
interrupt request generated by P32. Note that the service 
routine then has to poll the T2 flag bit and also clear it (bit 
7 of T2 Timer Mode Register). 

On power-up, TO and T1 are configured in the 8-bit down 
counter length mode (to be compatible with Z86C91) and 
T2 is in the 32-bit mode with its output disabled (no 
interrupt is generated and T2 output does not go to port 
P35). 

The UART uses TO for generating the bit clock. This means, 
while using UART, TO should be in 8-bit mode. So, while 
using the UART there are only two independent timer/ 
counters. 
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Timer Mode 

TO 8-bit 
TO 16-bit 
T1 8-bit 
T1 16-bit 
T1 24-bit 

T2 16-bit 
T2 24-bit 

T2 32-bit 

Byte 

Low Byte (TO) 
High Byte (TO) + Low Byte (TO) 
Low Byte (T1) 
High Byte (T1 )+ Low Byte (T1) 
High Byte (TO) + High Byte (T1) 
+ Low Byte (T1) 
High Byte (T2) + Low Byte (T2) 
High Byte (TO) + High Byte (T2) 
+ Low Byte (T2) 
High Byte (TO)+ High Byte (T1) 
+ High Byte (T2) + Low Byte (T2) 

Note that the T2 interrupt is logically ORed with P32 to 
generate IRQO. 



The T2 Timer Mode register is shown in Figure 19. Upon 
reaching end of count, bit7ofthisregisterissettoone. This 
bit is not reset in hardware and it has to be cleared by the 
interrupt service routine. 

T2 interrogates the state of the Count Mode Bit (D2) once 
it has counted down to its zero value. T2 then makes the 
decision to continue counting (Modulo-n Mode) or stop 
(Single Pass Mode). Monitor this function if attempting to 
modify the count mode prior to the end of count bit (D7) 
being set. 

T2TMR(D) 01 

o No Function 
1 LoadT2 

O Disable T2 Count 
1 Enable T2 Count 

Count Mode 
0 T2 Single Pass 
1 T2 Modulo N 

Interrupt Enabled 
O Disable 
1 Enable 

T20ut(P35) 
O Disable 
1 Enable 

Reserved (Must be 0) 

T2 CLOCK Source 
0 XTAL/8 
1 XTAL/2 

T2 End Of Count 
0 Not EOC 
1 EOC 

Figure 19. T2 Timer Mode Register (T2) 

Z86C93 
MULTIPLY/DIVIDE MCU 

The register map of the new CTC registers is shown in 
Figure 13. TO high byte and T1 high byte are at the same 
relative locations as their respective low bytes, but in a 
different register bank. 

The T2 Prescaler Register is shown in Figure 20. Bits 1 and 
0 of this register control the various cascade modes of the 
counters. 

PRE2 (D) 03 

IITTl~l~l~l 00 l 00 l~l 00 I 
--r---c_ 

CTC Cascade Control Bits 
TO T1 T2 

00 8 8 32 
01 16 16 16 
10 8 24 16 
11 8 16 24 

Reserved (Must be 0) 

Prescaler Modulo 
(Range: 1 · 16 Decimal 
01·00 Hex) 

Figure 20. T2 Prescaler Register (PRE2) 
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FUNCTIONAL DESCRIPTION (Continued) 

Interrupts 

The Z86C93 has six different interrupts from nine different 
sources (Figure 21). The interrupts are maskable and 
prioritized. The nine sources are divided as follows: four 
sources are claimed by Port 3 lines P33-P30, one in Serial 
Out, one in Serial In, and three in the counter/timers. The 
Interrupt Mask Register globally or individually enables or 
disables the six interrupt requests. When more than one 
interrupt is pending, priorities are resolved by a program
mable priority encoder that is controlled by the Interrupt 
Priority register. All Z86C93 interrupts are vectored through 
locations in the program memory. When an interrupt ma
chine cycle is activated an interrupt request is granted. 
Thus, this disables all of the subsequent interrupts, save 
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 address of the interrupt service routine for that 
particular interrupt request 

Z86C93 
MULTIPLYIDNIDE MCU 

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. Software initiated interrupts are supported by 
setting the appropriate bit in the Interrupt Request Register 
(IRQ). 

Internal interrupt requests are sampled on the falling edge 
of the last cycle of every instruction. The interrupt request 
must be valid ST pC before the falling edge of the last clock 
cycle of the currently executing instruction. 

When the device samples a valid interrupt request, the 
next 48 (external) clock cycles are used to prioritize the 
interrupt, and push the two PC bytes and the FLAG register 
on the stack. The following nine cycles are used to fetch the 
interrupt vector from external memory. The first byte of the 
interrupt service routine is fetched beginning on the 58th 
TpC cycle following the internal sample point, which cor
responds to the ·63rd TpC cycle following the external 
interrupt sample point. 

IRQO IRQ2 

IRQ1, 3,4,5 
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Interrupt 
Request 

Global 
Interrupt 
Enable 

IRQ(D6, 07) 

6 

IPR 

\Alctor Select 

Figure 21. Interrupt Block Diagram 
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Table 7. Interrupt Types, Sources, and Vectors 

Name 

IRQO 
IRQ1 
IRQ2 

IRQ3 
IRQ4 
IRQ5 

Clock 

Source 

/DAVO, P32, T2 
P33 

/DAV2, P31, TIN 

P30, Serial In 
TO, Serial Out 

T1 

Vector Location 

0, 1 
2,3 
4,5 

6, 7 
8,9 

10, 11 

The Z86C93 on-chip oscillator has a high-gain, parallel
resonant amplifier for connection to a crystal, LC, ceramic 
resonator, or any suitable external clock source (XTAL 1 = 
Input, XTAL2 =Output). The external clock levels are not 
TTL. The crystal should be AT cut, 1 MHz to 25 MHz max, 
and series resistance (RS) is less than or equal to 100 

XTAL1 

C1I 

'::' E;;'SI 
C1~ 

XTAL2 

C2~ C2~ 

Comments 

External (P32), Programmable Rise or Fall Edge Triggered 
External (P33), Fall Edge Triggered 
External (P31), Programmable Rise or Fall Edge Triggered 

External (P30), Fall Edge Triggered 
Internal 
Internal 

L 

Ohms. The crystal should be connected across XTAL 1 
and XTAL2 using the recommended capacitors (10 
pF<CL<100 pF) from each pin to ground (Figure 22). 

Note: Actual capacitor values specified by the crystal 
manufacturer. 

XTAL1 

XTAL2 

Ceramic Resonator LC CLOCK External Clock 

or Crystal 

Figure 22. Oscillator Configuration 

Power Down Modes 

HALT. Turns off the internal CPU clock but not the XTAL 
oscillation. The counter/timers and the external interrupts 
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The devices 
are recovered by interrupts, either externally or internally 
generated. An interrupt request must be executed (en
abled) to exit HALT mode, After the interrupt service 
routine, the program continues from the instruction after 
the HALT. 

STOP. This instruction turns off the internal clock and 
external crystal oscillation and reduces the standby cur
rent to 5 µA (typical) or less. The STOP mode is terminated 
by a /RESET, which causes the processor to restart the 
application program at address OOOCH. 

In order to enter STOP (or HALT) mode, it is necessary to 
first flush the instruction pipeline to avoid suspending 
execution in mid-instruction. To do this, the user executes 
a NOP (opcode= OFFH) immediately before the appropri
ate 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 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Description 

Vee Supply Voltage* 
Tsm Storage Temp 
TA Oper Ambient Temp 

Notes: 
• Voltages on all pins with respect to GND. 
t See Ordering Information 

Min Max 

-0,3 +7.0 
-65° +150° 

t t 

STANDARD TEST CONDITIONS 

Units 

v 
c 
c 

The characteristics listed below apply for standard test 
conditions as noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin Test Load 
Diagram (Figure 23). 
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Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the de
vice, This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied, Exposure to 
absolute maximum rating conditions for an extended pe
riod may affect device reliability. 

DUT 
(Device Under 

Test) 

V Commutation 

Figure 23. Test Load Diagram 
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DC ELECTRICAL CHARACTERISTICS 
Vee= 3.3V ± 10% 

TA= 0°C to +70°C Typical 
Sym Parameter Min Max at 25°C Units Conditions Notes 

Max Input Voltage 7 v 11N < 250 µ/\ 
VCH Clock Input High Voltage 0.8 Vee Vee v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.1 Vee v Driven by External Clock Generator 
VIH Input High Voltage 0.7 Vee Vee v 
VIL Input Low Voltage -0.3 0.1 Vee v 
VOH Output High Voltage 1.8 v l0H = -1.0 mA 
VOH Output High Voltage Vee -100 mV v IOH = -100µ/\ 
VOL Output Low Voltage 0.4 v l0L = + 1.0 mA 
VRH Reset Input High Voltage 0.8 Vee Vee v 
VRI Reset Input Low Voltage -0.3 0.1 Vee v 
l1L Input Leakage -2 2 µA Test at OV, Vee 
IOL Output Leakage -2 2 µA Test at OV, Vee 
llR Reset Input Current -120 µA VAL= ov 
ICC Supply Current 30 20 mA @25 MHz [1] 

ICCI Stand By Current (HALT mode) 12 8 mA HALT mode V1N= OV, Vee@ 25 MHz [1] 

ICC2 Stand By Current (HALT mode) 8 1 µA STOP mode V1N= OV, V cc [1] 
IALL Auto Latch Low Current -10 10 5 µA 

Note: 
[1] All inputs driven to OV, Vee and outputs floating. 

m 
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DC ELECTRICAL CHARACTERISTICS 
Vee= 5.0V ±10% 

TA= 0°c to +70°C Typical 
Sym Parameter Min Max at 25°C Units Conditions Notes 

Max Input Voltage 7 v 11N<250 µA 
VCH Clock Input High Voltage 3.8 Vee v Driven by External Clock Generator 
VCL Clock Input Low Voltage -0.3 0.8 v Driven by External Clock Generator 
VIH Input High Voltage 2.0 Vee v 
VIL Input Low Voltage -0.3 0.8 v 

VOH Output High Voltage 2.4 v l0H=-2.0 mA 
VOH Output High Voltage Vcc-100 mV v l0H=-100µA 
VOL Output Low Voltage 0.4 v l0L =+5 mA 
vf'jj Reset Input High Voltage 3.8 Vee v 
VRI Reset Input Low Voltage -0.3 0.8 v 

l1t Input Leakage -2 2 µA Test at OV, Vee 
I n •• + ..... 1 ..... 11<,.'"" " " ... Tnnt. "'" n\/ \I 
10L VU~J.IUl L.tiQr\Cl!;fU -, c. ,.,,.. IU.ll Ql uv, Vee 

llR Reset Input Current -120 µA VRL = ov 
Ice Supply Current 55 35 mA @33 MHz [1] 

40 25 mA @25 MHz [1] 
30 20 mA @20 MHz [1] 

ICC1 Standby Current (HALT mode) 15 9 mA HALT mode V1N = OV, Vee@ 25 MHz (1] 
20 15 mA HALT mode V1N = OV, Vee@ 33 MHz (1] 
12 7 mA HALT mode V1N= OV, Vcc@20 MHz [1] 

ICC2 Standby Current (STOP mode) 10 1 µA STOP mode V1N= OV, Vee [1] 

IALL Auto Latch Current -16 16 5 µA 

Note: 
[1] All inputs driven to OV, or Vee and outputs floating. 
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AC CHARACTERISTICS 
External 1/0 or Memory Read/Write Timing Diagram 

R/W, /DM 

Porto 

Port 1 

/AS 

IDS 
(Read) 

Port1 

IDS 
(Write) 

AO-A7 DO- D7 OUT 

Figure 24. External 1/0 or Memory Read/Write Timing 

Z86C93 
MUL Tl PLY/DIVIDE MCU 

AO-A7 

AO-A7 
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AC CHARACTERISTICS 
External 1/0 or Memory Read and Write; DSR/DSW; WAIT Timing Table 

TA= 0°c to +70°C Typical 
33MHz 25MHz 20MHz Vee= 5.0V 

No Symbol Parameter Min Max Min Max Min Max @2s0 c Units 

1 TdA(AS) Address Valid To /AS Rise Delay 13 22 26 ns 
2 TdAS(A) /AS Rise To Address Hold Time 20 25 28 ns 
3 TdAS(DI) /AS Rise Data In Req'd Valid Delay 90 130 160 ns 
4 TwAS /AS Low Width 20 28 36 ns 
5 TdAZ(DSR) Address Float To /DS Fall (Read) 0 0 0 ns 

6 TwDSR /DS (Read) Low Width 65 100 130 ns 
7 TwDSW IDS (Write) Low Width 40 65 75 ns 
8 TdDSR(DI) /DS Fall (Read) To Data in Req'd Valid Delay 30 85 100 ns 
9 ThDSR(DI} /DS Rise (Read) to Data In Hold Time 0 0 0 ns 
10 TdDS(A) /DS Rise To Address Active Delay 25 40 48 ns 

11 TdDS(AS) iDS Rise Tu i AS D~iay i6 30 36 ns 
12 TdR/W(AS) R/W Valid To /AS Rise Delay 12 26 32 ns 
13 TdDS(R/W} /DS Rise To R/W Not Valid Delay 12 30 36 ns 
14 TdDO(DSW) Data Out To /DS Fall (Write) Delay 12 34 40 ns 
15 ThDSW(DO) /DS Rise (Write) To Data Out Hold Time 12 34 40 ns 

16 TdA(DI) Address Valid To Data In Req'd Valid Delay 110 160 200 ns 
17 TdAS(DSR) /AS Rise To /DS Fall (Read) Delay 20 40 48 ns 
18 TaDl(DSR) Data In Set-up Time To /DS Rise Read 16 28 36 ns 
19 TdDM(AS) /DM Valid To /AS Rise Delay 10 22 26 ns 
20 TdDS(DM) /DS Rise To /DM Valid Delay 34* ns 

21 ThDS(A) /DS Rise To Address Valid Hold Time 34* ns 
22 TdXT(SCR) XTAL Falling to SCLK Rising 20* ns 
23 TdXT(SCF) XTAL Falling to SCLK Falling 23* ns 
24 TdXT(DSRF) XTAL Falling to/DS Read Falling 29* ns 
25 TdXT(DSRR) XTAL Falling to /DS Read Rising 29* ns 

26 TdXT(DSWF) XTAL Falling to /DS Write Falling 29* ns 
27 TdXT(DSWF) XTAL Falling to /DS Write Rising 29* ns 
28 TsW(XT} Wait Set-up Time 10* ns 
29 ThW(XT) Wait Hold Time 15* ns 
30 TwW Wait Width (One Wait Time) 25* ns 

Notes: 
When using extended memory timing add 2 TpC. 
Timing numbers given are for minimum TpC. 
• Preliminary value to be characterized. 
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AC CHARACTERISTICS (Continued) 

XlAL 

r® 
SCLK -----+-

DSR 

DSW 

XlAL1 

• 
SCLK 

AS 

OS 

WAIT 

f-@ 

r-@ I-@ 
l ___ I 

Figure 25. XTAUSCLK to DSR and DSW Timing 

T1 

LJ 

T2 I TW TW TW 

• t • • 

twht ·I twsu 
1 ... ... .. 

