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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 /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 Z8°® 8-Bit Microcontroller

The Z86C08 is a member of the Z8® single-chip microcontroller family with 2 KBytes of ROM and 124
bytes of general-purpose RAM. As in the Z86CO07, this device is housed in 18-pin DIP and 18-pin SOIC
packages and is manufactured in CMOS technology. The Z86C08 offers all the outstanding features
of the Z8 family architecture, and easy software/hardware system expansion along with low cost, low
power consumption.

Z86E08 CMOS Z8° 8-Bit Microcontroller

Zilog's Z86E08 is the OTP version of the Z86C08 with 2 Kbytes of OTP. The device is housed in an
18-pin DIP, and is manufactured in CMOS technology. The device allows for easy software develop-
mentand debug, prototyping, and small production runs not economically desirable witha masked ROM
version.

Z86C11 CMOS Z8° 8-Bit Microcontroller

The 286C11 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 ROMlIess pin option is available on the 44-pin versions only.
Having the ROM/ROMIess selectively, this device offers both external memory and preprogrammed
ROM. This enables the Z8 microcontroller to be used in high volume applications, or where code
flexibility is required.

Z86C12 CMOS Z8° In-Circuit Emulator Microcontroller

The Z86C12 architecture is characterized by Zilog's 8-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 /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.




Z86C21 8K ROM CMOS Z8°® Microcontroller

Zilog's Z86C21 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 Z86C21 architecture is characterized by Zilog's
8-bit microcontroller core. The device offers a flexible I/O scheme, an efficient register and address
space structure, multiplexed capabilities between address/data, I/O, and a number of ancillary features
that are useful in many consumer applications.

Z86E21 CMOS Z8® Microcontroller With 8K OTP

The Z86E21 is a pin compatible, OTP version of the Z86C21. The Z86E21 contains 8 Kbytes of EPROM
memory in place of the 8 Kbytes of ROM on the Z86C21. This MCU is housed in a 40-pin DIP, 44-pin
PLCC, or a 44-pin QFP, and is manufactured in CMOS technology. The ROMIess pin option is available
on the 44-pin versions only. The Z86E21 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.

286C61/62/96 CMOS Z8® Microcontroller

The Z86C61/62/96 is a member of the Z8 single-chip microcontroller family. Itis pin compatible with the
Z86C21 but has twice the on-board memory with 16 Kbytes of ROM. It offers all the outstanding features
of the Z8 family architecture. The device provides up to 16 output address lines permitting an address
space of up to 48 Kbytes of external program and data memory each. The 256-byte register file consists
of 236 general-purpose registers, four I/O port registers, and 16 status and control registers.

Z86C63/64 32K ROM CMOS Z8° Microcontroller

The Z86C63/64 is a 32K ROM version of the Z8 single-chip microcontroller family. It is pin compatible
with the Z86C61/62 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.

Z86C91 CMOS Z8° ROMIess Microcontroller

The Z86C91 is a member of the ROMIess Z8 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 Z86C91 is a ROMless device
that offers the use of external memory which enables this Z8 MCU to be used where code flexibility is
required.

Z86C93 CMOS Z8° Multiply/Divide Microcontroller

The Z86C93is a CMOS ROMless Z8 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 48-pin VQFP
package and is manufactured in CMOS technology. Besides the four additional signals (SCLK, IACK,
/SYNC, and /WAIT), the Z86C93 is compatible with the Z86C91, yet is offers a much more powerful
mathematical capability,
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PRELIMINARY PRODUCT SPECIFICATION

286C07

CMOS 78® 8-BIT
MICROCONTROLLER

FEATURES

m 8-Bit CMOS Microcontroller

W 18-Pin DIP Package

m Low Cost

B 3.0to 5.5 Volt Operation Range

m Low Power Consumption; 50 mW (typical)
W Low Voltage Protection

W Fast Instruction Pointer; 1 us at 12 MHz

®m Two Standby Modes - STOP and HALT

B 14 Input/Output Lines

B Three Digital Inputs at CMOS Levels

B Eleven Digital Inputs at CMOS Levels;
Schmitt-Triggered

B Extended Temperature Operation —40°C to +105°C
B 2 Kbytes of ROM
B 124 Bytes of RAM,

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

B Six Vectored, Priority Interrupts from Six Different
Sources

B Clock Speeds 8 and 12 MHz

B On-Board Power-On Reset Circuit

B Permanently Enabled Watchdog Timer

B TwoComparators with Programmable Interrupt Polarity.

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

GENERAL DESCRIPTION

The Z86C07 Microcontroller Unit (MCU) introduces a new
level of sophistication to single-chip architecture. The
Z86C07 is amember of the Z8 single-chip microcontroller
family with 2 Kbytes of ROM and 124 bytes of general-
purpose RAM. The device is housed in 18-pin DIP, and
18-pin SOIC, and is manufactured in CMOS technology.
The Zilog Z86C07 offers all the outstanding features of the
Z8 family architecture, and easy software/hardware sys-
tem expansion along with low cost, low power consump-
tion.

The Z86CO07 is characterized by a flexible I/O scheme, an
efficient register and address space structure, and a
number of ancillary features that are useful in many con-
sumer, and industrial applications.

For applications which demand powerful /O capabilities,
the Z86C07 provides 14 pins dedicated to input and
output. These lines are grouped into three ports, and are
configurable under software control to provide I/O, timing,
and status signals.

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

1-1
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PRELIMINARY

Z86C07
CMOS Z8°MCU

GENERAL DESCRIPTION (Continued)

To unburden the program from coping with real-time tasks
such as counting/timing and I/O data communications, the
Z86C07 offers two on-chip counter/timers with a large

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

number of user selectable modes. Also, there are two on-

board comparators that can process analog signals with a Power connections follow conventional descriptions below:

common reference voltage (Figure 6). Connection Circuit Device
VCC VDD
GND Vs
Input Vee GND XTAL
N Machine
Port 3 <— ] Timing & Inst.
ll Control
Counter/
Timers (2) <: ALY
Int t FLAG Prg.M
nterrup! rg. Memory
Control CZ 2048 x 8-Bit
Register ﬂ
Two Analog <: Pointer b
rogram
Comparators Register File Cof;’me,
144 x 8-Bit

i 1]

o2 poto K—
I

(Bit Programmable)

Figure 1. Functional Block Diagram
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PIN DESCRIPTION

N Table 1. 18-Pin DIP Pin Identification
P24 [] 1 18 [ ] P23
Pin# Symbol Function Direction
pas [ 2 17 [ P22
pee [| 3 16 1 P21 1-4  P24-P27 Port2,Pins4,5,6,7 In/Output
5 o Power Supply Input
pa7 [] 4 15 [1 P20 6  XTAL2 Crystal Oscillator Clock  Input
vee [ s 14 [ ] GND 7 XTAL1  Crystal Oscillator Clock  Output
xtaL2 [ 6 13 O oz 8 P31 Port 3, Pin 1, AN1 Input
10 P33 Port 3, Pin 3, REF Input
P31 [] 8 11 [1 poo 11-13  P0OO-PO2 Port0, Pins 0, 1, 2 In/Output
pa2 [ 9 10 P33 14 GND Ground Input
15-18 P20-P23 Port2,Pins0, 1,2, 3 In/Output

Figure 2. 18-Pin DIP Pin Configuration

P4 [ ] ! ~ 8| ] pe3
Ps [ 2 17 _J[_] pe2
P2s [T ] 3 e ] P2t
P [} ¢ 15| ][] P20
vee [ s “Soic’ # [ ano
xta2 [ J[| ® 13 ][] poz
xtaut [} 7 12 [ ] pot
par [ | 8 1 [_J[__] poo
P2 [ | ° of T 1] pss
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 Ve Power Supply Input 10 P33 Port 3, Pin 3, REF Input
6 XTAL2  Crystal Oscillator Clock  Input 11-13 P00-P0O2 Port0, 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 Port2,Pin0,1,2,3 In/Output

1-3
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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.

Port 0 (P02-P00). Port 0 is a 3-bit I/O, nibble program-
mable, bidirectional, CMOS compatible |/O port. These
three I/O lines can be configured under software control to
be an input or output (Figure 4).

MCU [

Port 0 (1/0)

OEN DO

PAD

Out

1.5 <« 2.3 Hysteresis Vcc @ 5.0V

In /ﬂ_]

N

Figure 4. Port 0 Configuration
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Port 2 (P27-P20). Port 2 is an 8-bit I/O, bit programmable, input or output, independently. Bits programmed as out-
bidirectional, CMOS compatible 1/O port. These eight |/O puts may be globally programmed as either push-pull or
lines can be configured under software control to be an  open-drain (Figure 5).