Figure 26. XTAUSCLK to WAIT Timing 
(25 MHz & 33 MHz Device only) 

T3 T1 

LJ 

L 

Z86C93 
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AC CHARACTERISTICS 
Additional Timing Diagram 

IRON 

Figure 27. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

No Symbol Parameter 

1 TpC Input Clock Period 
2 TrC,TfC Clock Input Rise & Fall Times 
3 TwC Input Clock Width 

4 TwTinL Timer Input Low Width· 
5 TwTinH Timer Input High Width 
6 TpTin Timer Input Period 
7 TrTin,TITin Timer Input Rise & Fall Times 

BA TwlL Interrupt Request Input Low Times 
BB TwlL Interrupt Request Input Low Times 
9 TwlH Interrupt Request Input High Times 

Notes: 

33MHz 
Min Max 

30 1000 
5 

10 11 

75 75 
3TpC 3TpC 
BTpC BTpC 
100 100 

70 70 
5TpC 5TpC 
3TpC 3TpC 

[1] Clock timing references use 3.av for a logic 1 and a.av for a logic a. 
[2] Timing references use 2.av for a logic 1 and a.av for a logic a. 
[3] Interrupt references request through Port 3. 
[4] Interrupt request through Port 3 (P33-P31). 
[5] Interrupt request through Port 3a. 
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TA= 0°c to +70° C 
25MHz 

Min Max 

42 1000 
10 
15 

75 
3TpC 
BTpC 
100 

70 
5TpC 
3TpC 

Min 

50 

20 MHz 

Z86C93 
MULTlPLYIDMDE MCU 

Max Units Notes 

1000 
10 

ns 
ns 
ns 

[1) 
[1) 
[1) 

ns [2] 
[2] 
[2] 

ns [21 

ns [2,41 
[2,5] 
[2,3] 
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AC CHARACTERISTICS 
Handshake Timing Diagrams 

Data In 

/DAV 
(Input) 

RDY 
(Output) 

Data Out 

/DAV 
(Output) 

RDY 
(Input) 

Data In Valid 
~r-----------------

Next Data In Valid 

~r-----------------

Delayed DAV 

Delayed RDY 

''------.--c.. - - - - - _I 

Figure 28. Input Handshake Timing 

1---------r------- --------
Data Out Valid Next Data Out Valid 

1-------------1r--------------

\ Delayed DAV 

Figure 29. Output Handshake Timing 
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AC CHARACTERISTICS 
Handshake Timing Table 

TA= 0°C to +7D°C Data 
No Symbol Parameter Min Max Units Direction 

1 TsDl(DAV) Data In Setup Time to /DAV 0 ns In 
2 ThDl(DAV) ROY to Data In Hold Time 0 ns In 
3 TwDAV /DAV Width 40 ns In 
4 TdDAVlf(RDYf) /DAV to ROY Delay 70 ns In 

5 TdDAVlr{RDYr) DAV Rise to ROY Wait Time 40 ns In 

6 TdRDYOr(DAVlf) ROY Rise to DAV Delay 0 ns In 
7 TdDO(DAV) Data Out to DAV Delay TpC ns Out 
8 TdDAVOf(RDYlf) /DAV to ROY Delay 0 ns Out 

9 T dRDYlf(DAVOr) ROY to /DAV Rise Delay 70 ns Out 
10 TwRDY ROY Width 40 ns Out 
11 TdRDYlr(DAVOf) ROY Rise to DAV Wait Time 40 ns Out 
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EXPANDED REGISTER FILE CONTROL REGISTERS 

T2TMR(D)01 

T1H (D) 02 

O No Function 
1 LoadT2 

0 Disable T2 Count 
1 Enable T2 Count 

Count Mode 
O T2 Single Pass 
1 T2 Modulo N 

Interrupt Enabled 
0 Disable 
1 Enable 

T20ut (P35) 
o Disable 
1 Enable 

Reserved (Must be O) 

T2 CLOCK Source 
0 XTAUB 
1 XTAU2 

T2 End Of Count 
0 NotEOC 
1 EOC 

Figure 30. Timer 2 Mode Register 
(01H: Read/Write) 

T1 High Byte Initial Value 
(When Written) 

T1 High Byte Current Value 
(When Read) 

Figure 31. Counter Timer 1 Register High Byte 
(02H: Read/Write) 

PRE2 (D) 03 

CTC Cascade Control Bits 
TO T1 T2 

00 8 8 32 
01 16 16 16 
10 8 24 16 
11 8 16 24 

Reserved (Must be 0) 

Prescaler Modulo 
(Range: 1 - 16 Decimal 
01 -00 Hex) 

Figure 32. Prescaler 2 Register High Byte 
(03H: Write Only) 

TOH (D)04 

TO High Byte Initial Value 
(When Written) 

TO High Byte Current Value 
(When Read) 

Figure 33. Counter Timer O Register High Byte 
(04H: Read/Write) 

T2H(D)06 

T2 High Byte Initial Value 
(When Written) 

T2 High Byte Current Value 
(When Read) 

Figure 34. Counter Timer 2 Register High Byte 
(06H: Read/Write) 
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ZS CONTROL REGISTERS 

T2L (D) 07 

T2 Low Byte Initial Value 
(When Written) 

T2 Low Byte Current Value 
(When Read) 

Figure 35. Counter Timer 2 Register Low Byte 
(07H: Read/Write) 

MDCON (E)06 

Handshake Bit 

DIViae Dy zero Error (Read Only) 
o =No Error 
1 =Error 

Division Overflow (Read Only) 
O = No Overflow 
1 =Overflow 

Reserved (Must be 0) 

Function Selection 
OO=NOP 
01 = Division Select 
1 o = Multiplication Select 
11 =NOP 

O =Data Register Load & Begin Operation (Write) 
1 =Operation Completed (Read) 

Figure 36. Multiply/Divide Control Register 
(MDCON) 

R240 SIO 
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Serial Data (DO = LSB) 

Figure 37. Serial 1/0 Register 
(FOH: Read/Write) 

Z86C93 
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. R241 TMR 

R242 T1 

0 No Function 
1 Load TO 

0 Disable TO Count 
1 Enable TO Count 

0 No Function 
1 LoadT1 

O Disable T1 Count 
1 Enable T1 Count 

TIN Modes 
00 External Clock Input 
01 Gate Input 
10 Trigger Input 

(Non-retriggerable) 
11 Trigger Input 

(Retriggerable) 

TOUT Modes 
00 Not Usea 
01 TO Out 
10 T1 Out 
11 Internal Clock Out 

Figure 38. Timer Mode Register 
(F1 H: Read/Write) 

T1 Low Byte Initial Value 
(When Written) 

T1 Low Byte Current Value 
(When Read) 

Figure 39. Counter/Timer 1 Register 
(F2H: Read/Write) 



R243PRE1 

R244 TO 

Count Mode 
o T1 Single Pass 
1 T1 Modulo N 

Clock Source 
1 T1 Internal 
O T1 External Timing Input 

(TIN) Mode 

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

Figure 40. Prescaler 1 Register 
(F3H: Write Only) 

TO Low Byte Initial Value 
(When Written) 

TO Low Byte Current Value 
(When Read) 

Figure 41. Counter!Timer 0 Register 
(F4H: Read/Write) 

R247 P3M 

R245 PREO 

Z86C93 
MULTIPLY/DIVIDE MCU 

Count Mode 
O TO Single Pass 
1 TO Modulo N 

Reserved (Must be 0) 

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

Figure 42. Prescaler 0 Register 
(F5H: Write Only) 

R246 P2M 

P20 - P27 1/0 Definition 
O Defines Bit as Output 
1 Defines Bit as Input 

Figure 43. Port 2 Mode Register 
(F6H: Write Only) 

O Port 2 Pull-Ups Open Drain 
1 Port 2 Pull-Ups Active 

Reserved (Must be 0) 

O P32 = Input P35 =Output 
1 P32 = /DAVO/RDYO P35 = RDYO//DAVO 

00 P33 = Input 

01} 10 P33 =Input 

11 Reserved 

0 P31 = Input (TIN) 
1 P31 = /DAV2/RDY2 

O P30 =Input 
1 P30 =Serial IN 

0 PantyOFF 
1 ParityON 

P34=0utput 

P34=/DM 

P36 = Output (TOUT) 
P36 = RDY2//DAV2 

P37 =Output 
P37 =Serial OUT 

Figure 44. Port 3 Mode Register 
(F7H: Write Only) 
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ZS CONTROL REGISTERS (Continued) 

R248P01M 

P03 - POO Mode 
00 Output 
01 Input 
1X A11-AB 

Stack Selection 
O External 
1 Internal 

P17 - P10 Mode 
00 Reserved 
01 Reserved 
10 AD7-ADO 
11 Reserved 

External Memory Timing 
0 Normal 
1 Extended 

P07 PC4 Mode 
00 Output 
01 Input 
1X A15-A12 

Figure 45. Ports 0 and 1 Mode Registers 
(FSH: Write Only) 

R2491PR 

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

IRQ1, IRQ4 Priority (Group C) 
0 IRQ1 >IRQ4 
1 IR04>1RQ1 

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

IRQ3, IRQ5 Priority (Group A) 
0 IR05> IRQ3 
1 IR03>1RQ5 

Reserved (Must be 0) 

Figure 46. Interrupt Priority Register 
(F9H: Write Only) 

R250 IRQ 

Z86C93 
MULTIPLYIDMDE MCU 

IRQO = P32 Input 
IRQ1 = P33 Input 
IRQ2 = P31 Input 
IRQ3 = P30 Input 
IR04=T0 
IRQ5=T1 

Reserved (Must be O) 

Figure 47. Interrupt Request Register 
(FAH: Read/Write) 

R251 IMR 

1ITT1~1~1~1 00 1~1~1 00 1 

I I.______ 1 Enables IRQO-IRQ5 
(DO=IRQO) 

Reserved (Must be O) 

1 Enables Interrupts 

Figure 48. Interrupt Mask Register 
(FBH: Read/Write) 

R252FLAGS 

User Flag F1 

User Flag F2 

Half Carry Flag 

Decimal Adjust Flag 

Overflow Flag 

Sign Flag 

Zero Flag 

Carry Flag 

Figure 49. Flag Register 
(FCH: Read/Write) 



R253 RP 

R254 SPH 

Expanded Register File 

Working Register Pointer 

Figure 50. Register Pointer 
{FDH: Read/Write) 

Stack Pointer Upper 
Byte (SPB - SP15) 

Figure 51. Stack Pointer High 
{FEH: Read/Write) 

R255 SPL 

Z86C93 
MUL TIPLYIDMDE MCU 

Stack Pointer Lower 
Byte (SPO - SP7) 

Figure 52. Stack Pointer Low 
{FFH: Read/Write) 

11-37 

m 



•2n.m 
INSTRUCTION SET NOTATION 

Z86C93 
MULTIPLYIDMDE MCU 

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 

IRR 

Irr 
x 
DA 
RA 
IM 
R 
r 
IR 

Ir 
RR 

Meaning 

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

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

Symbol 

dst 
src 
cc 
@ 

SP 
PC 
FLAGS 
RP 
IMR 

11-38 

Meaning 

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

Symbol 

c 
z 
s 
v 
D 
H 

Meaning 

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

Affected flags are indicated by: 

0 
1 

x 

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

Value Mnemonic Meaning Flags Set 

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

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

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

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

m 
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INSTRUCTION FORMATS 

Z86C93 
MUL11PLYIDMDE MCU 

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

dst OPC 

One-Byte Instructions 

OPC MODE CLR, CPL, DA, DEC, 

dst/src oRI 111oj dst/srcl 
DECW, INC, INCW, 
POP, PUSH, RL, RLC, 
RR, RRC, SRA, SWAP 

OPC I OR I 1110 I 
JP, CALL (Indirect) 

dst dst 

OPC SRP 

VALUE 

OPC MODE ADC, ADD, AND, CP, 

dst src 
OR, SBC, SUB, TCM, 
TM, XOR 

MODE OPC LO, LOE, LDEI, 

dst/src src/dst 
LDC, LOCI 

.---...,..----. . LO 
.__ ___ __. OR I 1 11 0 I src 

dst/src OPC 

dst OPC LO 

VALUE 

I dst/CC L OPC DJNZ,JR 

FFH STOP/HALT 

6FH I 7FH 

Two-Byte Instructions 

INSTRUCTION SUMMARY 

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

dst +- dst + src 

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

11-40 

OPC I MODE ADC, ADD, AND, CP, 

src OR 111 0 src 
LO, OR, SBC, SUB, 
TCM,TM,XOR 

dst OR 111 0 dst 

OPC l MODE ADC, ADD, AND, CP, 

dst OR I 111 0 I dst I LO, OR, SBC, SUB, 
TCM,TM,XOR 

VALUE 

MODEj OPC LO 

src OR 111 0 src 

dst OR 111 0 dst 

MODEj OPC LO 

dst/srcj x 
ADDRESS 

cc I OPC JP 

DAU 

DAL 

OPC CALL 

DAU 

DAL 

Three-Byte Instructions 

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

dst (7) 

refers to bit 7 of the destination operand. 



~2iUJG 
Z86C93 

MULTIPLY/DIVIDE MCU 

INSTRUCTION SUMMARY 

Address Opcode Address Opcode 
Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected 
and Operation dst src (Hex) c z S V DH and Operation dst src (Hex) c z S V DH 

ADC dst, src t 1[ 1 ****o* INC dst rE - * * * - -
dstt-dst + src +C dstt-dst + 1 r=O-F 

R 20 
ADD dst, src t O[ 1 * * * * 0 * IR 21 
dstt-dst + src 

INCWdst RR AO - * * * AND dst, src t 5[ 1 - * * 0 dstt-dst + 1 IR A1 
dst t-dst AND src 

IRET BF * * * * * * CALL dst DA 06 - - - - FLAGSt-@SP; 
SPt-SP-2 IRR 04 SPt-SP + 1 
@SPt-PC, PCt-@SP; 
PCt-dst SPt-SP +2; 
CCF EF * - - - - - IMR(?)t--1 
Ct-NOTC JP cc, dst DA co - - - - - -
CLR dst R BO - - - - - - if cc is true, C=D-F 

dstt--0 IR B1 PCt-dst IRR 30 

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

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

CP dst, src t A[ 1 * * * * Range: + 127, 
dst-src -128 

DAdst R 40 * * * x LD dst, src r Im re - - - - - -
dstt-DA dst IR 41 dstt-src r R r8 m R r r9 
DEC dst R DO - * * * r=D-F 
dstt-dst-1 IR 01 r x C? 
DECW dst RR 80 - * * * x r 07 
dstt-dst-1 IR 81 r Ir E3 

Ir r F3 
DI BF - - - - - - R R E4 
IMR(7)t-O R IR E5 

DJNZr, dst RA rA R IM E6 - - - - - -
IR IM E7 rt-r-1 r=D-F 
IR R F5 

if r'f'D 
PCt-PC + dst LDC dst, src Irr C2 - - - - - -
Range: + 127, dstt-src 
-128 

LOCI dst, src Ir Irr C3 - - - - - -
El 9F - - - - - - dstt-src 
IMR(7)t-1 rt-r + 1;rrt-rr+1 

HALT 7F - - - - - -
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<t'21LCl6 Z86C93 
MULTIPLYIDMDE MCU 

INSTRUCTION SUMMARY (Continued) 

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

NOP FF STOP 6F 

OR dst, src t 41 I - * * 0 SUB dst, src t 21 I * * * * * 
dst+-dst OR src dSl+-dSl+-Src 

POP dst R 50 - - - - - - SWAPdst R FO x * * x - -
dsl+-@SP; IR 51 IR F1 
SP+-SP+ 1 1123 •I 
PUSH src R 70 - - - - - -
SP+-SP-1; IR 71 
@SP+...src TCM dst, src t 61 I - * * 0 - -

(NOT dst) 
RCF CF 0 - - - - - AND src 
C+-0 

TM dst, src t 71 I - * * 0 
RET AF - - - - - - dst AND src 
PC+-@SP; 
SP+-SP+2 XOR dst, src t Bl I - * * 0 - -

dsl+-dst 
RL dst R 90 ****-- XOR src 

IR 91 

~ 
t These instructions have an Identical set of addressing modes, which 
are encoded for brevity. The first opcode nibble is found in the instruction 
set table above. The second nibble is expressed symbolically by a '[ ]' 

RLC dst R 10 ****-- in this table, and its value is found in the following table to the left of the 
IR 11 applicable addressing mode pair. 

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

RR dst R EO ****--
IR E1 

Lower Address Mode 
~~ dst src Opcode Nibble 

RRC dst R co ****-- [2] 
IR C1 

~~ Ir [3] 

SBC dst, src t 31 I * * * * 1 * R R [4] 
dSl+-dSl+-SfC+-C 

SCF DF 
R IR [5] - - - - -

C+-1 R IM (6) 

SRAdst R DO * * * 0 - -
IR D1 IR IM [7] 

~ 
SRPdst Im 31 - - - - - -
RP+-src 
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OPCODE MAP 

0 2 3 4 

6.5 6.5 6.5 6.5 10.5 
0 DEC DEC ADD ADD ADD 

R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

RLC RLC ADC ADC ADC 
R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

2 INC INC SUB SUB SUB 
R1 IR1 r1, r2 r1, lr2 R2, R1 
8.0 6.1 6.5 6.5 10.5 

3 JP SRP SBC SBC SBC 
IRR1 IM r1, r2 r1, lr2 R2, R1 
8.5 8.5 6.5 6.5 10.5 

4 DA DA OR OR OR 
R1 IR1 r1, r2 r1, lr2 R2, R1 
10.5 10.5 6.5 6.5 10.5 
POP POP AND AND AND 
R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

6 COM COM TCM TCM TCM 

i R1 IR1 r1, r2 r1, lr2 R2, R1 

e. 10/12.1 12/14.1 6.5 6.5 10.5 .. 7 PUSH PUSH TM TM TM 
R2 IR2 r1, r2 r1, lr2 R2, R1 :i5 

.a z 10.5 10.5 12.0 18.0 
DECW DECW LDE LDEI 

RR1 IR1 r1 lrr2 lr1 lrr2 
6.5 6.5 12.0 18.0 

!. 8 

Cl. 
:::> 

9 RL RL LDE LDEI 
R1 IR1 r2 lrr1 lr2 lrr1 
10.5 10.5 6.5 6.5 10.5 

A INCW INCW CP CP CP 
RR1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 6.5 6.5 10.5 

B CLR CLR XOR XOR XOR 
R1 IR1 r1, r2 r1, lr2 R2, R1 
6.5 6.5 12.0 18.0 

c RRC RRC LDC LDCI 
R1 IR1 r1, lrr2 lr1, lrr2 

6.5 6.5 12.0 18.0 20.0 
D SRA SRA LDC LDCI CALL• 

R1 IR1 r1, lrr2 lr1, lrr2 IRR1 
6.5 6.5 6.5 10.5 

E RR RR LD LD 
R1 IR1 r1, IR2 R2, R1 
8.5 8.5 6.5 

F SWAP SWAP LD 
R1 IR1 lr1. r2 

y 
2 

Execution 
Cycles 

First 
Operand 

Lower Nibble (Hex) 

5 6 7 8 9 

10.5 10.5 10.5 6.5 6.5 
ADD ADD ADD LD LD 

IR2, R1 R1, IM IR1, IM r1, R2 r2, R1 
10.5 10.5 10.5 
ADC ADC ADC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
SUB SUB SUB 

IR2, R1 R1,IM IR1,IM 
10.5 10.5 10.5 
SBC SBC SBC 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
OR OR OR 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
AND AND AND 

IR2, R1 R1, IM IR1,IM 
10.5 10.5 10.5 
TCM TCM TCM 

IR2, R1 R1, IM IR1, IM 
10.5 10.5 10.5 
TM TM TM 

IR2, R1 R1, IM IR1, IM 

10.5 10.5 10.5 
CP CP CP 

IR2, R1 R1,IM IR1, IM 
10.5 10.5 10.5 
XOR XOR XOR 

IR2, R1 R1,IM IR1, IM 
10.5 
LD 

r1,x,R2 
20.0 10.5 

CALL LD 
DA r2,x,R1 

10.5 10.5 10.5 
LD LD LD 

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

y 
3 

Bytes per Instruction 

Pipeline 
Cycles 

Mnemonic 

Second 
Operand 

A B c D 

12110.5 12110.0 6.5 12.10.0 
DJNZ JR LD JP 
r1, RA cc, RA r1,IM cc, DA 

• • * 
y 

2 

Legend: 
R = 8-bit Address 
r = 4-bit Address 
R1 or r1 = Ost Address 
R2 or r2 = Src Address 

Sequence: 
Opcode, First Operand, 
Second Operand 

Note: Blank areas not defined. 

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

Z86C93 
MUL TIPLYIDIVIDE MCU 

E F 

6.5 
INC 
r1 

r-------1 

I---! 

1---! 

1--

1---! 

~ 
STOP 

"'"7:o"1 
HALT 

ts.1 
DI 

'6:1 
El 

t""""i4.0 
RET 

~ 
IRET 

~ 
RCF 

l'"ti:s 
SCF 

1-&5 
CCF 

t--s.o 
NOP 

~ 
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Z86C93 
MUL TIPLYIDIVIDE MCU 

PACKAGE INFORMATION 
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El 

~:!I~ 
--rAI 

S 1!1 B Bl 

40-Pin DIP Package Diagram 

A 
D 

DI 
45• 
~ ~ u-ul 40 

y 
7 r 39 

I 
!-·-·-·+·-·..:..._, El E 

I w 11c 
I 
i .... ~~· 

18 28 

SYMBOL MILLIMETER INCH 
MIN MAX MIN MAX 

Al O.Sl o.a1 .020 .032 
A2 3.25 3.43 .129 .!JS 
B 0.39 0.53 .015 .021 

Bl 1.02 l.52 .040 .060 
c o:eJ 0.38 .009 .015 
D 52.07 52.58 2.050 2.070 

E 15.24 15.75 .600 .620 
Et 13.59 14.22 .535 .560 

II 2.54 TYP .100 TYP 

eA 15.49 16.51 .610 .650 

L 3.18 3.91 .125 .150 

•QI 1.52 t.91 .060 .075 
s 1.52 2.29 .060 .090 

CONTROLLING DIHE'.NSIONS 1 INCH 

R WLOM 
.045/.025 

SYMBOL 
MILLIHE:TE:.R INCH 

NOTES• 
!. CONTROLLING DIMENSICNS • INCH 
2. LEADS ARE: COPLANAR V!THIN .004 IN. 
3. DIMENSION • ..JllL 

INCH 

A 
Al 

DIE: 

Dl/El 

D2 

II 

MIN MAX 

4.27 4.57 
2.67 2.92 

17.40 17.6!5 
16.51 16.66 

15.24 16.00 

1.27 TYP 

44-Pin PLCC Package Diagram 

HIN MAX 

.168 .180 

.105 .us 

.685 .695 

.650 .656 

.600 .630 

.OSO TYP 



.-------HD------

-----D----

I ·-·-·-·-·-i-·-·-·-·-· 

b 

NOTES• 

I 
i 
i 

t. CONTROLLING DIMENSIONS • MILLIMETER 
2. LEAD COPLANARITY • MAX .Ill mm 

.004" 

E HE 

SYMBOL 

Al 

A2 

b 

c 

HD 

D 

HE 

E 

Ill 
L 

MILLIMETER 

MIN MAX 

0.05 0.25 

2.00 2.25 

0.25. 0.45 

0.13 0.20 

13.70 14.30 

9.90 10.10 

13.70 14.30 

9.90 10.10 

o.80 TYP 

0.60 L20 

44-Pin QFP Package Diagram 

E HE .. w 
:JL Jt~ 

L 

o-s• 

SYMBOL 

A 

Al 

A2 

b 

c 
HD 

D 

HE 

E 

El 

L 

LE 

A2 

Al 

c 

o·-12· 

INCH 

MIN MAX 

.002 .010 

.078 .099 

.010 .019 

.oos .000 

.539 .563 

.390 .398 

.539 .563 

.390 .399 

.031 TYP 

.024 .047 

MILLIMETER 

MIN MAX 

1.35 1.60 

0.05 0.20 

1.30 I.SO 

0.15 0.26 • 

0.10 0.18 

8.60 9.40 

6.90 7.10 

8.60 9.40 

6.90 7.!0 

0.50 TYP 

0.3~ 0.70 

0.90 1.10 

L 

MIN 

.053 

.002 

.OSI 

.006 

.004 

.339 

.272 

.339 

.272 

INCH 

Z86C93 
MULTIPLY/DIVIDE MCU 

MAX 

.063 

.000 

.059 

.010 

.007 

.370 

.280 

.370 

.280 

.020 TYP 

.012 .028 

.035 .043 

I. CONTROLLING DIMENSIONS • MM 
2. MAX COPLANARITY : J0tw. 

.004' 

48-Pin VQFP Package Diagram 
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ORDERING INFORMATION 

Z86C93 

20 MHz 
44-pin PLCC 
Z86C9320VSC 

25 MHz 
44-pin PLCC 
Z86C9325VSC 

33 MHz 
44-pin PLCC 
Z86C9333VSC 

44-pin QFP 
Z86C9320FSC 

44-pin QFP 
Z86C9325FSC 

44-pin QFP 
Z86C9333FSC 

40-pin DIP 
Z86C9320PSC 

40-pin DIP 
Z86C9325PSC 

40-pin DIP 
Z86C9333PSC 

48-pin VQFP 
Z86C9320ASC 

48-pin VQFP 
Z86C9325ASC 

48-pin VQFP 
Z86C9333ASC 

For fast results, contact your local Zilog sales office for assistance in ordering the part desired. 