MCU }- Port 2 (1/0)

Open Drain T
Do =
PAD
Out
1.5 <« 2.3 Hysteresis Vcc @ 5.0V

177

In Jﬂ_]
N

Figure 5. Port 2 Configuration
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Z286C07
CMOS Zg*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

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

MCU

'\

>‘ Port 3

R247 = P3M

| (o1 |

DIG.

1 =Analog
0 = Digital

P31
Data Latch

I

PAD
D P31 (AN1)
+
AN.

I

IRQ, Tin

IRQ3

P32

Data Latch
IRQO

PAD

I } P32 (AN2) o
+

D P33 (REF)

PAD

-

—o

V‘l

P33
Data Latch

‘]V

Vcc/———o

IRQ1

IRQ 0,1,2 = Falling Edge Detection

IRQ3

= Rising Edge Detection

Figure 6. Port 3 Configuration

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

Typical applications for the on-board comparators are:
Zero crossing detection, A/D conversion, voltage scaling,
and threshold detection.

The dual comparator (common inverting terminal) features
a single power supply which discontinues power in STOP
Mode. The common voltage range is 0-4V; the power

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

Interrupts are generated on either edge of comparator 2's
output, or onthe falling edge of comparator 1's output. The
comparator output may be used for interrupt generation,
Port 3 data inputs, or T, through P31. Alternatively, the
comparators may be disabled, freeing the reference input
(P33) for use as IRQ1 and/or P33 input.
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286C07
CMOS Z8°MCU

FUNCTIONAL DESCRIPTION

The Z8MCU incorporates special functions to enhance the
Z8's versatility in consumer, industrial, and advanced
technologies applications.

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

INT OSC XTALOSC
POR T T
(Cold Start) ]
T D;a;ay Line 18 CLK Chip
usec ™1 Reset Filter [——*
Vce @ 5.5V l Reset
P27
(Stop Mode)

Figure 7. Internal Reset Configuration

Table 3. Z86C07 Control Registers

Reset Condition

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

F1 T™R 0 0 0 0 O 0 00O

F2 T u u u u uvu u uwu

F3 PRE1T U U U U U U 0 0

F4 T0 u u u u u u uwu

F5 PREO U U U U U U U O

Fe* pPM 1 1 1 1 1 1 1 1 Inputsafter
reset

Fr* paM U U U U U U 0 0

F* POIM U U U O U U 0 1

F9 PR U U U U U U UWU

FA RQ U U 0 0 0 0 0 0 IRQ3is
used for
positive
edge detec-
tion

PB MR 0 U U U U U U U

PC FLAGS U U U U U U U U

FD RP 000 0 0 0 00

FE SPH U U U U U U U U Notused,
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.
Asubsequentreset will cause these control registers to be reconfigured
as shown in Table 3 and the user must avoid bus contention on the port
pins or it may affect device reliability.

Program Memory. The Z86C07 can address up to
2 Kbytes of internal program memory (Figure 8). The first
12 bytes of program memory are reserved for the interrupt
vectors. These locations contain six 16-bit vectors that
correspond to the six available interrupts. Bytes 0-2048
are on-chip mask-programmed ROM.

2048
Location of On-Chip
First Byte of ROM
Instruction
Executed ~F - - - = - — — — -
After RESET 12 [
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt
Vector g IRQ3
(Lower Byte) ™|
5 ™ IRQ2
4 1> IRQ2
Interrupt —| Q
Vector 3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
Y IRQO

Figure 8. Program Memory Map
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Z86C07
CMOS Z8°MCU

FUNCTIONAL DESCRIPTION (Continued)

Register File. The Register File consists of three I/O port
registers, 124 general-purpose registers, and 15 control
and status registers (R3-R0, R127-R4 and R255-R241,
respectively - Figure 9). The Z86C07 instructions can
access registers directly or indirectly through an 8-bit
address field. This allows short 4-bit register addressing

using the Register Pointer. in the 4-bit mode, the register
file is divided into eight working register groups, each
occupying 16 continuous locations. The Register Pointer
(Figure 10) addresses the starting location of the active
working-register group.

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

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

Figure 9. Register File

FF

FO

7F

70
6F

60
5F

4F

40
3F

30
2F

20
1F

10
OF

00

1

Ir7r6r5r4|r3r2r1r0

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

Register Group 1

Register Group 0

1/0 Ports

} R15to RO

The lower nibble
of the register
file address

[~ provided by the

instruction points
to the specified
register.

R15 to RO

R15to R4

R3 to RO

Figure 10. Register Pointer




N2ILad5

PRELIMINARY

Z86C07
CMOS Z8°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
(1to256) thathas beenloaded intothe counter. When both
counter and prescaler reach the end of count, a timer
interrupt request IRQ4 (TO) or IRQ5 (T1) is generated.

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

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

Internal Data Bus

wiey 1)

Write * ! ! Read * ﬁ
osc .
PREO T0 TO
Initial Value Initial Value Current Value
\ i Register Register Register
2 | U ! ]
6-Bit 8-Bit
1 4 Down -1 Down
Counter Counter ——— |IRQ4
—— Internal
Clock
External Clock
Clock
Logic 6-Bit 8-Bit ———— |RQ5
»{ +4 Down 1 Down
\ Counter Counter —l
Internal Clock TT i i
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31
IN Write ! TT Write* TT Read* J L

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

Internal Data Bus

Figure 11. Counter/Timers Block Diagram
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286C07
MINARY CMOS Z8°MCU

FUNCTIONAL DESCRIPTION (Continued)

Interrupts. The Z86CO07 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

U

aanas
ijm—}

\O)

Gilobal

IPR

Interrupt
Enable

1|

Interrupt
Request i

PRIORITY
LOGIC

U

Vector Select

Figure 12. Interrupt Block Diagram
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Clock. The Z86C07 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal,
ceramic resonator, or any suitable external clock source
(XTAL1 =Input, XTAL2 = Output). The crystal should be AT
cut, 12 MHz max, with a series resistance (RS) less than or
equal to 100 Ohms.

The crystal should be connected across XTAL1 and XTAL2
using the vendor's crystal recommended capacitors (ca-
pacitance is between 10 pF to 250 pF which depends on
the crystal manufacturer, ceramic resonator and PCB
layout) from each pin directly to device ground pin 14
(Figure 13).

Note that the crystal capacitor loads should be connected
to Vg, 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 000C (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 pA. The STOP Mode can be released by two
methods. The first method is a RESET of the device by
removing V.. The second method is if P27 is configured
as 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 000C (HEX). However, when P27 isused torelease the
STOP Mode, the I/O port mode registers are not

LT

XTAL1

XTAL2

c2

4

Ceramic
Resonator
or Crystal

LC Clock

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

Touse 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 (WDT). The Watch-Dog Timer is per-
manently enabled. The WDT should be refreshed at least
every 10 msec; otherwise, the Z86CQ7 resets itself.

WDT = 5F (HEX).

Opcode WDT (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 T, .
plus 18 usec +18 XTAL clock cycles. The WDT instruction
affects the Flags accordingly: Z=1,S=0,V =0.

XTAL1 XTAL1

XTAL2 XTAL2

External Clock

Figure 13. Oscillator Configuration
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286C07
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FUNCTIONAL DESCRIPTION (Continued)

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

Maximum (V,,) Conditions:

Case1 T,=-40°C, +105°C, Internal Clock Frequency
equal or less than 1 MHz
Case2 T,=-40°C, +85°C, Internal Clock Frequency

equal or less than 2 MHz

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

2 MHz (Typical)
Note: The internal clock frequency is one-halfthe external  Temp ~ -40°C  0°C +25°C  +70°C  +105°C
clock frequency. Vv, 255 24 21 1.7 1.6
Vee
(Volts) 2.80
2.60
2.40
N
2.20
\\
2.00 \
V,,, (Typical)
v
1.80 \\
1.60 \\
1.40 N
-60 —40 -20 0 20 40 60 80 100 120 140

Temperature (°C)

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

Figure 14. Typical Z86C07 V,, vs Temperature
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N 2iLas
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Min Max Units
Ve Supply Voltage* 03 +7 \
Ters Storage Temp -65°  +150° C
N Oper Ambient Temp T 1 C
Notes:

*Voltages on all pins with respect to GND
1 See Ordering Information

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specifications is notimplied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

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

From Output o
Under Test

* 150 pF

Figure 15. Test Load Diagram

CAPACITANCE
T,=GND =0V, f = 1.0 MHz, unmeasured pins to GND

Parameter Max

Input capacitance 10 pF
Output capacitance 20 pF
1/O capacitance 25 pF

V., SPECIFICATION
Vg = 3.0V to 5.0V

1-13
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DC ELECTRICAL CHARACTERISTICS

T,=0°C10 +70°C T,=-40°C to +105°C  Typical

Sym  Parameter Ve Min Max Min Max @25°C  Units  Conditions
Max Input Voltage 3.0V 12 12 Vv Iy =250 pA
5.5V 12 12 v Iy =250 pA
Ve Clock Input High 3.0V 08V, V03 08Vy V03 1.7 v Driven by External
Voltage Clock Generator
5.5V 08Vy, Vi +0.3 08V, V03 2.75 v Driven by External
Clock Generator
Ve, Clock Input Low 3.0v V03 02V, V03 02V, 08 v Driven by External
Voltage Clock Generator
5.5V V03 02V, Ve 03 02V 15 v Driven by External
Clock Generator
Vi Input High Voltage 3.0V 0.7V, Ve+0.3 0.7V, V403 18 Vv
5.5V 07V,  V,#03 07Vy, V03 28 v
v, Input Low Voltage 3.0V Ve 03 02V V03 02V 08 v
5.5V V03 02V, V03 02V, 15 v
Ve, Output High Voltge 3.0V V0.4 V04 3.0 v lgy=—2.0mA[5]
5.5V V0.4 V0.4 48 v lyy=—2.0 mA[5]
3.0v V04 V04 v Low Noise @ 0.5 mA
5.5V V0.4 V04 v Low Noise @ 0.5 mA
Voo OutputLow Voltage 3.0V 08 08 0.2 v lo =+4.0 MA[S]
5.5V 04 04 0.1 v lo, =+40 mA[5]
3.0V 0.4 04 v Low Noise @ 0.5 mA
5.5V 0.4 04 v Low Noise @ 0.5 mA
Vy,  OutputLow Voltage 3.0V 1.0 10 08 v lo. =+12MA,
3 Pin Max [5]
5.5V 08 08 03 v lo, =+12mA,
3 Pin Max [5]
Vireer  COmparator Input -~ 3.0V 25 25 10 my
Offset Voltage 5.5V 25 25 10 mv
Viy V. Low Voltage 27 2.95 2.1 v @1 MHz Max,
Int. CLK Freq
e Input Leakage 3.0V -1.0 1.0 -1.0 1.0 A V=0V, Vg
(Input Bias 5.5V -10 1.0 -10 1.0 pA V=0V, V,
Current of
Comparator)
ot Output Leakage 3.0V -1.0 1.0 -1.0 1.0 pA V=0V, Vg,
5.5V -10 1.0 -1.0 1.0 pA Viy=0V, Ve,
Viwn  Input Common 0 V=10 0 Ve, —1.5 v
Mode Range
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T,=0°C1t0+70°C  T,=-40°Cto +105°C  Typical

Sym  Parameter Vee Min Max Min Max @25°C  Units  Conditions
lec Supply Current 3.0v 35 35 15 mA All Output and 1/0 Pins
Floating @ 2 MHz
5.5V 7.0 7.0 38 mA All Output and I/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 44 mA All Output and 1/0 Pins
Floating @ 8 MHz
3.0V 10 10 36 mA All Qutput and /0 Pins
Floating @ 12 MHz
5.5V 15 15 9.0 mA All Qutput and 1/0 Pins
Floating @ 12 MHz
leey Standby Current 3.0V 25 2.5 0.7 mA  HALT Mode V=0V,
V. @2 MHz
5.5V 4.0 5.0 2.5 mA HALT Mode V,,= 0V,
V.. @2 MHz
3.0V 40 40 1.0 mA HALT Mode V= QV,
V. @8 MHz
5.5V 5.0 5.0 30 mA HALT Mode V,,= OV,
V,, @8 MHz
3.0v 45 45 15 mA HALT Mode V,, = OV,
V., @12 MHz
5.5V 7.0 7.0 40 . mA HALT Mode V,, = QV,
Voo @ 12 MHz
lec Supply Current 3.0V 35 35 15 mA All Output and 1/0 Pins
(Low Noise Mode) Floating @ 1 MHz
5.5V 7.0 7.0 38 mA All Output and 1/Q Pins
Floating@ 1 MHz
3.0v 5.8 5.8 25 mA All Output and /0 Pins
Floating @ 2 MHz
5.5V 9.0 9.0 40 mA All Output and 1/0 Pins
Floating @ 2 MHz
3.0V 8.0 8.0 3.0 mA All Output and 1/ Pins
Floating @ 4 MHz
5.5V 11.0 11.0 44 mA All Output and /0 Pins
Floating @ 4 MHz
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DC ELECTRICAL CHARACTERISTICS (Continued)
T,=0°Ct0+70°C  T,=-40°Cto+105°C  Typical
Sym  Parameter Ve Min Max Min Max @25°C  Units  Conditions
by Standby Current 3.0v 12 12 04 mA HALT Mode V,, =0V,
(Low Noise Mode) Ve, @1 MHz
5.5V 1.6 1.6 0.9 mA HALT Mode V,, =0V,
Ve, @1 MHz
3.0v 15 15 0.5 mA HALT Mode V,, = OV,
Vo @2 MHz
5.5V 1.9 19 1 mA HALT Mode V,, =0V,
V. @2 MHz
3.0v 2.0 2.0 08 mA HALT Mode V,, =0V,
Ve, @4 MHz
5.5V 2.4 2.4 03 mA HALT Mode V,, =0V,
Ve, @4 MHz
leco Standby Current 3.0V 10 20 1.0 pA STOP Mode V,,= 0V,
Ve WDT is not Running
5.5V 10 20 1.0 PA STOP Mode V=0V,
V, WDT is not Running
Notes:
1] e, Typ Max Unit Freq
Clock Driven 0.3 5.0 mA 8 MHz
Crystal/Resonator 3.0 5.0 mA 8 MHz

[2] Vg =0V =GND

[3] For2.75V operating, the device operates downto V,,.. The minimum
operational V, is determined on the value of the voltage V,, at
the ambient temperature. The V,, increases as the temperature
decreases.

[4] Vg =3.0V105.5V

[5] Standard Mode (not Low EMI Mode)
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DC ELECTRICAL CHARACTERISTICS
Timing Diagrams

G

Clock

IRQ N -\

Figure 16. Electrical Timing Diagram
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AC ELECTRICAL CHARACTERISTICS
Timing Table (Standard Mode)

T, =—40°C t0 +105°C

8 MHz 12 MHz
No  Symbol Parameter Ve Min  Max Min  Max Units Notes
1 TpC Input Clock Period 3.ov 125 100,000 83 100,000 ns [1]
5.5V 125 100,000 83 100,000 ns [1]
2 TrC,TIC Clock Input Rise 3.0v 25 15 ns 1]
and Fall Times 5.5V 25 15 ns
3 wC Input Clock Width 3.0v 62 41 [1]
5.5V 62 4 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 TrTin, Timer Input Rise 3.0V 100 100 ns [1]
TtTin and Fall Timer 5.5V 100 100 ns [1]
8 TwiL Int. Request Input 3.0v 100 100 ns [1.2]
Low Time 5.5V 70 70 ns [1.2]
9 TwiH Int. Request Input 3.0v 5TpC 5TpC [1]
High Time 5.5V 5TpC 5TpC [12]
10 Twat Watch-Dog Timer 3.0v 25 25 ms [1]
Delay Time 5.5V 10 10 ms [1]
1 Tpor 3.0V 24 24 ms il
5.5V 12 12 ms 1]
Notes:

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

M Lessthan 1 mA consumed during HALT mode, -0°C
to +70°C.

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

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

W Outputdrivers have resistances of 200 ohms (typical).