Package 
V =Plastic Leaded Chip Carrier 
P = Plastic Dual In Line Package 

Longer Lead Time 
F = Plastic Quad Flat Pack 
A = Very Small Quad Flat Pack 

Temperature 
S= 0°C to + ?0°C 

Speed 
20 = 20 MHz 
25 = 25 MHz 
33 = 33 MHz 

Environmental 
C = Standard Flow 

Example: 
Z86C9333VSC 

~ 

11-46 

is a Z86C93, 33 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow 

Environmental Flow 
Temperature 
Package 
Speed 
Product Number 
Zilog Prefix 

Z86C93 
MULTIPLY/DIVIDE MCU 



Z86E21 CMOS ZS® 
BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® 
Mi crocontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® 
ROMless Microcontroller 

Z86C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products m 
Superintegration™ 

Products Guide 

Zilog•s Literature Guide 
Ordering Information 





Z0860000ZCO DEVELOPMENT KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES: Z8600, Z8601, Z8611, Z86C21, 
Z86C61,Z86C91,Z86C93 

DESCRIPTION 
The ZS® Development Kit can be used for several pur
poses .. A.s an evaluation too!, one can learn the Z8 instruc
tion set plus the manipulation of the ZS MCU's interrupt 
vectors and register set. Secondly, the ZS Development Kit 
is designed to aid the user in constructing specific appli
cations using the ZS microcontroller. 

SPECIFICATIONS 
Power Requirements 

+5 Vdc@50 mA 

Dimensions 
Width: 4.0 in. (10.2 cm) 
Length: S.O in. (20.3 cm) 

Serial Interface 
RS-232C @ 9600 baud 

KIT CONTENTS 
ZS Development Board 
CMOS Z86C91 MPU 
12 MHz Crystal 
(32K)/SK x S EPROM 
(32K)/SK x S Static RAM 
RS-232C PC Interface 
ZS6C91 Expansion Header 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS/Supers™ Assembler and Utilities 
Host Communication Package 
Monitor Instructions 
Tutorial 
Sample ZS6C91 Application Software 

Documentation 
Microcontrollers Data Book 
ZS Development Kit User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZOS60000ZCO 

ZS®MCU DATABOOK 
SUPPORT PRODUCTS 
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Z86C0800ZCO APPLICATIONS BOARD 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86C08 

DESCRIPTION 
The kit contains an assembled circuit board, software and 
documentation to help the user become familiar with the 
features of the Z86C08 microcontroller. 

The Z86C0800ZCO Applications Board is used to demon
strate the advantages and versatility of the 18-pin Z8 
device. Included is simple hardware and software that 
demonstrates the implementation of WOT, HALT, and 
STOP mode, low cost D to A, and A to D conversion 
techniques. 

SPECIFICATIONS 
Power Requirements 

+5 Vdc@50 mA 

Dimensions 
Width: 4.4 in. (11.2 cm) 
Length: 4.8 in. (12.2 cm) 

12-2 

KIT CONTENTS 
Z86C08 Application Board 

CMOS Z86C08 MPU 
4 MHz Crystal 
Four ?-segment LED Displays 
17-Key Keypad 

Software (IBM® PC Platform} 
Application Source Code 
Z8®/Z80®/Z8000® Cross Assembler 
MOBJ Link/Loader 

Documentation 
Microcontrollers Data Book 
Z8 Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Z86C08 Application Kit User Guide 

ORDERING INFORMATION 
Part No: Z86C0800ZCO 

ZS®MCU DATABOOK 
SUPPORT PRODUCTS 



Z86C0800ZDP ADAPTOR BOARD 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86C08 

DESCRIPTION 
The Z86C08 Adaptor Board converts the Z8® MCU from a 
40-pin pin out to an 18-pin pin out. This adaptor board 
allows a standard Z8 emulation device to emulate the 
Z86C08. The Z86C08 Adaptor Board is placed between 
the Z8 emulator and the user's target socket. The board 
does not emulate the watchdog timer function. 

SPECIFICATIONS 
Dimensions . 

Width: 2.5 in. (6.4 cm) 
Length: 2.9 in. (7.4 cm) 

KIT CONTENTS 
Z86C08 Adaptor Board 

40-Pin Z8 MPU Socket 
18-Pin Z86C08 Socket 
12 MHz Crystal 

Cables 
18-Pin Z86C08 Emulation Cable 

Documentation 
Z86C08 Adaptor Kit User Guide 

ORDERING INFORMATION 
Part No: Z86C0800ZDP 

ZB®MCU DATABOOK 
SUPPORT PRoDUCTS 
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.2iUl6 Z8®MCU 0ATABOOK 
SUPPORT PRODUCTS 

Z86E21 OOZDF ADAPTOR KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86E21 

DESCRIPTION 
The Z86E21 QFP OTP Program Adaptor Kit allows the 
2764A standard EPROM programmer to program the 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 

12-4 

KIT CONTENTS 
Z86E21 QFP OTP Program Adaptor Board 

44-Pin QFP ZIF Socket 
28-Pin Connector 

Documentation 
OTP Program Adaptor User Guide 

ORDERING INFORMATION 
Part No: Z86E21 OOZDF 



Z86E21 OOZDP ADAPTOR KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86E21 

DESCRIPTION 
The Z86E21 DIP OTP Program Adaptor Kit allows the 
2764A standard EPROM programmer to program the 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.4 in. (3.6 cm) 
Length: 2.6 in. (6.6 cm) 

KIT CONTENTS 
Z86E21 OTP Program Adaptor Board 

40-Pin DIP ZIF Socket 
28-Pin Connector 

Documentation 
OTP Program Adaptor User Guide 

ORDERING INFORMATION 
Part No: Z86E2100ZDP 

ZB®MCU DATABOOK 
SUPPORT PRODUCTS 
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ZB®MCU DATABOOK 
SUPPORT PRootiCTS 

Z86E21 OOZDV ADAPTOR KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86E21 

DESCRIPTION 
The Z86E21 PLCC OTP Program Adaptor Kit allows the 
2764A standard EPROM programmer to program the 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 

+12.5 Vdc@ .5 A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 

12-6 

KIT CONTENTS 
Z86E21 PLCC OTP Program Adaptor Board 

44-Pin PLCC ZIF Socket 
28-Pin Connector 

Documentation 
OTP Program Adaptor User Guide 

ORDERING INFORMATION 
Part No: Z86E2100ZDV 



ZS®MCU DATABOOK 
SUPPORT PRODUCTS 

Z86E2101 ZDF CONVERSION KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86E21 

DESCRIPTION 
The Z86E21 OTP Program Conversion Kit converts a 
44-pin QFP package to a 40-pin DIP package, which 
allows the C12 ICEBOX'" to program the 44-pin QFP 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Dimensions 

Width: 2.0 in. (5.1 cm) 
Length: 2.1 in. (5.3 cm) 

KIT CONTENTS 
Z86E21 OTP Program Conversion Board 

44-Pin QFP ZIF Socket 
40-Pin Connector 

ORDERING INFORMATION 
Part No: Z86E2101ZDF 
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ZS®MCU OATABOOK 
SUPPORT PRODUCTS 

Z86E2101 ZDV CONVERSION KIT 
PRODUCT SPECIFICATION 

SUPPORTED DEVICE: Z86E21 

DESCRIPTION 
The Z86E21 OTP Program Conversion Kit converts a 
44-pin PLCC package to a 40-pin DIP package, which 
allows the C12 ICEBOX™ to program the 44-pin PLCC 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Dimensions 

Width: 1.8 in. (4.6 cm) 
Length: 2.1 in. (5.3 cm) 

12-8 

KIT CONTENTS 
Z86E21 OTP Program Conversion Board 

44-Pin PLCC ZIF Socket 
40-Pin Connector 

ORDERING INFORMATION 
Part No: Z86E2101ZDV 



ZS® MCU DATABOOK 
SUPPORT PRODUCTS 

Z86C61 OOTSC Z86C61 /63 MCU OTP EMULATION BOARD 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES: Z86C61, Z86C63 

DESCRIPTION 
The Z86C6100TSC Emulation Board allows the user to 
plug a programmed EPROM into the board to verify opera
tion of code before submitting for mask ROM. 

The Z86C61 Emulation Board provides emulation for Zilog's 
40-pin Z86C61/63 16K/32K MCUs. 

SPECIFICATIONS 
Emulatlon Specification 

Maximum Emulation Speed 16 MHz 

Power Requirements 
+5 Vdc@ 100 mA from Target Board 

Dimensions 
Width: 0.9 in. (2.28 cm) 
Length: 2.7 in. (6.86 cm) 

Operating Voltage Range 
4.5 V to 5.5 V 

Operating Temperature 
o to 70°C 

Operating Humidity 
10-90% RH (non-condensing) 

KIT CONTENTS 
Z86C61 OOTSC Emulation Board 

CMOS Z86C12 ICE 
28-Pin 16K X 8 or 32K X 8 EPROM SocKet 
40-Pin Z86C61/63 Socket Plug 

Software (IBM®·PC Platform) 
Z8/Z80/Z8000 Cross Assembler 
MOBJ Link/Loader 

Documentation 
Z86C6100TSC Emulation Board User Guide 

ORDERING INFORMATION 
Part No: Z86C6100TSC 
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ZB®MCU DATABOOK 
SUPPORT PRODUCTS 

Z86C6200ZEM IN·CIRCUIT EMULATOR 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES: Z86C62, Z86C96 

DESCRIPTION 
The ZB6C6200ZEM is a member of Zilog's ICEBOX"' 
product family of in-circuit emulators. The ICEBOX C62 
provides emulation for Zilog's Z86C62 (ROM device) and 
Z86C96 (ROM less device) micro-controllers. This includes 
all the essential MCU timing and 1/0 circuitry which simpli
fies user emulation of the prototype hardware/software 
product. The Emulator can be connected to a serial port 
COM 1 or COM 2 of the host computer (IBM® XT, AT, 386, 
486 compatible). 

SPECIFICATIONS 
Emulatlon Specification 

Maximum emulation speed 16 MHz 

Power Requirements 
+5Vdc@.5A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: 8.8 in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

12-10 

KIT CONTENTS 
Z86C62 Emulator 

ZB® Emulation Base Board 
CMOS Z86C9120PSC 
BK x 8 EPROM (Programmed 

with Debug Monitor) 
32K x 8 Static RAM 
3 64K x 4 Static RAM 
RS-232C Interface 
Reset Switch 

Z86C62 Emulation Daughter Board 
20 MHz CMOS Z86C9620VSC ICE Chip 
5 HP-16500A Logic Analysis 

System Interface Connectors 
80/60 Pin Target Connector 

Cables 
12", Z86C96 68-Pin PLCC Emulation Pod 
12', Z86C62 64-Pin DIP Emulation Pod 
48" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM PC Platform) 
ZB/ZBO®/ZBOOO® Cross Assembler 
Windows Host Interface (GUI) 
MOBJ Link/Loader 
Host Package 

Documentation 
ICEBOX"' User Guide 
ZB Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Windows Host Interface User Guide (GUI) 
Registration Card 

ORDERING INFORMATION 
Part No: Z86C6200ZEM 
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Z86C1200ZEM ZS® IN-CIRCUIT EMULATOR ·C12 
PRODUCT SPECIFICATION 

SUPPORTEDDEVICES Z86C08,Z86E08,Z86COO,Z86C10,Z86C11,Z86C20, 
Z86C21, Z86E21111, Z86E22111, Z86E23121, Z86C91 

DESCRIPTION 
The ZS6C1200ZEM is a member of Zilog's ICEBOX™ 
product family of in-circuit emulators The ICEBOX 
-C12 provides emulation and OTP programming support 
for Zilog'sZS microcontroller. The Emulator provides all the 
essential MCU timing and 1/0 circuitry which simplifies 
user emulation of the prototype hardware/software prod
uct. The data entering, program debugging, and OTP 
programming are performed by the monitor ROM and the 
Host Package which communicates through a RS-232C 
serial interface with a fixed 19200 baud rate. The user 
program can be downloaded directly from the host com
puter through the RS-232C connector. The user code may 
then be executed using various debugging commands in 
the monitor. The Emulator can be connected to a serial port 
COM 1 or COM 2 of the host computer (IBM® XT, AT 
Compatible). 

SPECIFICATIONS 
Emulation Specification 

Maximum Emulation Speed 16 MHz 

Power Requirements 
+5 Vdc@ 1.0 A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.S in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

Notes: 
[1] Does not support 4K/8K option bit. 
[2] With Z86E2300ZDP Programming Adaptor, Rev. 1.0 

KIT CONTENTS 
Z86C12 Emulator 

ZS Emulation Base Board (Revision B) 
CMOS ZS6C9120PSC 
SK X S EPROM (Programmed with Debug Monitor) 
EPM512S EPLD 
32K XS STATIC RAM 
3 64K X 4 STATIC RAM 
RS-232C Interface 
Reset Switch 

ZS6C12 Emulation Daughter Board 
EPM5032 EPLD 
16 MHz CMOS ZS6C1216GSE ICE Chip 
40/1S Pin ZIF OTP Sockets 
S0/60/40 Pin Target Connectors 

Cables 
12", 40-Pin DIP Emulation Cable 
12", 2S-Pin DIP Emulation Cable 
12", 1S-Pin DIP Emulation Cable 
15", Power Cable with Banana Plugs 
4S", Power Cable 
60", DB 25 RS-232C Cable 

Software (IBM®·PC Platform) 
ZS/ZSO/ZSOOO Cross Assembler 
MOBJ Link/Loader 
Host Package (Revision 1 .5) 
Includes Windows and non-Windows 

Documentation 
Emulator User Guide 
Support Products Catalog 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: ZS6C1200ZEM 

12-11 
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ZS® S SERIES EMULATORS 
BASE UNITS AND PODS 

DESCRIPTION 
The system comprises three base unit options, (64K, 
I 28K, or 256K of emulation program ROM), and four pod 
options which allow the emulation of various ZS 
microcontrollers. Features include real-time transparent 
emulation up to 20 MHz, in-line symbolic assembler and 

SPECIFICATIONS 
Microcontrollers Emulated: 

Z86Cl200ZPD Z86COO, Z86CIO, Z86C20, Z86CI 1, 
Z86C21,Z86E21,Z86C91,Z86C61 
Z86C5000ZPD Z86C09,Z86C19,Z86C30,Z86C40, 
Z86C90 
Z86C9300ZPD Z86C93 
Z86C9500ZPD Z86C95 

Maximum Emulation Speed: 
Up to 30 MHz (microcontroller dependent) 

Size: 
260 mm wide, 260 mm deep, 64 mm high 

Operating Temperature: 
0°C to +40°C 

Storage Temperature: 
-10°C to +65°C 

Operating Humidity: 
0 to 90% 

Maximum Emulation Program Memory: 
64 Kbytes with Z86COOOOZUSP064 
128 Kbytes with Z86COOOOZUSSP128 
256 Kbytes with Z86COOOOZUSP256 

Maximum Emulation Data Memory: 
64 Kbytes 

Program Memory Mapping: 
1 K blocks 

Pass Counters: 
Two, 16-bit each 

Trace Buffer: 
32K- 80 bits 

12-12 

disassembler, real-time hardware breakpoints, eight chan
nel user logic analyzer, external trigger input and outputs, 
trace display and memory display/edit during execution, 
and window or command driven user interface. 

Sequencer: 
Hardware, 8 levels 

User Probe: 
Eight channel logic input 
One trigger input 
Seven trigger outputs (Events, Pass Counters, 

Sequencer) 

Host Interface: 
Asynchronous RS-232C 
9600/115 KBaud 
XON/XOFF support 

File Upward/Downward Format: 
Zilog MUFOM (EEE 695-1985) 
Intel® HEX 
Intel AOMF 
2500AD® Software 

MINIMUM HOST REQUIREMENTS 
• IBM® compatible PC/XT/AT/386 or PS-2 
• 640 Kbyte memory 
• 20 Mbyte hard disk 
• RS-232 serial port (COM 1 or COM 2) 
• Mouse (serial or bus) 
• MDA, CGA, EGA, or VGA video adaptor 

MINIMUM EMULATION SUPPORT 
• One base unit 
• One emulation pod 

ORDERING INFORMATION: 
Base Unit Emulation Pod 

Z86COOOOZUSP064 Z86C9300ZPD 
Z86COOOOZUSP128 Z86C1200ZPD 
Z86COOOOZUSP256 Z86C5000ZPD 
Z86C9500ZUSP064 Z86C9500ZPD 



~2.il c:u., 
Z86E21 CMOS ZS® 

BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® 
Microcontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® 
ROMless Microcontroller' 

Z86C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products 

Superintegration™ II 
Products Guide 

Zilog•s Literature Guide 
Ordering Information 
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Block 
Diagram 

Part# 

Description 

Process/Speed 

Features 

Package 

Other 
Applications 

DSP 
512 RAMl4K ROM 

16-BIT MAC 
DATA I RAM 

1/0 1/0 

Z89COO 

16-Bit Digital Signal 
Processor 

CMOS 10, 15 MHz 

16-bit Mac 75 ns 
2 data RAMs 

(256 words each) 
4K word ROM 
64Kx16 Ext. ROM 
16-bit 1/0 Port 
7 4 instructions 
Most single cycle 
Two conditional branch 

inputs, two user outputs 
Library of software 

macros available 
zero overhead pointers 

68-pin PLCe 
60-pin VOFP 

16-bit 
General-Purpose DSP 
TMS 32010/20/25 

applications 

II 

ZB I DSP 

24K I 4KWORD 
ROM ROM 

256 BYTESl512 WORD 
RAM RAM 
8-Bit I 10-Bit 
AID D/A 

Z89120 

Zilog Modem/Fax 
Controller (ZMFC) 

CMOS20 MHz 

zs• controller 
with 24 Kbyte ROM 

16-bit DSP with 
4K word ROM 

S-bitND 
10-bit D/A (PWM) 
Library of software 

macros available 
471/0 pins 
Two comparators 
Independent ZS® and 
DSP Operations 

Power-Down Mode 

6S-pin PLCC 

Multimedia-Audio 
Voicemail 
Speech Storage and 

Transmission 
Modems 
FAXes, Sonabouys 

ZS I DSP 
4KWDRD 

RDM 

256 BYTES 1512 WORD 
RAM RAM 

8-BIT I 10-BIT 
!VD DIA 

Z89920 

Zilog Modem/Fax 
Controller (ZMFC) 

CMOS20 MHz 

ZS w/64K external memory 
DSP w/4K word ROM 
S-bitND 
10-bit D/A 
Library of macros 
471/0 pins 
Two comparators 
Independent ZS® and 
DSP Operations 

Power-Down Mode 

6S-pin PLCC 

Multimedia-Audio 
Voicemail 
Speech Storage and 

Transmission 
Modems 
FAXes, Sonabouys 

PIO~ 
WDT 

SID 
CTC 

Z80 CPU 

Z84C15 

IPC/EIPC Controller 

CMOS 6, 10,16 MHz 

ZSO® CPU, SIO, CTC 
WDT, CGC 

The ZSO Family in 
one device 

Power-On Reset 
Two chip selects 
32-bit CRC 
WSG 

EV mode' 
3 and 5 Volt Version 

100-pin QFP 
100-pin VOFP 

Intelligent peripheral 
controllers 

Modems 

241/0 

ESCC 116550 
(2 CH) MIMIC 

S180 

Z80182 

Zilog Intelligent 
Peripheral (ZIP"j 

CMOS 16, 20 MHz 

Complete Static Version 
of Z1SO~plus ESCC 
(2 channels of Z85230) 
16550 MIMIC 
24 Parallel 1/0 
Emulation Modes' 

100-pin OFP 
100-pin VQFP 

General-Purpose 
Embedded Control 
Modem, Fax, 
Data Communications 

2 DMA 

ZBO 12 UART 
CPU 2 CIT 

C/Ser 

MMUI OSC 

Z80180 

High-performance 
ZSO® CPU with 
peripherals 

6, S, 10, 16*, 20* 
*ZSS1 SO only 

Enhanced zso• CPU 
MMU 1 Mbyte 
2 DMAs 
2 UARTs 

with BRGs 
C/Serial i/O Port 
Oscillato: 
ZSS1 SO includes; 
Pwr dwn. Prgmble 
EMI, divide-by-one 
clock option 

64-pin DIP 
6S-pin PLCC 
SO-pin QFP 

Embedded Control 

G 
Z85230 

Enhanced Serial 
Com. Controller 

CMOS S, 10, 16, 20 MHz 

Full dual-channel 
sec plus deeper 
FIFOs: 
4 bytes on Tx 
S bytes on Rx 

DPLL counter per 
channel 

Software compatible 
toSCC 

40-pin DIP 
44-pin PLCC 

General-Purpose 
datacom. 

High pertormance 
sec software 

compatible upgrade 
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Block 
Diagram ~I BK PROM UART 

CPU CPU 
256 RAM 

P3 II I PO P1 P2 P3 

Part# Z86C91/Z8691 

Description I ROM less ZB® 

Process/Speed I CMOS 16 MHz (C91) 
NMOS 12 MHz (91) 

Features I Full duplex UART 

Package 

Application 

2 Standby Modes 
(STOP and HALT) 

2x8 bit 
Counter/Timer 

40-pin DIP 
44-pin PLCC 
44-pin QFP 

Disk Drives 
Modems 
Tape Drives 

I Z86E21 

ZB" 8KOTP 

CMOS 12, 16 MHz 

8KOTP ROM 
256 Byte RAM 
Full-duplex UART 
2 Standby Modes 

(STOP and HALT) 
2 Counter/Timers 
ROM Protect option 
RAM Protect option 
Low EMI option 

140-pin DIP 
44-pin PLCC 
44-pin QFP 

I Software Debug 
Z8" prototyping 
Z8• production runs 
Card Reader 

DSP I MULT DIV UART 
512 RAM 4K ROM CPU OSC 

16-BIT MAC 
DATA RAM 

1/0 1/0 11 I PO I P1 

Z89CDD I Z86C93 

16-Bit Digital Signal Enhanced Z8" 
Processor 

CMOS 10, 15 MHz CMOS 20, 25 MHz 

16-bit Mac 75 ns 16x16Multiply1.7 J.l5 
2 data RAMs 32x16 Divide 2.0 J.l5 

(256 words each) Full duplex UART 
4Kword ROM 2 Standby Modes 
64Kx16 Ext. ROM (STOP and HALT) 
16-bit 1/0 Port 3 16-bit Counter/Timers 
7 4 instructions Pin compatible to 
Most single cycle Z86C91 (PDIP) 
Two conditional branch 

inputs, two user outputs 
Library of software 

macros available 
zero overhead pointers 

168-pin PLCC 40-pin DIP 
60-pin VQFP 44-pin PLCC 

44-pin QFP 
48-pin VQFP I Disk Drives Disk Drives 

Tape Drives Tape Drives 
Servo Control Modems 
Motor Control 

MULTjrnvlUART 
CPU DSP 

88-BIT I SRAM/ 
R-S DRAM 
ECG CTRL 

DAG PWM 
ADC SPI 

P2 I P3 j A15-0 

MCU AT/DE 
DISK HOST INTER- INTER- INTER-
FACE FACE FACE 

Z86C95 Z86D18 

Enhanced Z8® with DSP Zilog Datapath Controller (ZDPC) 

CMOS 24 MHz CMOS 40 MHz 

8 channel Full track read 
8-bit ADC, 8-bit DAG Automatic data transfer (Point & Go•) 
16-bit Multiply/Divide 88-bit Reed Solomon ECG 'on the fli" 
Full duplex UART Full AT/IDE bus intertace 
SPI (Serial Peripheral 64 KB SAAM buffer 

lntertace) 1 MB DRAM buffer 
3 Standby Modes Split data field support 

(STOP/HALT /PAUSE) 100-pin VQFP package 
Pulse Width Modulator JT AG boundary scan option 
3x16-bit timer Up to 8 KB buffer RAM 
16-bit DSP slave processor reserved for MCU 
83 ns Mult./Accum. 

80-pin QFP 1100-pin VQFP 
84-pin PLCC 100-pin QFP 
100-pin VQFP 

Disk Drives Hard Disk Drives 
Tape Drives 
Servo Control 
Motor Control 
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Block 
Diagram 

Part# 

Description 

Process/Speed 

Features 

Package 

Application 

ROM 
UART i CPU 
8611 : 

COUNTER/ RAM 
TIMERS 
PO P1 P2 P3 

Z08600/Z08611 

Z8® NMOS 
(CCPi 
8600=2KROM 
8611 =4KROM 

NMOS 8, 12 MHz 

2K/4KROM 
128 Bytes RAM 
22/32 1/0 lines 
On-chip oscillator 
2 Counter/Timers 
6 vectored, priority 

interrupts 
UART (Z8611) 

28-pin DIP 
40-pin DIP 
44-pin PLCC 

Low cost tape board 
TAD 

II 

4KROM 

CPU 

P2 I P3 

Z86C30/E30 
Z86C40/E40 

Z8'" Consumer Controller 
Processor (CCPi 

with 4KROM 
C30= 28-pin 
C40 =40-pin 
E30/E40 = OTP version 

CMOS12 MHz 

4K ROM, 236 RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
RAM Protect 
4 Ports (86C40/E40) 
3 Ports (86C30/E30) 
Brown-Out Protection 
2 Analog Comparators 
Low EMI 
Watch-Dog Timer 
Auto Power-On Reset 
Low Power option 

28-pin DIP 
40-pin DIP 
44-pin PLCC, QFP 

Window Control 
Wiper Control 
Sunroof Control 
Security Systems 
TAD 

ZS I DSP 
24K I 4K 
ROM ROM 
ND I D/A 

47 DIGITAL 1/0 

Z89C65 

Telephone Answering 
Controller with DSP 
LPG voice synthesis 
and DTMF detection 

CMOS20 MHz 

Z8"' Controller 
24KROM 
16-bit DSP 
4KWord ROM 
8-bit ND with AGC 
DTMF macro available 
LPG macro available 
10-bit PWM D/A 
Other DSP software 

options available 
471/0 Pins 

68-pin PLCC 

Fully featured cassette 
answering machines 
with voice prompts 
and DTMF signaling 

ZB 

AID 

Z89C66 

DSP 

D/A 

EXT. 
OUT 

Telephone Answering 
Controller with DSP LPG 
voice synthesis and DTMF 
detection and external 
ROM/RAM interface 

CMOS20 MHz 

Z8• Controller 
16-bi!DSP 
4KWord ROM 
8-bit ND with AGC 
DTMF macro available 
LPG macro available 
10-bit PWM D/A 
Other DSP software 

options available 
External ROM/RAM 

capability 
311/0 Pins 

68-pin PLCC 

General-Purpose OSP 
applications in TAD and 
other high-perfonmance 
1-tape voice processors 

ZB I OSP 

24K ROM I SK ROM 
RAM PORT !CODEC INTE 

PWM RAM ' 
REFRESH 

43 DIGITAL 1/0 

Z89C67 

Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and full 
memory control interface 

CMOS20 MHz 

Z8 .. Controller 
24K ROM 
16-bit DSP 
6KWord ROM 
DTMF macro available 
LPG macro available 
1 (}-bit PWM D/A 
Other DSP software 

options available 
ARAM/DRAM/ROM 

Controller & Interface 
Dual Codec Interface 
431/0 

84-pin PLCC 

Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance 
1-tape voice processors 

Z8 I DSP 

6K DSPROM 
CODEC INTF. PWM 

RAM RAM 
REFRESH PORT 

27 DIGITAL 1/0 

Z89C68 

Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and 
external ROM/RAM 
interface 

CMOS 20 MHz 

Z8"' Controller 
64K ROM (external) 
16-bit DSP, 6K word ROM 
DTMF macro available 
LPG macro available 
10-bit PWM D/A 
Other DSP software 

options available 
ARAM/DRAM control/ 

interiace 
External ROM/RAM 
Dual Codec Interface 
271/0 

84-pin PLCC 

Voice Processing, 
DSP applications in 
tapeless TAD and other 
high-performance Hape 
voice processors 
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Block 
Diagram 

Part# 

Description 

Process/Speed 

Features 

Package 

Application 

8KROM 

4KCHAR ROM 

Z8CPU I RAM 
OSD 

13 TIMER 5 
PWM WOT PORTS 

ZB6C27 /127 /97 

zs• Digital Television 
Controller MCU with 
logic functions needed 
for Television Controller, 
VCRs and Cable 