W 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
-70
E
o 75
T
S
3
|
® 80
g -
o
-85
1 I | 1 1 I I I
30-60 140-160 300-400 700-1000
Frequency (MHz)
Idle
-------------- Static

———— Q\\tCH

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

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

No Symbol Parameter Ve 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]
55V 25TpC 2.5TpC 2.5TpC 2.5TpC (1]
6  TpTin Timer Input Period 30V 41pC 4TpC 4TpC 4TpC (1]
55V 4TpC 4TpC 4TpC 4TpC (1]
7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns [1]
TtTin and Fall Timer 5.5V 100 100 100 100 ns (1]
8 TwiL Int. Request Input 3.0V 100 100 100 100 ns [1,2]
Low Time 5.5V 70 70 70 70 ns [1.2]
9 TwH Int. Request Input 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1]
High Time 55V 25TpC 2.5TpC 2.5TpC 2.5TpC [12]
10 Twdt Watch-Dog Timer 3.0V 25 25 25 25 ms [1]
Delay Time 5.5V 12 12 10 10 ms 11

Notes:

[1] Timing Reference uses 0.8V for a logic 1 and 0.2V, for a logic 0.
[2] Interrupt request through Port 3 (P33-P31).
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR
|o7| os] o5 p4] o3 p2] 01| 0o
—

I— 0 No Function

1 Load Ty

0 Disable T Count
1 Enable TqCount

0 No Function
1 Load Ty

0 Disable T  Count
1 Enable T4 Count

Tin 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
(F1,: Read/Write)

R242T4
[D7IDGID5|D4|D3|02 D1 DOI

I Ty Initial Value

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

T4 Current Value
(When READ)

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

R243 PRE1

ID7|De|05|D4|Da|Dz|D1|Do|

|— Count Mode

0 T Single Pass
1 T1 Modulo

Clock Source

1 T4internal

0 T4 External Timing Input
(T\n) Mode

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

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

R244 T0
ID7 DSIDTS_' D4|DS[D2ID1 |DOI
| I Ty Initial Value

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

To Current Value
(When READ)

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

R245 PREO
|o7| o8 os| p4] o3| 2| p1] 00|

I—' Count Mode

0 TySingle Pass
1 ToModulo-n

Reserved (Must be 0.)

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

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

R246 P2M
D7 Dles|D4|oa|Dz|D1|Do|

I___ P2 7- P2 I/O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

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

R247 P3M
lD?IDGl ps | p4| 03] b2{ b1 oo |

I-— 0 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
(F7,: Write Only)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R248 POIM
{o7] o8| 05| p4] b3 02| D1] D0 |
—L PO, - P05 Mode

00 = Output
01 Output

Reserved (Must be 0.)

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

R249 IPR
|o7] o8] o5 p4] 03] p2| o1] Do |

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
10 B>A>C
111 Reserved

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

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

IRQ8, IRQ5 Priority (Group A)
0 IRQ5>IRQ3
1 IRQ3 > IRQ5

Reserved (Must be 0.)

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

R250 IRQ
| o7] os| ps| p4] os| p2f o1] Do

l-——— IRQO = P32 Input

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

Reserved (Must be 0.)

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

R251 IMR
|o7] o8| os| p4] 03] 2| o1} Do |
—: 1 Enables IRQ5-IRQ0
(Dg =IRQO)
Reserved (Must be 0.)
1 Enables Interrupts

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

R252 Flags

IlﬂTJlesIMIDs p2|o1|oo]

| I— User Flag F1
User Flag F2

Half Carry Flag

Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

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

R253 RP
|D7IDG|DSI D4| Dsloalm'ool

I_ Must be 0.

Register Pointer

Figure 30. Register Pointer
(FD,: Read/Write)

R255 SPL
ID7rDGIDSID4IDSID2]D1 IDOI

I——————— Stack Pointer Lower

Byte (SPo - SP7)

Figure 31. Stack Pointer
(FF,: Read/Write)
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DEVICE CHARACTERISTICS

lcc (MA) 140 : Legend:
5.5V HALT o o =
120 ACHIVE  eeem—
11.0 /
10.0
7
9.0 L
8.0 7
70 55V
6.0 - 3.0V
50 -
X ——
4.0 //
3.0 _
— 3.0V
2.0 — ==
1.0 —_————
0 P
2 4 6 8 10 12 14
Frequency (MHz)
Figure 32. Maximum |, vs Frequency
lcec (mA)
|
12.0
11.0
10.0
5.5V
9.0 //
8.0 /
7.0 "
6.0 i
5.0
5.5V
4.0 —
I P e —
-_—— 3.0V
3.0
2.0 —
10 =3
0 -——T » Frequency
2 4 6 8 10 12 14 (MHz)
HALT o = =
Active

Figure 33. Typical | vs Frequency
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DEVICE CHARACTERISTICS (Continued)

Vee (Volt)

)
6.0

55

5.0
4.5
4.0

35
3.0
25

5.5V

2.0
15

3.0v

1.0

5 3.0V
5.5V
60 -40 20 0 20 40 60 80 00 120 "('g"(;l))

Figure 34. V,,V,, vs Temperature

Vce (Volt)
|

6.0

55

I —— — — I 5.5V

5.0

45

4.0

3.5

——————
3.0 1 T 5.5V
] = 3.0V

25

2.0

15 3.0v

1.0 - Temp
60 40 20 0 0 0 0 80 00 120 ce

Vou Vs Temp o o

Vig Vs Temp seemmmm—

Figure 35. V, V,, vs Temperature
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lon

(mA)
1
2.0 3.0 4.0 5.0 6.0 V,
0 T = volh
2.0 ]
A
-3.0 —
i
-4.0
n
N/ i
6.0 / ’j_/ ,',’ "
7.0}125" 25° -40°C 1257 0 -40°C
-8.0
3.0V
Y 55V — — =
Figure 36. Typicall,, vsV,,
o (MA)
A\ e"b'“\‘
) Wo
30 I;A / ‘Oy 7.'\&0
& ke o
7 3 Q%
é’ ‘30 A /e,?’ ,5@1
] v o s !
w |/
1
Q‘GO/
10 / 4
7
0 0.5 1.0 15 2.0 25 Vg (Volts)

Figure 37. Typical |, vs V,
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Time
(msec)
40 l\
30 _|
20 +105°C
+25°C
10
-40°C
0 I 1
25 3.0 35 4.0 45 50 55 6.0
Voltage

Figure 38. Typical WDT Time Out Period
vs V. Over Temperature

286C07
CMOS Z8®MCU
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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

M Immediate

R Register or working-register address

r Working register address only

IR Indirect-register or indirect working-
register address

Ir Indirect working-register address only

RR Register pair or working register pair

address

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

Symbol  Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

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

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol  Meaning

C Carry flag

Z Zero flag

S Sign flag

\Y Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

- O

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined

1-27
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 - Always true ---

0111 C Carry C=1

1111 NC No Carry C=0

0110 z Zero Z=1

1110 NZ Not zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXORV)=0

0001 LT Less than (SXORV) =1

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

0111 ULT Unsigned less than C=1

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

0000 F Never True (Always False) -
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INSTRUCTION FORMATS
OPC

dst OPC

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

INCr

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC,
DECW, INC, INCW,
dst/src or[ 1110 [ astsie | o pusH. AL RLC,
RR, RRC, SRA, SWAP
OPC JP, CALL (Indirect)
dst or[1110] ast |
OPC SRP
VALUE
OPC | MODE ADC, ADD, AND, CP,
OR, SBC, SUB, TCM,
dst Src ™. XOR
MODE | oPc LD, LDE, LDEI,
dst/src | src/dst LDC, LoCl
dstisrc | OPC LD
src/dst ORI 1110 I src I
dst | opC LD
VALUE
dsvcC | OPC DINZ, JR
RA
FFH STOP/HALT
6FH | 7FH

Two-Byte Instructions

OPC MODE
src OR| 1110 src
dst OR| 1110 dst
OPC MODE
dst or[1110] st
VALUE
MODE | OPC
src OR| 1110 src
dst OR| 1110 dst
MODE | OPC
dst/src X
ADDRESS
cc OPC
DAU
DAL
OPC
DAU
DAL

ADC, ADD, AND, CP,
LD, OR, SBC, SUB,
TCM, TM, XOR

ADC, ADD, AND, CP,
LD, OR, SBC, SUB,
TCM, TM, XOR

LD

LD

JP

CALL

Three-Byte Instructions

INSTRUCTION SUMMARY

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

dst --- dst + src

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

notation "addr (n)" is used to refer to bit (n) of a given

operand location. For example:

dst(7)

refers to bit 7 of the destination operand.
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INSTRUCTION SUMMARY

Address Address :
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V DH and Operation dst src Byte(Hex) C Z S V DH
ADC dst, src t 111 * %k ok ok 0 3k INC dst r 1E - %k ok ok - -
dste—dst + src +C dste—dst +1 r=0-F
R 20
ADD dst, src t 0] k% sk ok k0 sk R 21
dste—dst + src
INCW dst RR A0 - ok ok ok - -
ANDdS‘, SIc T 5[] - %k x 0 - - dste—dst + 1 R Al
dste—dst AND src
IRET BF K sk ok sk ok ok
CALL dst DA D6 - - - - - - FLAGS—@SP;
@SP«PC, PC—@SP;
POedst SPeSP +2,
CCF EF % - - - - - IMR(7)¢1
CeNOTC JP cc, dst DA D - e e e -
CLR dst R B0 oo T if cc is true, c=0-F
dste=0 IR B1 PCe—dst IRR 30
COM dst R 60 Sk ok 0 - - :’fF;CCIngiL RA gBo s
t<—NOT dst IR 61 ' =v-
dteNOT 85 PCPC + dst
CP dst, src t Al'l * ok ok ok - - Range: +127,
dst —src -128
DA dst R 40 ¥ %k X - - LD dst, src r Im «C - - - - - -
dste—DA dst R 41 dste—src r R ]
DEC s R 0 T E ok k- - R
dste—dst — 1 IR 01 i c7
DECW dst RR 80 -k ok ok - - X r b7
dstedst—1 R 81 ror B
Irr F3
DI 8F - - - - - - R R E4
IMR(7)<-0 R R E5
DJNZr, dst RA rA - - - - - - ROIM - E6
| 0—F R M E7
el r=0- R R F5
ifr0
PC«PC + dst LDC dst, src room G2 - - - - -
Range: +127, . dste—src
-128
LDCI dst, src Ir I C3 - - - - - -
El 9F - - - - - dste—src
IMR(7)&1 et + ;e +1
HALT 7F NOP FF
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Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C Z S V DH
OR dst, src t 4] - % % 0 - - STOP 6F 1 - - - - -
dste—dst OR src
s SUB ds, stc t 21 OO
POP dst R 50 R dste—dste—src
dste—@SP; R 51
PSP st SWAP dst R o X % % X - -
E— IR F1
PUSH src R 70 - - - - - [ <[s 0]
SP«SP -1, IR A 1
@SP«src
- TCM ds, stc T 61 T R0 - -
RCF CF 0 - - - - - (NOTdst)
Ce0 AND src
RET AF R TM dst, src t 7M1 - ok %k 0 - -
PC«@SP; dst AND src
p .
SPsSP+2 wDT 5F XX X - -
RL dst R 90 ko ok - -
° R o o R R XOR dst, ¢ T B | Tw w0 -
dstedst
XOR src
RLC dst R 10 * %k ok ok - -
R 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 ‘[ ]’
in this table, and its value is found in the following table to the left of the
RR dst R E0 * koK k- o- applicable addressing mode pair.
—— R E1
For example, the opcode of an ADC instruction using the addressing
modes r (destination) and Ir (source) is 13.
RRC dst R C0 ok ok ok - -
IR C1
Address Mode Lower
dst src Opcode Nibble
SBC dst, src t 3] % sk ok ok 1 ok
dste—dste—srceC r r (2]
SCF DF 1 - - - - - r Ir [3]
Cet
SRA 05! R 00 * % k0 - - RoF N
R D1 R IR [5]
h-u
= R M (6]
SRP dst Im 3 - - - - - -
RP<—src IR M (7]
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OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F

65 65 65 65 | 105 | 105 | 105 | 105 | 65 65 [12105[12/100] 65 [12.100] 65
0 |pec |pec | Abb | ADD | ADD | ADD | ADD | ADD | LD LD |DJNZ | JR LD JP INC
R1 IR1 | r1,r2 | r1, 12 |R2,R1 }IR2, R1| R1, IM]IR1,IM| r1,R2 | r2,R1 [r1,RA |cc, RA |1, IM |cc, DA| r1
65 65 65 65 | 105 | 105 | 105 [ 105
1 |RLC [RLC | ADC | ADC | ADC | ADC | ADC | ADC
R1 IRt | r1,r2 | r1,r2 |R2,R1|IR2, R1| R1,IM | IR1, 1M
65 65 65 65 | 105 | 105 | 105 [ 105
2 INC | INC [ suB | suB | suB | suB | suB | suB
R1 IR1 | r1,r2 | r1,Ir2 | R2, R1 |IR2, R1| R1, M| IR1, IM
80 | 6.1 65 65 | 105 | 105 | 105 | 105
3 JP | sRP | sBC | sBC | sBC | sBC | sBC | sBC
IRR1 | IM ri,r2 | r1,1r2 |R2, R1 |IR2, R1| R1,IM| IR1, M
85 85 65 65 | 105 [ 105 | 105 | 105
4 DA DA | OR OR | OR OR OR OR
R1 IR1 | r1,r2 [ r1, 12 [R2,R1|IR2, R1| R1, IM | IR1, 1M
105 | 105 | 65 65 | 105 [ 105 | 105 | 105 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND WDT
R1 IR1 | r1,r2 | r1,1r2 |R2, R1 [IR2, R1| R1, IM | IR1, IM
65 65 65 65 | 105 | 105 | 105 [ 105 6.0
6 |Jcom |com | TcM | TcM | TCM | TCM | TCM | TCM STOP
g‘ R1 IR1 | r1,r2 | r1,1r2 [R2,R1 [IR2, R1| R1, IM | IR1, IM
T 10/12.1{12/141] 65 65 | 105 | 105 | 105 | 105 7.0
@ 7 |PUSH|PUSH| T™ ™ | ™ ™ ™ ™ HALT
] R2 IR2 | r1,r2 | r1,r2 [R2, R1 |IR2, R1| R1, IM | IR1, IM
Z 105 | 105 | 120 | 180 6.1
23-_ 8 |DECW |DECW | LDE | LDEI DI
g. RR1 IR1T e drr2 {Ird Irr2
6.5 6.5 120 | 18.0 6.1
9 | Rt | RL | LoE | LDEI El
R1 IRT_1r2 1rr1 Y 1r2, Irrd
105 | 105 | 65 65 | 105 | 105 | 105 | 105 14.0
A JINCW | INCW | cP cP cP cP cP | cP RET
RR1 IR1 | r1,r2 | 1,12 |R2, R1|IR2, R1| R1, IM|IR1, IM
65 6.5 65 65 | 105 | 105 | 105 | 105 16.0
B CLR |[CLR | XOR | XOR | XOR | XOR | XOR | XxOR IRET
R1 IR1__| r1,r2 | r1,1r2 [R2,R1 [IR2, R1| R1,IM|IR1, IM
65 65 | 120 | 180 105 6.5
c RRC | RRC | LDC | LDCI LD RCF
R1 IR1 | rd, Irr2 ]I, Irr2 r1,x,R2
65 65 120 | 180 | 200 200 [ 105 65
D |SsRA |SRA | LDC | LDCI |CALL* CALL | LD SCF
R1 IR1_|r1,Ir2{ir1, Ir2| IRR1 DA | r2xR1
65 65 65 | 105 | 105 | 105 | 105 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,1R2 | R2, R1 [IR2, R1| R1, IM| IR1, IM
. 85 8.5 65 10.5 ; ¢ 6.0
SWAP | SWAP LD LD NOP
R1 IR1 Ir1, r2 R2, IR1 ' ' ' ' '
' ' ~ '
2 3 2 3 1

Bytes per Instruction

(;.owedr Legend:
pcoce R = 8-bit Address
. Nibble ’
Execution Pipeline r = 4-bit Address
Cycles l Cycles R1or r1 = Dst Address
4 R2or r2 = Src Address
Upper 10.56 '
Opcode ——eA CPe—1—— Mnemonic Sequencet
Nibble R1,R2 Opcode, First Operand,
Second Operand
First Second Note: Blank areas not defined.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction
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PACKAGE INFORMATION
R . SYMBOL MILLIMETER INCH
imlmliclnlcinlalslm] MIN MAX MIN MAX
f Al 0st | o8t 020 032
q £l A2 325 | 343 | 128 135
— | B 038 | 053 [ 015 021
0 ® B 114 [ 165 | 045 | 065
E . c 023 | 038 | 009 | w15
b D 2235 | 2337 | 880 | .920
£ 762 | 813 | 300 | 320
c £l 622 | 648 | 245 | 255
[i=) 254 TYP 100 TYP
fo— oA —=f e 7.87 8.89 310 .350
L 318 | 381 | 125 | i1s0
o 152 | 165 | 060 | 065
s 089 | 165 | 035 | 065
ks ol a2
n T T
CONTROLLING DIMENSIONS : INCH
”‘ L
Al
— S @ B