CMOS4 MHz 

ZS/DTC Architecture 
SK ROM, 256-byte RAM 
160x7-bit video RAM 
On-Screen Display 

{OSD) video controller 
Programmable color, size, 

position attributes 
13 PWMsforD/A 

conversion 
128-character set 
4Kx6-bit char. Gen. ROM 
Watch-Dog Timer (Won 
Brown-Out Protection 
5 Ports/36 pins 
2 Standby Modes 
LowEMI Mode 

64-pin DIP 
52-pin active (127) 

Low-end Television 
Cable/Satellite Receiver 

TV Controller 

6KROM 

3KCHARROM 

Z8CPU I RAM 
OSD 

7 TIMER 3 
PWM WOT PORTS 

ZB6227 

Standard OTC features 
with reduced ROM, 
RAM, PWM outputs 
for greater economy 

CMOS4 MHz 

ZS/OTC Architecture 
6K ROM, 256-byte RAM 
120x7-bit video RAM 
OSD on board 
Programmable color, 

size, position attributes 
7PWMs 
96-character set 
3Kx6-bit character 

generator ROM 
Watch-Dog Timer (WOT) 
Brown-Out Protection 
3 Ports/20 pins 
2 Standby Modes 
LowEMI Mode 

40-pin DIP 

Low-end Television 
Cable/Satellite Receiver 

CHAR ROM 

COMMAND 
INTERPRETER 

ANALOG 
SYNC/DATA I OSD 

SLICER CTRL 

ZB6128 

Line 21 Controller 
(L21Cj for 
Closed Caption 
Television 

CMOS 12 MHz 

Conforms to FCC 
Line 21 format 

Parallel or serial modes 
Stand-alone operation 
On-board data sync 

and slicer 
On-board character 

generator 
-Color 
- Blinking 
- Italic 
- Underline 

18-pin DIP 

TVs, VCRs, Decoders 

IR Controller 

1K/6KROM 
Z8CPU 

WOT 124 RAM 

P2 P3 

ZB6L06/l29 

18-pin ZS• Consumer 
Controller Processor 
{CCPj low-voltage and 
low-current battery 
operation 
1K-6KROM 

2K/8K/16K ROM 

Z8CPU 

WOT 128,256, 
768 RAM 

POIP1IP2IP3 

Z86L70/71/72 
(0193) 

ZS® {CCPj low-voltage 
parts that have more 
ROM, RAM and special 
Counter/Timers for 
automated output 
drive capabilities 

Cable TV 

4KROM 
CPU 

WOT 236 RAM P1 

P2 P3 PO 

Z86C40/E40 ZB6C61/62 

ZS® Consumer Controller I zs• MCU with 
Processor {CCPj Expanded I/O's 

with 4K ROM {C40) and 16K ROM 
E40 = OTP version 

Low Voltage CMOS8MHzl Low Voltage CMOS 8 MHz I CMOS 12 MHz CMOS 16, 20 MHz 

za• Architecture 
1K ROM & 6K ROM 
Watch-Dog Timer 
2 Analog Comparators 

with output option 
2 Standby Modes 
2 Counter/Timers 
Auto Power-On Reset 
2 volt operation 
RC OSC option 
Low Noise option 
Brown-Out Protection 
High current drivers (2, 4) 

18-pin DIP 
18-pin SOIC 

l.R. Controller 
Portable battery 

operations 

ZS"' Architecture 
2K/8K/16K ROM 
Watch-Dog Timer 
2 Analog Comparators 

with output option 
2 Standby Modes 
2 Enhanced Counter/ 

Timers, Auto Pulse 
Reception/Generation 

Auto Power-On Reset 
2 volt operation 
RC OSC option 
Brown-Out Protection 
High current drivers (4) 

20-pin DIP {L71), 
18-pin DIP, SOIC {L70) 
40,44-pin DIP, PLCC, QFP 
(L72) 

l.R. Controller 
Portable battery 

operations 

4K ROM, 236 RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
RAM Protect 
4Ports 
Brown-Out Protection 
2 Analog Comparators 
LowEMI 
Watch-Dog Timer 
Auto Power-On Reset 
Low Power option 

40-pin DIP 

Window Control 
Wiper Control 
Sunroof Control 
Security Systems 
TAD 

16K ROM 
Full duplex UART 
2 Standby Modes 

{STOP and HAL n 
2 Counter/Timers 
ROM Protect option 
RAM Protect option 
Pin compatible to 

Z86C21 
C61 =4Ports 
C62= ?Ports 

40-pin DIP {C61) 
44-pin PLCC,QFP {C61) 
68-pin PLCC {C62) 

Cable Television 
Remote Control 
Security 
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Block 

'c:J 
t'IU CTC - - -· -

B 
sec 

G Diagram I-- WOT t-- SCC/2 85230 16550 ~II u= D11MA_fMA SID 161/0 (85C30/2) ESCC MIMIC 
CTC (2 CH) 

II OMA ! OMA 
BILI Z80 CPU Z180 5180 

_J_ 

Part# T Z8030/Z8DC30 Z85230/Z80230 Z16C35 Z84C15 Z80181 Z80182 Z16C30 Z16C33 I Z16C32 
..1 Z8530/Z85C30 Z85233* 

..1 
Description T Serial Com. Enhanced Serial Integrated Serial Intelligent Peripheral Smart Access Zilog Intelligent Universal Serial Mono-channel Tlntegrated Universal 

Controller Com. Controller Com. Controller Controller Controller Peripheral Controller Universal Serial Serial Controller 
Controller 

Process/ NMOS: 4, 6, 8 MHZ CMOS: 10, 16 CMOS: 10, 16 MHz CMOS 6, 10,16 MHz 10, 12.5 CMOS CMOS: 20 MHz CMOS: 10MHz CMOS:20 MHz 

Speed/ CMOS: 8,10 20MHz 2.5, 4.0 Mb/s 16, 20 MHz CPU Bus CPU Bus CPU Bus 

Clock 16MHz 2.5, 4.0, 5.0 Mb/s 10 Mb/s 10 Mb/s 16 Mb/s 

Data Rate 
2, 2.5, 4 Mb/s 20 Mb/s 20 Mb/s 

Features I Two independent Full dual-channel Full dual-channel ZSO® CPU, SIO, CTC Complete Z1 so~ Complete Static Two dual-channel Single-channel Single-channel 
full-duplex sec plus deeper sec plus 4 DMA WDT, CGC plus SCC/2 version of Z180 32-byte receive & (half of USCj plus (haH of USC) 
channels FIFOs: controllers and The ZSO Family in CTC plus ESCC transmit FIFOs Time Slot plus two DMA 

Enhanced DMA 4 bytes on Tx a bus interface one device 16 VO lines (2 channels of 16-bit bus B/W: Assigner functions controllers 
support: 8 bytes on Rx unit Power-On Reset Emulation Mode' 85230) 18.2 Mb/s forlSDN Array chained and 
1Oxl9 status FIFO OPLL counter per Two chip selects 16550 MIMIC 2 BRGs per channel linked-list modes 
14-bit byte counter channel 32-bit CRC 24 Parallel 1/0 Flexible 8/16-bit with ring buffer 
NRZ/NRZl/FM Software compatible WSG Emulation Mode 1 bus interface support 

toSCC EV mode' 
*One channel of 3 and 5 Volt Version 

Z85230 

Package 40-pin DIP 40-pin DIP 168-pin PLCC 1100-pin QFP 1100-pin QFP 1100-pin QFP I 68-pin PLCC I 68-pin PLCC I 68-pin PLCC 
44-pin CERDIP 44-pin PLCC 100-pin VQFP 100-pin VQFP 
44-pin PLCC * 44-pin QFP (85233) 

Application General-Purpose General-Purpose High performance Intelligent peripheral Intelligent peripheral General-Purpose General-Purpose General-Purpose General-Purpose 
datacom. datacom. datacom. controllers controllers Embedded Control high-end datacom. high-end datacom. high-end datacom. 

High performance sec upgrades Modems Printers, Faxes, Modem, Fax, Ethernet Ethernet Ethernet 
sec software Modems, Terminals Data Communica- HDLC HDLC HDLC 

lions X.25 X.25 X.25 
Frame Relay Frame Relay Frame Relay 

I I I I I I I I 
en 
Oi 

AppleTalk® A Registered Trademark of Apple Computer, Inc. 

II 



(/) 
a, 

Block 
Diagram 

Part# 

Description 

Speed MHz 
--
Features 

Package 

Application 

I 
84C01* 

CPU 
osc 

PWR. DOWN 

2KBYTES WSG 
SRAM 

'--
Z84C50 

Z80/84C01 with 
2KSRAM 

10 

I Z80®CPU 
2 Kbytes SRAM 
WSG 
Oscillator 
Pin compatible 

with Z84COO 
DIP & PLCC 

EV mode' 
*84C01 is available 
as a separate part 

40-pin DIP 
44-pin PLCC 
44-pin QFP 

Embedded 
Controllers 

CTC 

SIO 
PIO 

Z84C90 

Killer VO 
(3 ZSO peripherals) 

8, 10, 12.5 

SID, PIO, CTC 
plus 8 VO lines 

84-pin PLCC 

General-purpose 
peripheral that 
can be used with 
zao and other 
CPU's 

CGC 401/0 
CTC CGC PIO 

WDT WDT 
SIO WOT SIO 

CTC 

Z80 CPU ZSO CPU ZBO CPU 

Z84013/C13 Z84015/C15 I Z84011/C11 

Intelligent Peripheral Intelligent Peripheral I Parallel 1/0 
Controller Controller Controller 

I 6, 10 

Z80"' CPU, SID, CTC 
WOT, CGC, WSG, 
Power-On Reset 
2 chip selects 
EV mode' 

84-pin PLCC 

Intelligent datacom 
controllers 

I 6, 10, 16 

Z80"' CPU, SID, CTC 
WOT, CGC 

The Z80 Family in 
one device 
Power-On Reset 
Two chip selects 
32-bitCRC 
WSG 

EV mode' 

100-pin QFP 
100-pin VQFP 

Intelligent peripheral 
controllers 

Modems 

I 6, 10 

Z80"' CPU, CTC, 
WOT 

40 1/0 lines bit 
programmable 

Power-On Reset 
EV mode' 

100-pin QFP 

Intelligent parallel
VO controllers 

Industrial display 
terminals 

2 OMA 

ZBO 12 UART 
CPU 2 CIT 

C/Ser 

MMUI OSC 

Z80180/S180 

High-perfonnance 
Z80"CPUwith 
peripherals 

6, 8, 10, 16*, 20· 
*Z8S180 only 

Enhanced Z80 CPU 
MMU 1 Mbyte 
2DMAs 
2 UARTs 

with BRGs 
C/Serial VO Port 
Oscillator 
Z8S180 includes; 
Pwr dwn, Prgmble 
EMI, divide-by-one 
clock option 

64-pin DIP 
68-pin PLCC 
80-pin QFP 

Embedded Control 

16-BIT osc 
Z80 1--
CPU 4DMA 

Z80/Z-BUS UART INTERFACE 

MMU 3C/T 

CACHE WSG 

Z80280 

16-bit Z80"' code 
compatible CPU 
with peripherals 

110, 12 

16-bit code com-
patible Z80"' CPU 

Three stage pipeline 
MMU 16 Mbyte 
CACHE 256 byte 

Inst. & Data 
Peripherals 

4 DMAs, UART, 
316-bit C/T, 
WSG 

Z80/Z-BUS" interface 

68-pin PLCC 

Embedded Control 
Terminals 
Printers 

CTC 
SCC/2 

s voilB5C30/2l 

Z180 

I Z80181 

I Smart Access 
Controller 

110, 12.5 

Complete Z180 
plus SCC/2 
CTC 
161/0 lines 

Emulation Mode' 

100-pin QFP 

Intelligent peripheral 
controllers 

Printers, Faxes, 
Modems, Tenninals 

241/0 

85230116550 
ESCC MIMIC 
(2CH) 

S180 

Z80182 

Zilog Intelligent 
Peripheral 

16,20 

Complete Static 
Version 
of z1ao-p1us ESCC 
(2 channels of 
Z85230) 
16550 MIMIC 
24 Parallel VO 
Emulation Modes' 

100-pin QFP 
100-pin VQFP 

General-Purpose 
Embedded Control 
Modem, Fax, 
Data Communications 

' All<ll'S ~se of existing development systems. 
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Z8036 
Z8536 

Description Counter/Timer & parallel 1/0 Unit 
(CID) 

Process/ NMOS4,6 MHz 
Speed 

Features Three 16-bit 
Counter/Timers, 

Three 1/0 ports 
with bit catching, 
pattern matching 
interrupts and 
handshake 1/0 

Package 40-pin PDIP 
44-pin PLCC 

_l 

Application l General-Purpose 
Counter/Timers 
and 1/0 system 
designs 

11 

Z32HOO 

Hypers tone 
Enhanced Fast Instruction 
Set Computer (EFISC) 
Embedded (RISC) Processor 

CMOS 25 MHz 

32-bit MPU 
4 Gbytes address space 
19 global and 64 local 

registers of 32 bits each 
128 bytes instruction cache 
1.2µCMOS 
42 mm' die 

I 144-pin PGA 
132-pin QFP 

Embedded 
high-pertormance 
industrial controller 

Workstations 

Z5380 I Z85C80 
Z53C80 

Small Computer System lntertace I Serial Communication Controller 
(SCSI) aod Small Computer System 

lntertace 

CMOS CMOS 
Z5380: 1.5 MB/s SGC-10, 16 MHz 
Z53C80: 3.0 MB/s SGSI - 3.0 MB/s 

ANSI X3.131-1986 Full dual-channel SCC plus 
Direct SCSI bus intertace SCSI sharing databus and 
On-board 48 mA drivers read/write functions 
Normal or Block mode OMA transfers 
Bus intertace, target and initiator 