18-Pin DIP Package Diagram

AAAAAAAAR

EEEEEEEE

a1 MILLIMETER INCH

¥ ] F;‘ SYMBOL U MAX MIN MAX
12 ] A A 240 265 094 104
Al 010 0.30 004 012
P A2 224 244 088 096
2 B b B SEATING PLANE B 0.36 0.46 014 018
[+ 0.23 0.30 009 012
D 11.40 175 | 449 463
E 7.40 7.60 291 299

CONTROLLING DIMENSIONS ] 127 _TYP 050 TYP
LEADS ARE COPLANAR vnnm 004 INCH. H 1000 1065 | 394 a9

h 0.30 0.40 012 016
L 0.60 1.00 024 039
[ 057 7| 107 038 042

18-Pin SOIC Package Diagram
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286C07
CMOS Z8®MCU

ORDERING INFORMATION

Z86C07
8 MHz 12 MHz
Z86C0708PSC Z86C0712PSC
Z86C0708PEC Z86C0712PEC
Z86C0708SSC

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

Package
P = Plastic DIP
S=S80IC

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

Speeds
08 =8 MHz
12 =12 MHz

Environmental
C = Plastic Standard

Example:
Z 86C07 08 P S C is a Z86C07, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix

F
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Introduction

286C07 28° CMOS
8-Bit Microcontroller

286C08 28 CMO0S
8-Bit Microcontroller

Z86E08 Z28° CMOS 8-Bit
OTP Microcontroller

286C11 28° CMOS
Microcontroller

286C12 28° CMOS
In-Circuit Emulator MCU

286C21 Z28° CMOS
8K ROM Microcontroller
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PRODUCT SPECIFICATION

286C08

CMOS Z8® 8-BIT
MICROCONTROLLER

FEATURES

B 8-Bit CMOS Microcentroller

m 18-Pin DIP, and 18-Pin SOIC Package

m Low Cost

B 3.0V to 5.5V Operation Range

B Low Power Consumption; 50 mW (Typical)
B Brown-Out Protection

B Fast Instruction Pointer; 1 us @ 12 MHz

B Two Standby Modes - STOP and HALT

B 14 Input/Output Lines

W Three Digital Inputs at CMOS Levels

B Eleven Digital Inputs at CMCS Levels;

Schmitt-Triggered
m 2 Kbytes of ROM
B 124 Bytes of RAM

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

B Six Vectored, Priority Interrupts from
Six Different Sources

m Clock Speeds 8 and 12 MHz
B Watch-Dog/Power-On Reset Timers
B TwoComparators with Programmable Interrupt Polarity.

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

GENERAL DESCRIPTION

The Z86C08 Microcontroller Unit (MCU) introduces a new
level of sophistication to single-chip architecture. The
Z86C08 is a member of the Z8 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
18-pin SOIC, and is manufactured in CMOS technology.
The Zilog Z86C08 offers all the outstanding features of the
Z8 family architecture, and easy software/hardware
system expansion along with low cost, low power con-
sumption.

The Z86C08 is characterized by a flexible I/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.

For applications which demand powerful I/O capabilities,
the Z86C08 provides 14 pins dedicated to input and
output. These lines are grouped into three ports, and are
configurable under software control to provide I/O, timing,
and status signals.

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

2-1
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GENERAL DESCRIPTION (Continued)

To unburden the program from coping with real-time tasks ~ Notes:

such as counting/timing and I/O data communications, the Al Signals with a preceding front slash, ', are active Low, e.g.:
Z86C08 offers two on-chip counter/timers with a large ~ B/W (WORD is active Low); /B/W (BYTE is active Low, only).
number of user selectable modes. Also, there are two on-

board comparators that can process analog signals with a

common reference voltage (Figure 1).

Power connections follow conventional descriptions below:

Connection Circuit Device
Power Voo Voo
Ground GND Vg
Input Vce GND XTAL
N Machine
Port 3 <— /] Timing & Inst.
il Control
Counter/
Timers (2) <: ALU
nt : FLAG S Ml
nterrupt | rg. Memory
Control <: 2048 x 8-Bit
Register ﬁ
Pointer
Two Analog
Comparators <: - - Program
Register File Counter
144 x 8-Bit
Port2 Port 0 <:

TN

(Bit Programmable)

Figure 1.

i

Functional Block Diagram
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PIN DESCRIPTIONS

p2a [ 1 -/ 6 [ pes Table 1. 18-Pin DIP Identification
p2s [] 2 17 I P22 Pin# Symbol Function Direction
P26 [] 3 16 a P21 1-4  P24-P27 Port2,Pins4,5,6,7  In/Output
P27 [ 4 15 [J P20 5 v Power Supply
6 XCTCALZ Crystal Oscillator Clock  Output
vee [ s 14 [J &nD 7 XTAL1  Crystal Oscillator Clock  Input
xta2 [ 6 13 O poz 8 P31 Port 3, Pin 1, AN Input
xTaLt [ 7 12 [ Pot 9 P32 Port 3, Pin 2, AN2 Input
P31 [] s 1 POO 10 P33 Port 3, P!n 3, REF Input
11-13 PO0-P0O2 Port 0, Pins0, 1, 2 In/Output
Ps2 [ o 10 [] Pas 14 GND  Ground

15-18 P20-P23 Port 2, Pins0, 1,2, 3 In/Output

Figure 2. 18-Pin DIP Configuration

N\
Ps [ 2 17 ] pe2
P26 [T I | 3 6] [ ] pet
Pr [ ] ¢ 15[ TT_] po
Z86C08
veo [T & soiC “ L] eno
xtaiz2 [ J[ | ¢ B3I ] Po2
xtaut [ 7 2] pot
P2 [ ] ° [ ]rss
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 - Power Supply 10 P33 Port 3, Pin 3, REF Input
6 XTAL2  Crystal Oscillator Clock  Output 11-13 P00-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)

XTAL1, XTAL2 Crystal In, Crystal Out (time-based input ~ Port 0 (P0O2-P00). Port O is a 3-bit I/O, nibble program-
and output, respectively). These pins connect a parallel-  mable, bidirectional, CMOS compatible I/O port. These
resonant crystal, LC, or an external single-phase clock  threel/O lines can be configured under software control to

(12 MHz max) to the on-chip clock oscillator and buffer. be an input or output (Figure 4).
-
MCU ————— Port 0 (1/0)
|———————

D
PAD
Out
1 5/<I—> 2.3 Hysteresis Vcc @ 5.0V /77

In \”l

T "

1 1

' ]

' ——O{]—OQ‘ i Auto Latch

i :

] 1

1 1

Figure 4. Port 0 Configuration
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Port 2 (P27-P20). Port 2 is an 8-bit I/O, bit programmable, input or output, independently. Bits prdgrammed as out-
bidirectional, CMOS compatible /O port. These eight /O puts may be globally programmed as either push-pull or
lines can be configured under software control to be an ~ open-drain (Figure 5).

MCU > Port 2 (1/0)

Open Drain T

= D=

PAD

Out

1.5 «+— 2.3 Hysteresis Vcc @ 5.0V

1 1
1 1
: _M 1 Auto Latch
i :
1 1
1 1
1 1

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

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

-
MCU  |(——ono Port 3
le————
R247 = P3M
1= Analog
[ [o1 1 oZoigta
DIG. l P31
PAD [ ™ DataLatch
D P31 (AN1) > IRQ,Tin
+ ]
‘ AN. |
1
— 1
i IRQ3
v P32
Data Latch
PAD I_\ [
D P32 (AN2) Do » IR0
+ ]
1
|
[] ' |
P33 (REF) !
PAD v P33
AN | o Data Latch
Vee © > |RQ1

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

Figure 6. Port 3 Configuration

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

Typical app‘lications for the on-board comparators are:
Zero crossing detection, A/D conversion, voltage scaling,
and threshold detection.

The dual comparator (common inverting terminal) features
a single power supply which discontinues power in STOP
Mode. The common voltage range is 0-4V.

Interrupts are generated on either edge of comparator 2's
output, oronthe falling edge of comparator 1's output. The
comparator output may be used for interrupt generation,
Port 3 data inputs, or T, through P31. Alternately, the
comparators may be disabled, freeing the reference input
(P33) for use as IRQ1 and/or P33 input.

The Z8 MCU incorporates special functions to enhance the
Z8's application in industrial, scientific research, auto,
and consumer applications.

2-6
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FUNCTIONAL DESCRIPTION

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

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

INT OSC XTAL OSC
POR T T
(Cold Start) )
Delay Line 18 CLK Chip
12 pusec 1 Reset Filter |—* Reset
—] Vce @ 5.5V
P27
(Stop Mode)

Figure 7. Internal Reset Configuration

Table 3. Z86C08 Control Registers

Reset Condition

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

F1 T™R 0 0 0 0 O 0 0 O

F2 T u uu u uu uwu

F3 PRE1T U U U U U U 0 0

F4 T0 u uu uuu uu

F5 PREO U U U U U U U 0

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

Fr* PM U U U U U U 0 O

F&* POIM U U U 0O U U 0 1

F9 IPR u uuuuvuu uu

FA RQ U U 0 0 0 0 0 0 IRQ3Is
used for
positive
edge detec-
tion

PB MR 0 U U U U U U U

PC FLAGS U U U U U U U U

FD RP 0 00 0 0 O0 O0 O

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

FF S U UU U U U U U

0 Pot0 U U U U U U U U

2 Pot2 U U U U U U U U

03 Pot3 U U U U U U U U

Note:

* Registers are not reset after a Stop-Mode Recovery using P27 pin.
Asubsequentresetwill 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.

2048
Location of On-Chip
First Byte of ROM
Instruction
Executed & - - - - - - - - -
After RESET 12 |~
" IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
IR
Interrupt Q3
Vector ¢ IRQ3
(Lower Byte) \
5 W IRQ2
4 > IRQ2
Interrupt / Q
Vector g IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 8. Program Memory Map
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FUNCTIONAL DESCRIPTION (Continued)

Register File. The Register File consists of three I/O 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 Indentifiers
255 Stack Pointer (Bits 7-0) SPL
254 Reserved
253 Register Pointer RP
252 Program Control Flags Flags
251 Interrupt Mask Register IMR
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode PO1M
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 To Prescaler PREO
244 Timer/Counter0Q TO
243 T1 Prescaler PRE1
242 Timer/Counter1 T
241 Timer Mode TMR
240 Not Implemented
128
127

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

Figure 9. Register File

register addressing using the Register Pointer. In the 4-bit
mode, the register file is divided into eight working register
groups, each occupying 16 continuous locations. The
Register Pointer (Figure 10) addresses the starting loca-
tion of the active working-register group. Upon power-up,
the general purpose registers are undefined.

1

Ir7r6r5r4Jr3r2r1rO

R253
(Register Pointer)

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

FF
- R15to RO
FO
7F
70
6F
60
sF
50
4F
- The lower nibble
40 of the register
8F " ) file address
—— Specified Working ~@—{— provided by the
30 Register Group instruction points
2F to the specified
b e e register.
20
1F
- Register Group 1 R15 to RO
10
OF .
Register Group 0 R15 to R4
1/0 Ports R3 to RO
00

Figure 10. Register Pointer
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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
(1to 256) thathas been loaded into the counter. When both
counter and prescaler reach the end of count, a timer
interrupt request IRQ4 (TO) or IRQ5 (T1) is generated.

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

The counters, but not the prescalers are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and can be either the
internal microprocessor clock divided-by-four, or an exter-
nal signal input through Port 3. The Timer Mode register
configures the external timer input (P31) as an external
clock, atrigger inputthatisretriggerable or notretriggerable,
or as a gate input for the internal clock.

Internal Data Bus

wiey 1)

Write * lL Read * ﬁ
osc
PREO TO TO
Initial Value Initial Value Current Value
Y Register Register Register
*
2 { U ]
6-Bit 8-Bit
1 4 Down — Down
Counter Counter L = |RQ4
Internal
Clock
Y
External Clock
Clock
Logic - -
6-Bit 8-Bit L = RA5
» 4 Down ﬂ Down
\ ° Counter Counter
Internal Clock T? i i 1
Gated Clock PRE1 T T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
Tin P31
N Write4 TT Write+ TT F!ead+ U

* - ) ’ Internal Data Bus
Note: Divide-by-two is not used in Low EMI Mode.

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

Interrupts. The Z86C08 has sixinterrupts from six different
sources. These interrupts are maskable and prioritized
(Figure 12). The six sources are divided as follows: the
falling edge of P31 (AN1), P32 (AN2), P33 (REF), the rising
edge of P32 (AN2), and the two counter/timers. The Inter-
rupt Mask Register globally or individually enables or
disables the six interrupt requests (Table 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 Z86CO08 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

4

IIILI_I—_
=Dy

\O)

Global

IPR

Interrupt
Enable

I}

Interrupt
Request

—(

PRIORITY
LOGIC

Figure 12.

U

Vector Select

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

The crystal should be connected across XTAL1and XTAL2
using the vendor's crystal recommended capacitors (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 Vg, 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 000C (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 pA. The STOP Mode can be released by two
methods. The first method is a RESET of the device by
removing V.. The second method is if P27 is configured
as an input line when the device executes the STOP
instruction. A low input condition on P27 releases the
STOP Mode.

XTAL1
C1

XTAL2

c2

H

Ceramic LC Clock

Resonator
or Crystal

Program execution under both conditions begins at loca-
tion 000C (Hex). However, when P27 is used to release the
STOP Mode, the I/O port mode registers are not
reconfigured to their default power-on conditions. This
prevents any 1/O, configured as output when the STOP
instruction was executed, from glitching to an unknown
state. To use the P27 release approach with STOP Mode,
use the following instruction:

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 (WDT). The Watch-Dog Timer is en-
abled by instruction WDT. When the WDT is enabled, it
cannot be stopped by the instruction. With the WDT
instruction, the WDT should be refreshed once the WDT
is enabled within every 10 psec; otherwise, the Z86C08
resets itself. The WDT instruction affects the Flags accord-
ingly:Z=1,8=0,V=0.

WDT = 5F (Hex).

XTAL1 XTAL1

XTAL2 XTAL2

External Clock

* = Use pin 14,

Figure 13. Oscillator Configuration
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FUNCTIONAL DESCRIPTION (Continued)

Opcode WDT (5FH). The first time opcode 5FH is ex-
ecuted, the WDT is enabled, and subsequent execution
clears the WDT counter. This has to be done at least every
10 psec. Otherwise, the WDT times out and generates a
Reset. The generated Reset is the same as a Power-On
Reset of T, usec +18 XTAL clock cycles. The WDT does
not work in STOP Mode. The WDT is disabled during and
after a Reset, until the WDT is enabled again.

Opcode WDH (4FH). When this instruction is executed it
will enable the WDT during HALT. If not, the WDT will stop
when entering HALT. This instruction does not clear the
counters, it just makes it possible to have the WDT function
running during HALT Mode. A WDH instruction executed
without executing WDT (5FH) has no effect.

Brown-Out Protection (V,,). Maximum (V) Conditions:

Case1 T,=-40°C, +105°C, Internal Clock Frequency
equal or less than 1 MHz
Case2 T,=-40°C, +85°C, Internal Clock Frequency

equal or less than 2 MHz

Vee 2.80

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

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 (V) 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)
Temp  -40°C 0°C +25°C  +70°C  +105°C
V 255 2.4 2.1 1.7 1.6

BO

(Volts)

2.60

240

2.20 N

2.00 Py
N

1.80

Vgo (Typical)

N

N

1.60

1.40

AN

-60 -40 -20 0 20

40 60 80 100 120 140
Temperature (°C)

* Power-On Reset threshold for Vgo and 1 MHz internal clock frequency Vg, overlap.