I Z5380: 40-pin DIP I 6-!l-pin PLCC 
44-pin PLCC 

Z53C80: 48-pin DIP 
44-pin PLCC 

Bus host adapters, Apple Talk® 
formatters, host ports networking 

SCSI disk drives 

2 Software and hardware compatible with discrete devices. 
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Z86E21 CMOS ZS® 

BK OTP Microcontroller 

Z86C61/62/96 CMOS ZS® 
Microcontroller 

Z86C63/64 32K ROM ZS® 
CMOS Microcontroller 

Z86C91 CMOS ZS® 
ROMless Microcontroller 

Z86C93 CMOS ZS® Multiply/ 
Divide Microcontroller 

Support Products 

Superintegration™ 
Products Guide 

Zilog•s Literature Guide a 
Ordering Information 
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Z8®/SUPER8™ MICROCONTROLLER FAMILY 

Databooks 

ZS Microcontrollers Databook (includes the following documents) 

ZB CMOS Microcontro/lers 
ZS6COO/C10/C20 MCU OTP Product Specification 
ZS6CD6 ZS CCP™ Preliminary Product Specification 
ZS6COS S-Bit MCU Product Specification 
ZS6EOS ZS OTP MCU Product Specification 
ZS6C09/19 ZS CCP Product Specification 
ZS6E19 ZS OTP MCU Advance Information Specification 
ZS6C11 ZS MCU Product Specification 
ZS6C12 ZS ICE Product Specification 
ZS6C21 ZS MCU Product Specification 
ZS6E21/ZS6E22 OTP Product Specification 
ZS6C30 ZS CCP Product Specification 
ZS6E30 ZS OTP CCP Product Specification 
ZS6C40 ZS CCP Product Specification 
ZS6E40 ZS OTP CCP Product Specification 
ZS6C27/97 ZS DTC™ Product Specification 
ZS6127 Low-Cost Digital Television Controller Adv. Info. Spec. 
ZS6C50 ZS CCP ICE Advance Information Specification 
ZS6C61 ZS MCU Advance Information Specification 
ZS6C62 ZS MCU Advance Information Specification 
ZS6CS9/C90 CMOS ZS CCP Product Specification 
ZS6C91 ZS ROMless MCU Product Specification 
ZS6C93 ZS ROMless MCU Preliminary Product Specification 
ZS6C94 ZS ROM less MCU Product Specification 
ZS6C96 ZS ROMless MCU Advance Information Specification 
ZSSCOO CMOS Supers MCU Advance Information Specification 

ZB NMOS Microcontrollers 
ZS600 ZS MCU Product Specification 
ZS601/03/11/13 ZS MCU Product Specification 
ZS602 S-Bit Keyboard Controller Preliminary Product Spec. 
ZS604 S-Bit MCU Product Specification 
ZS612 ZS ICE Product Specification 
ZS671 ZS MCU With BASIC/Debug Interpreter Product Spec. 
ZS6S1/S2 ZS MCU ROM less Product Specification 
ZS691 ZS MCU ROMless Product Specification 
ZSS00/01/20/22 Supers ROM less/ROM Product Specification 

LITERATURE GUIDE 

Part No Unit Cost 

DC-8275-04 5.00 

Peripheral Products 
ZS612S Closed-Captioned Controller Adv. Info. Specification 
Z765A Floppy Disk Controller Product Specification 
Z53SO SCSI Product Specification 
Z53CSO SCSI Advance Information Specification 

ZB Application Notes and Technical Articles 
Zilog Family On-Chip Oscillator Design 
ZS6E21 ZS Low Cost Thermal Printer 
ZS Applications tor 1/0 Port Expansions 
ZS6C09/19 Low Cost ZS MCU Emulator 
ZS602 Controls A 101/102 PC/Keyboard 
The ZS MCU Dual Analog Comparator 
The ZS MCU In Telephone Answering Systems 
ZS Subroutine Library 
A Comparison of MCU Units 
ZS6xx Interrupt Request Registers 
ZS Family Framing 
A Programmer's Guide to the ZS MCU 
Memory Space and Register Organization 

Supers Application Notes and Technical Articles 
Getting Started with the Zilog Supers 
Polled Async Serial Operations with the Supers 
Using the Supers Interrupt Driven Communications 
Using the Supers Serial Port with DMA 
Generating Sine Waves with Supers 
Generating DTMF Tones with Supers 
A Simple Serial Parallel Converter Using the Supers 

Additional Information 
ZS Support Products 
Zilog Quality and Reliability Report 
Literature List 
Package Information 
Ordering Information 

L-1 
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LITERATURE GUIDE 
Z8®/SUPERS™ MICROCONTROLLER FAMILY (Continued) 

Data books 

Digital Signal Processor Databook (includes the following documents) 
Z86C95 ZB® Digital Signal Processor Preliminary Product Specification 
ZB9COO 16-Bit Digital Signal Processor Preliminary Product Specification 
ZB9COO DSP Application Note "Understanding Q15 Two's Complement Fractional Multiplication" 
ZB9120, ZB9920(ROMless)16-Bit Mixed Signal Processor Preliminary Product Specification 
ZB9121, ZB9921 (ROMless) 16-Bit Mixed Signal Processor Preliminary Product Specification 
ZB932016-Bit Digital Signal Processor Preliminary Product Specification 
ZB932116-Bit Digital Signal Processor Advance Information Specification 

Telephone Answering Device Databook (includes the following documents) 
ZB9C65, ZB9C66 (ROM less) Dual Processor T.A.M. Controller Preliminary Product Specification 
ZB9C67, ZB9C6B (ROMless) Dual Processor Tapeless T.A.M. Controller Preliminary Product Specification 

Infrared Remote (IR) Control Databook (includes the following documents) 
ZB6L06 Low Voltage CMOS Consumer Controller Processor Preliminary Product Specification 
ZB6L29 6K Infrared (IR) Remote (ZIRCj Controller Advance Information Specification 
ZB6L70/L71/L72, ZB6E72 Zilog IR (ZIRCj CCP"' Controller Family Preliminary Product Specification 

ZS Mlcrocontrollers (includes the following documents) 
ZB6C07 CMOS ZB B-Bit Microcontroller Product Specification 
ZB6COB CMOS ZB B-Bit Microcontroller Product Specification 
ZB6EOB CMOS ZB B-Bit OTP Microcontroller Product Specification 
ZB6C11 CMOS ZB Microcontroller Product Specification 
ZB6C12 CMOS ZB In-Circuit Microcontroller Emulator Product Specification 
ZB6C21 BK ROM ZB CMOS Microcontroller Product Specification 
ZB6E21 CMOS ZB BK OTP Microcontroller Product Specification 
ZB6C61/62/96 CMOS ZB Microcontroller Product Specification 
ZB6C63/64 32K ROM ZB CMOS Microcontroller Product Specification 
ZB6C91 CMOS ZB ROM less Microcontroller Product Specification 
ZB6C93 CMOS ZB Multiply/Divide Microcontroller Product Specification 

Mass Storage (includes the following documents) 
ZB6C21 BK ROM ZB CMOS Microcontroller Product Specification 
ZB6E21 CMOS ZB BK OTP Microcontroller Product Specification 
ZB6C91 CMOS ZB ROMless Microcontroller Product Specification 
ZB6C93 CMOS ZB Multiply/Divide Microcontroller Product Specification 
ZB6C95 ZB Digital Signal Processor Product Specification 
ZB9COO 16-Bil Digital Signal Processor Product Specification 
ZB9COO DSP Application Note - "Understanding Q15 Two's Complement Fractional Multiplication" 

L-2 

Part No Unit Cost 

DC-B299-02 3.00 

DC-B300-01 3.00 

DC-B301-01 3.00 

DC-B305-01 3.00 

DC-B303-00 3.00 
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ZS Product Specifications, Technical Manuals and Users Guides 

Z86E23 CMOS ZB OTP Microcontroller Preliminary Product Specification 
Z86C27 /97 ZB DTC™ Product Specification and Addendum 
Z86127 Low-Cost Digital Television Controller Preliminary Product Specification 
Z86227 40-Pin Low-Cost Digital Television Controller Preliminary Product Specification and Addendum 
Z86C61/62/96 CMOS ZB Microcontroller Preliminary Product Specification 
Z86C93 CMOS ZB ROM less Microcontroller Product Specification 
ZBBCOO CMOS Supers ROMless Microcontroller Preliminary Product Specification 
Z8614 NMOS ZB 8-Bit MCU Keyboard Controller Preliminary Product Specification 
Z86128 Closed-Captioned Controller Preliminary Product Specification and Addendum 
ZB OTP CMOS One-Time-Programmable Microcontrollers Addendum 
asm SB SuperB/ZB Cross Assembler User's Guide 
ZB Microcontrollers Technical Manual 
Z86018 Preliminary User's Manual 
Digital TV Controller User's Manual 
Z89COO 16-Bit Digital Signal Processor User's Manual 
PLC Z89COO Cross Development Tools Brochure 
Z86C95 16-Bit Digital Signal Processor User Manual 

ZS Application Notes 

Z8602 Controls A 101/102 PC/Keyboard 
The ZB MCU Dual Analog Comparator 
ZB Applications for 1/0 Port Expansions 
Z86E21 ZB Low Cost Thermal Printer 
Zilog Family On-Chip Oscillator Design 
Using the Zilog Z86C06 SPI Bus 
Interfacing LCDs to the ZB 
X-10 Compatible Infrared (IR) Remote Control 
Z86C17 In-Mouse Applications 
Z86C40/E40 MCU Applications Evaluation Board 
Z86COB/C17 Controls A Scrolling LED Message Display 
Z86C95 Hard Disk Controller Flash EPROM Interface 
Timekeeping with ZB; DTMF Tone Generation; Serial Communication Using the CCP Software UART 

Part No Unit Cost 

DC-2598-00 N/C 
DC-2561-01 N/C 
DC-2574-00 N/C 
DC-3002-00 N/C 
DC-2587-00 N/C 
DC-2508-03 N/C 
DC-2551-00 N/C 
DC-2576-00 N/C 
DC-2570-01 N/C 
DC-2614-AA N/C 
DC-8267-05 3.00 
DC-8291-02 5.00 
DC-8296-00 N/C 
DC-8284-01 3.00 
DC-8294-01 3.00 
DC-5538-01 N/C 
DC-8595-00 3.00 

Part No Unit Cost 

DC-2601-01 N/C 
DC-2516-01 N/C 
DC-2539-01 N/C 
DC-2541-01 N/C 
DC-2496-01 N/C 
DC-2584-01 N/C 
DC-2592-01 N/C 
DC-2591-01 N/C 
DC-3001-01 N/C 
DC-2604-01 N/C 
DC-2605-01 N/C 
DC-2639-01 N/C 
DC-2645-01 N/C 
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Z80®/Z8000® CLASSIC FAMILY OF PRODUCTS 

Z80®/Z180"'/Z280®/Z8000® and Datacom Family 

Volume I Databook 
Microprocessors and Peripherals 
Discrete ZBtr Family 

l-4 

Z8400/COO NMOS/CMOS ZBO® CPU Product Specification 
Z8410/C10 NMOS/CMOS ZBO DMA Product Specification 
Z8420/C20 NMOS/CMOS ZSO PIO Product Specification 
Z8430/C30 NMOS/CMOS ZBO CTC Product Specification 
Z8440/Z84C40 NMOS/CMOS ZBO SIO Product Specification 

Embedded Controllers 
Z84C01 ZBO CPU with CGC Product Specification 
Z84C50 RAMBO™ Preliminary Product Specification 
Z8470 ZBO DART Product Specification 
Z84C90 CMOS ZBO KIO™ Product Specification 
Z84011/C11 PIO Parallel 1/0 Product Specification 
Z84013/015 Z84C13/C15 I PC/El PC'" Product Specification 
Z80180/ZBS180 Z180 MPU Product Specification 
Z80181 ZIO™ Controller Product Specification 
Z280'" MPU Preliminary Product Specification 

Ssriat Communications ·controllers 
Z8030/Z8530 Z-BUS® SCC Product Specification 
ZBOC30/Z85C30 SCC Product Specification 
Z85230 ESCC"' Product Specification 
Z80230 Z-BUS ESCC Product Specification 
Z16C35 ISCC"' Product Specification 
Z5380 SCSI Product Specification 
Z53CBO SCSI Product Specification 
Z85C80 SCSl/SCC Product Specification 
Z16C30 USC"' Product Specification 
Z16C32 IUSC"' Product Specification 
Z16C33 MUSC"' Product Specification 
Z16C50 DDPLL ™Product Specification 

LITERATURE GUIDE 

Part No 

DC·2610·01 

Technical Articles 
ZBO Questions and Answers 
Z180 Questions and Answers 
SCC Questions and Answers 
ESCC Questions and Answers 
ISCC Questions and Answers 

Additional Information 
Superintegration Products Guide 
Support Product Summary 
Product Support 
Military Qualified Products 
Quality and Reliability 
Literature Guide 
Package Information 
Ordering Information 

Unit Cost 

5.00 
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Z80®/Z1 BO™ /Z280®/ZBOOO® and Datacom Family 

Volume II Databook 
Microprocessors and Peripherals 

Application Notes 

ZBO® Family Interrupt Structure 
Using the ZBO® SIO with SDLC 
Using the ZBO® SIO In Asynchronous Communications 
Binary Synchronous Communication Using the ZBO® SIO 
Serial Communication with the ZBOA DART 
Interfacing B500 Peripherals to the ZBO® 
Serial Clock Generation Using the ZB536 CIO 
Timing in an Interrupt-Based System with the ZBO® CTC 
A ZBO-Based System Using the OMA with the SIO 
Interfacing the ZB500 Peripherals to the 6BOOO 
Z1 BO™ Break Detection 
The Z1 BO™ Interfaced with the SCC at 10 MHz 
Technical Considerations When Implementing 

LocalTalk Link Access Protocol 
Using the ZB4C11/C13/C15 in Place of the ZB4011/013/015 
Using SCC with ZBOOO in SDLC Protocol 
SCC in Binary Synchronous Communications 
On-Chip Oscillator Design 
Interfacing ZBO® CPUs to the ZB500 Peripheral Family 

LITERATURE GUIDE 

Part No Unit Cost 

DC-2622·01 5.00 

Boost Your System Performance Using The Zilog ESCC™ 
Design a Serial Board to Handle Multiple Protocols 
Using the Z16C30 USC Universal Serial Controller 
Datacommunications IUSC/MUSC Time Slot Assigner 
Integrating Serial Data and SCSI Peripheral Control on One Chip 
A Fast ZBO® Embedded Controller 
Using the Zilog Datacom Family with the B01B6 CPU 

Questions and Answers 
ZBO® Questions and Answers 
Z1 BO™ Questions and Answers 
SCC Questions and Answers 
ESCC Questions and Answers 
ISCC Questions and Answers 

Addltlonal Information 
Classic Family 
Datacom Products 
Literature Guide 

Z80/Z180/Z280 Product Specifications, Technical Manuals and Users Guides Part No Unit Cost 

ZBO Family Technical Manual 
ZB01BO Z1BO MPU Microprocessor Unit Technical Manual 
Z2BO MPU Microprocessor Unit Technical Manual 
ZB01 BO/ZBS1 BO Z1 BO Microprocessor Product Specification 
ZB01 B2 Zilog Intelligent Peripheral (ZIP™) 
Z3BO™ Preliminary Product Specification 
Z3BO™User's Manual 

Z80/Z180/Z280 Application Notes 

Z1BO/SCC™Serial Communications Controller Interface at 10 MHz 
ZBO Using the B4C11/C13/C15 in place of the B4011 /013/015 
A Fast ZBO Embedded Controller 

\ 

DC-B306-00 3.00 
DC-B276-04 3.00 
DC-B224-03 3.00 
DC-2609-03 N/C 
DC-2616-03 N/C 
DC-6003-03 N/C 
DC-B297-00 3.00 

Part No Unit Cost 

DC-2521-02 N/C 
DC-2499-02 N/C 
DC-257B-01 N/C 
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LITERATURE GUIDE 
ZBOOO® MICROPROCESSOR FAMIL V 

Z8000 Product Specifications, Technical Manuals and Users Guides 

28000 CPU Central Processing Unit Technical Manual 
SCC Serial Communication Controller User's Manual 
Z8036 Z-CIO/Z8536 CIO Counter/Timer and Parallel Input/Output Technical Manual 
Z8038 Z8000 z-FIO FIFO Input/Output Interface Technical Manual 
Z8000 CPU Central Processing Unit Programmer's Pocket Guide 
Z85233 EMSCC Enhanced Mono Serial Communication Controller Preliminary Product Specification 
Z85C80 SCSCI™ Serial Communication and Small Computer Interface Preliminary Product Specification 
Z16C30 USC Universal Serial Controller Preliminary Technical Manual 
Z16C33 CMOS USC/MUSC™ Universal Serial Controller Technical Manual 
Z16C32 IUSC™lntegrated Universal Serial Controller Product Specification 
Z16C32 IUSC Integrated Universal Serial Controller Product Specification Addendum 
Z16C32 IUSC Integrated Universal Serial Controller Technical Manual 
Z16C35 ISCC Integrated Serial Communication Controller Technical Manual 
Z16C35 ISCC Integrated Serial Communication Controller Addendum 
Z53C80 Small Computer System Interface (SCSI) Product Specification 
Z80230 Z-BUS® ESCC Enhanced Serial Communication Controller Preliminary Product Specification 

ZSOOO Application Notes 

Z16C30 Using the USC in Military Applications 
Datacom IUSC/MUSC Time Slot Assigner 
Datacom Evaluation Board Using.The Zilog Family With The 80186 CPU 
Boost Your System Performance Using the Zilog ESCC Controller 
Z16C30 USC - Design a Serial Board for Multiple Protocols 
Using a SCSI Port for Generalized 1/0 
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Part No Unit Cost 

DC-2010-06 3.00 
DC-8293-02 3.00 
DC-2091-02 3.00 
DC-2051-01 3.00 
DC-0122-03 3.00 
DC-2590-00 N/C 
DC-2534-02 N/C 
DC-8280-02 3.00 
DC-8285-02 3.00 
DC-2600-00 N/C 
DC-2600-00A N/C 
DC-8292-03 3.00 
DC-8286-01 3.00 
DC-8286-01 A N/C 
DC-2575-01 N/C 
DC-2603-01 N/C 

Part No Unit Cost 

DC-2536-01 N/C 
DC-2497-02 N/C 
DC-2560-03 N/C 
DC-2555-02 N/C 
DC-2554-01 N/C 
DC-2608-01 N/C 
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MILITARY COMPONENTS FAMILY 

Military Specifications 

Z8681 ROMless Microcomputer Military Product Specification 
Z8001/8002 Military Z8000 CPU Central Processing Unit Military Product Specification 
Z8581 Military CGC Clock Generator and Controller Military Product Specification 
Z8030 Military Z8000 Z-SCC Serial Communications Controller Military Product Specification 
Z8530 Military SCC Serial Communications Controller Military Prod11r.t Specification 
Z8036 Military ZBOOO Z-CIO Counter{Timer Controller and Parallel 1/0 Military Electrical Specification 
Z8038/8538 Military FIO FIFO Input/Output Interface Unit Military Product Specification 
Z8536 Military CIO Counter{Timer Controller and Parallel 1/0 Military Electrical Specification 
Z8400 Military Z80 CPU Central Processing Unit Military Electrical Specification 
Z8420 Military PIO Parallel Input/Output Controller Military Product Specification 
ZB430 Military CTC Counter{Timer Circuit Military Electrical Specification 
Z8440/1/2/4 Z80 SIO Serial Input/Output Controller Military Product Specification 
Z80C30/85C30 Military CMOS SCC Serial Communications Controller Military Product Specification 
Z84COO CMOS Z80 CPU Central Processing Unit Military Product Specification 
Z84C20 CMOS Z80 PIO Parallel Input/Output Military Product Specification 
Z84C30 CMOS Z80 CTC Counter{Timer Circuit Military Product Specification 
Z84C40/1/2/4 CMOS Z80 SIO Serial Input/Output Military Product Specification 
Z16C30 CMOS USC Universal Serial Controller Military Preliminary Product Specification 
Z80180 Z180 MPU Microprocessor Unit Military Product Specification 
Z84C90 CMOS KIO Serial/Parallel/Counter Timer Preliminary Military Product Specification 
Z85230 ESCC Enhanced Serial Communication Controller Military Product Specification 

GENERAL LITERATURE 

Catalogs, Handbooks, Product Flyers and Users Guides 

Superintegration Shortlorm Catalog 1992 
Superintegration Products Guide 
ZIA™3.3-5.5V Matched Chip Set for AT Hard Disk Drives Datasheet 
ZIA ZIAOOZCO Disk Drive Development Kit Datasheet 
Zilog Hard Disk Controllers - Z86C93/C95 Datasheet 
Zilog Infrared (IR) Controllers - ZIRC™ Datasheet 
Zilog Intelligent Peripheral Controller - ZIP™Z80182 Datasheet 
Zilog Digital Signal Processing - Z89320 Datasheet 
Zilog Datacommunications Brochure 
Zilog Digital Signal Processing Brochure 
Zilog PC MC IA Adaptor Chip Z86017 Datasheet 
Zilog Television/Video Controllers Datasheet 
Zilog TAD Controllers - Z89C65/C67/C69 Datasheet 
Zilog ASSPs - Partnering With You Product Flyer 
Quality and Reliability Report 
The Handling and Storage of Surface Mount Devices User's Guide 
Universal Object File Utilities User's Guide 
Zilog 1991 Annual Report 
Zilog 1992 Annual Report 
Zilog 1993 First Quarter Financial Report 
Microcontroller Quick Reference Folder 

Part No 

DC-2392-02 
DC-2342-03 
DC-2346-01 
DC-2388-02 
DC-2397-02 
DC-2389-01 
DC-2463-02 
DC-2396-01 
DC-2351-02 
DC-2384-02 
DC-2385-01 
DC-2386-02 
DC-2478-02 
DC-2441-02 
DC-2384-02 
DC-2481-01 
DC-2482-01 
DC-2531-01 
DC-2538-01 
DC-2502-00 
DC-2595-00 

Part No 

DC-5472-11 
DC-5499-07 
DC-5556-01 
DC-5593-01 
DC-5560-01 
DC-5558-01 
DC-5525-01 
DC-5547-01 
DC-5519-00 
DC-5536-02 
DC-5585-01 
DC-5567-01 
DC-5561-01 
DC-5553-01 
DC-2475-11 
DC-5500-02 
DC-8236-04 
DC-1991-AR 
DC-1992-AR 
DC-1993-Q1 
DC-5508-01 

Unit Cost 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 

Unit Cost 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
3.00 
N/C 
N/C 
N/C 
N/C 
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ORDERING 
INFORMATION 

Complete the attached literature order form. Be 
sure to enclose the proper payment or supply a 
purchase order. Please reference specific order 
requirements. 

NAME 

COMPANY 

ADDRESS 

CITY 

PART NUMBER 

- + 
- .., 
-
-
- .., 
-
-
-
-
-
-
-
-
-

Mail To: 

~2jUJ6 

LITERATURE ORDER FORM 
MINIMUM ORDER 
REQUIREMENTS 

Orders under$300.00 must be prepaid by check, 
money order or credit card. Canadian and for
eign orders must be accompanied by a cashier's 
check in U.S. dollars, drawn on a correspondent 
U.S. bank only. 
Orders over $300.00 may be submitted with a 
Purchase Order. 

PLEASE PRINT OR TYPE 

lsTATE Jz1P 

DOCUMENT TITLE 

Credit Card or Purchase Order # 

SHIPMENT 

Orders will be shipped after your check is cashed 
or credit is checked via the most economical 
method. Please allow four weeks for delivery. 

RETURNS ARE NOT ACCEPTED. 

PHONE ( ) 

Method of Payment (Check One) 

D Check D Money Order 

Credit Card D VISA 0 M/C 0 P.O. (over $300.00) 

COUNTRY 

UNIT COST QTY. TOTAL 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

$ $ 

SUBTOTAL 

Expiration Date ADD APPLICABLE SALES TAX (CA ONLY) 

210 E. HACIENDA AVE. M/S C1-0 Signature ADD 10% SHIPPING AND HANDLING 
CAMPBELL, CA 95008·6600 

Phone: (408)370·8016 
Fax: ( 408)370-8056 

TOTAL 
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ZILOG DOMESTIC SALES OFFICES 
AND TECHNICAL CENTERS 

CALIFORNIA 
Agoura ...................................................... 818-707-2160 
Campbell .................................................... 408-370-8120 
Irvine .......................................................... 714-453-9701 
San Diego .................................................. 619-658-0391 

COLORADO 
Boulder ...................................................... 303-494-2905 

FLORIDA 

INTERNATIONAL SALES OFFICES 

CANADA 
Tor onto ...................................................... 416-673-0634 

CHINA 
Shenzhen ............................................... 86-755-2236089 

GERMANY 
Munich ....................................................... 49-8967-2045 
Sommerda ............................................... 49-3634-23906 

Clearwater .................................................. 813-725-8400 JAPAN 

GEORGIA 
Norcross .................................................... 404-448-9370 

ILLINOIS 
Schaumburg .............................................. 708-517-8080 

MINNESOTA 
Minneapolis ................................................ 612-944-0737 

NEW HAMPSHIRE 
Nashua ....................................................... 603-888-8590 

OHIO 
Independence ........................................... 216-44 7-1480 

OREGON 
Portland ...................................................... 503-27 4-6250 

PENNSYLVANIA 
Horsham .................................................... 215-784-0805 

TEXAS 
Austin ......................................................... 512-343-8976 
Dallas ......................................................... 214-987-9987 

© 1993 by Zilog, Inc. All rights reserved. No part of this document 
may be copied or reproduced in any form or by any means 
without the prior written consent of Zilog, Inc. The information in 
this document is subject to change without notice. Devices sold 
by Zilog, Inc. are covered by warranty and patent indemnification 
provisions appearing in Zilog, Inc. Terms and Conditions of Sale 
only. Zilog, Inc. makes no warranty, express, statutory, implied or 
by description, regarding the information set forth herein or 
regarding the freedom of the described devices from intellectual 
property infringement. Zilog, Inc. makes no warranty of mer
chantability or fitness for any purpose. Zilog, Inc. shall not be 
responsible for any errors that may appear in this document. 
Zilog, Inc. makes no commitment to update or keep currentlhe 
information contained in this document. 

DC 8305-01 

Tokyo ...................................................... 81-3-3587-0528 

HONG KONG 
Kowloon ...................................................... 852-7238979 

KOREA 
Seoul ........................................................ 82-2-577-3272 

SINGAPORE 
Singapore ...................................................... 65-2357155 

TAIWAN 
Taipei ...................................................... 886-2-741-3125 

UNITED KINGDOM 
Maidenhead .............................................. 44-628-392-00 

Zilog's products are not authorized for use as critical compo
nents in life support devices or systems unless a specific written 
agreement pertaining to such intended use is executed between 
the customer and Zilog prior to use. Life support devices or 
systems are those which are intended for surgical implantation 
into the body, or which sustains life whose failure to perform, 
when properly used in accordance with instructions for use 
provided in the labeling, can be reasonably expected to result in 
significant injury to the user. 

Zilog, Inc. 210 East Hacienda Ave. 
Campbell, CA 95008-6600 
Telephone (408) 370-8000 
Telex 910-338-7621 
FAX 408 370-8056 
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Zilog, Inc. 
210 East Hacienda Ave. 
Campbell , CA 95008-6600 
408-370-8000 
FAX 408-370-8056 