Figure 14. Typical Z86C08 V,, vs Temperature
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min Max Units
Ve Supply Voltage* -0.3 +7 \
Ters Storage Temp —65°  +150° C
T, Oper Ambient Temp T T C
Notes:

*Voltages on all pins with respect to GND
1 See Ordering Information

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specifications is notimplied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

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

From Output
Under Test

f 150 pF

Figure 15. Test Load Diagram

CAPACITANCE

T,=GND =0V, f = 1.0 MHz, unmeasured pins to GND

Parameter Max

Input capacitance 10 pF
Output capacitance 20 pF
I/O capacitance 25 pF

2-13




. 286008
N 2L a5 28°8-BT MCU
DC ELECTRICAL CHARACTERISTICS

T,=0°C1t0+70°C T,=-40°Cto +105°C Typical

Sym  Parameter V.. [41  Min Max Min Max @25°C Units Conditions Notes
Max Input Voltage 3.0V 12 12 v Iy =250 pA
5.5V 12 12 v Iy =250 pA
Ve, Clock Input High 30V 08V, V03 08V, V03 1.7 v Driven by External
Voltage Clock Generator
55V 08V, V03 08V, V03 28 v Driven by External
Clock Generator
Ve, Clock Input Low 30V V03 02V, V03 02V, 08 v Driven by External
Voltage Clock Generator
55V V03 02V, V03 02V 1.7 v Driven by External
Clock Generator
Vi Input High Voltage 3.0V 07V, V. +03 07V, V403 1.8 v
55V 07V, V03 07V, V03 28 v
A Input Low Voltage 3.0V V03 02V, V03 02V, 08 v
55V V03 02V, V03 02V 15 v
Vi Output High Voltage 3.0V V0.4 V0.4 30 v loy=—2.0mA [5]
55V V04 V04 48 v lgy=—2.0mA 5]
30V V04 V04 v Low Noise @ 0.5 mA
55V V04 V0.4 v Low Noise @ 0.5 mA
Voo OutputLow Voltage 3.0V 08 08 0.2 v lp, = +4.0 mA (5]
5.5V 0.4 04 0.1 v lo, =+40 MA 5]
3.0V 04 0.4 v Low Noise @ 0.5 mA
5.5V 04 04 v Low Noise @ 0.5 mA
Voo Output Low Voltage ~ 3.0V 1.0 10 08 v lo=+12mA,
3 Pin Max 5]
5.5V 08 08 03 v o, =+12mA,
3 Pin Max (5]
Vrsr  Comparator Input 3.0V 25 25 10 mv
Offset Voltage 5.5V 25 25 10 mv
Vo V. Brown Out Voltage 2.7 2.95 21 v @1 MHz Max,
Int. CLK Freg
I, Input Leakage 3.0V -1.0 1.0 -1.0 1.0 A V=0V, V.
(Input Bias 5.5V -1.0 1.0 -1.0 1.0 A V=0V, Y,
Current of
Comparator)
o, Output Leakage 3.0V -1.0 1.0 -1.0 1.0 A V=0V, Y,
5.5V -1.0 1.0 -1.0 1.0 A V=0V, V.
Veer 0 V~10 0 V=15 v
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T,=0°Ct0+70°C T,=-40°Cto+105°C  Typical
Sym  Parameter V. [4  Min Max Max @25°C Units  Conditions Notes
lee Supply Current 3.0v 35 35 1.5 mA All Output and I/0 Pins
Floating @ 2 MHz [5]
5.5V 70 7.0 38 mA All Qutput and 1/0 Pins
Floating @ 2 MHz [5]
3.0v 8.0 8.0 30 mA All Qutput and 1/0 Pins
Floating @ 8 MHz [5]
5.5V 11.0 11.0 44 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]
[ Standby Current 3.0V 25 2.5 07 mA  HALT Mode V, =0V,
Ve, @2 MHz [5]
5.5V 40 5.0 25 mA HALT Mode V, =0V,
V. @2MHz [5]
3.0v 4.0 4.0 1.0 mA HALT Mode V, = OV,
Vi, @8MHz [5]
5.5V 5.0 5.0 30 mA HALT Mode V, = 0V,
Ve @8 MHz [5]
3.0V 45 45 15 mA HALT Mode V,, = 0V,
Ve, @12 MHz [5]
5.5V 7.0 7.0 40 mA HALT Mode V, = 0V,
Vi, @12 MHz (5]
lee Supply Current 3.0v 35 35 15 mA All Output and I/0 Pins
(Low Noise Mode) Floating @ 1 MHz
5.5V 7.0 7.0 38 mA All Output and I/0 Pins
Floating @ 1 MHz
3.0V 58 5.8 2.5 mA All Output and 1/0 Pins
Floating @ 2 MHz
5.5V 9.0 9.0 40 mA All Output and 1/0 Pins
Floating @ 2 MHz
3.0V 8.0 8.0 3.0 mA All Qutput and 1/0 Pins
Floating @ 4 MHz
5.5V 11.0 1.0 44 mA All Output and 1/0 Pins
Floating @ 4 MHz
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DC ELECTRICAL CHARACTERISTICS (Continued)
T,=0°Ct0+70°C T,=-40°Cto+105°C  Typical
Sym  Parameter V. [4  Min Max Min Max @25°C  Units  Conditions
lect Standby Current 3.0v 12 12 04 mA HALT Mode V=0V,
(Low Noise Mode) Ve, @1 MHz
5.5V 16 16 0.9 mA HALT Mode V,, = 0V,
Ve, @1 MHz
3.0v 15 1.5 05 mA HALT Mode V,, =0V,
Ve @2 MHz
5.5V 19 19 1 mA HALT Mode V, =0V,
V. @2 MHz
3.0V 2.0 - 20 0.8 mA HALT Mode V,, =0V,
Ve, @ 4 MHz
5.5V 24 2.4 0.3 mA HALT Mode V,, =0V,
Ve, @4 MHz
leca Standby Current 3.0v 10 20 1.0 LA STOP Mode V=0V,
V. WDT is not Running
5.5V 10 20 1.0 LA STOP Mode V,, =0V,
V. WDT is not Running
L Auto Latch Low 3.0V 6.0 8.0 3.0 pA OV <V <V
Current
5.5V 22 30 16 VA V<V <V
(e Auto Latch High 3.0v —4.0 -5.0 -15 VA OV<Vy<Vg,
Current
5.5V -12.0 -20 -8.0 vA V<V, <V
Notes:
1] log Typ Max  Unit Freq
Clock Driven 0.3 5.0 mA 8 MHz
Crystal/Resonator 3.0 5.0 mA 8 MHz
[2] Vi=0V=GND
[3] For2.75V operating, the device operates down to V. The minimum

[4]
(5]

operational V, is determined on the value of the voltage V,, at
the ambient temperature. The Vg, increases as the temperature
decreases.

Voo =3.0Vto 5.5V

Standard Mode (not Low EMI mode)
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AC ELECTRICAL CHARACTERISTICS

Clock

IN

IRQ N \

Figure 16. AC Electrical Timing Diagram
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AC ELECTRICAL CHARACTERISTICS
Timing Table (Standard Mode)

T,=0°Cto +70°C T,=-40°C to +105°C
8 MHz 12 MHz 8 MHz 12 MHz
No Symbol Parameter Vee Min  Max Min Max Min Max Min Max Units Notes
1 TpC Input Clock Period 30v 125 100,000 83 100,000 125 100,000 83 100,000 ns 1]
55V 125 100,000 83 100,000 125 100,000 83 100,000 ns (1]
2 TC,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 30V 62 41 62 4 (1]
55V 62 41 62 4 ns [
4 TwTinL  Timer Input Low Width 3.0V 100 100 100 100 ns (1]
55V 70 70 70 70 ns 1
5 TwTinH  Timer Input High Width 3.0V 5TpC 5TpC 5TpC 5TpC (1]
55V 5TpC 5TpC 5TpC 5TpC (1]
6  TpTin Timer Input Period 30V 8TpC 8TpC 8TpC 8TpC 1]
55V 8TpC 8TpC 8TpC 8TpC (1
7 TrTin, Timer Input Rise 3.0v 100 100 100 100 ns 1]
TtTin and Fall Timer 5.5V 100 100 100 100 ns (1]
8 TwiL Int. Request Input 3.0V 100 100 100 100 ns 1.2
Low Time 55V 70 70 70 70 ns [1.2]
9 TwH Int. Request Input 30V 5TpC 5TpC 5TpC 5TpC [1]
High Time 55V 5TpC 5TpC 5TpC 5TpC [1,2]
10 Twat 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 V, for a logic 1 and 0.2 V, for a logic 0.
[2] Interrupt request through Port 3 (P31-P33).
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AC ELECTRICAL CHARACTERISTICS
Low Noise Mode

T,=0°C to +70°C T,=-40°C to +105°C
1 MHz 4 MHz 1 MHz 4 MHz
No Symbol Parameter Ve 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]
55V 25TpC 2.5TpC 2.5TpC 2.5TpC (11
6  TpTin Timer Input Period 30V 41pC 4TpC 4TpC 4TpC [1]
55V 4TpC 4TpC 4TpC 4TpC (1
7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns [1]
TtTin and Fall Timer 5.5V 100 100 100 100 ns [1]
8  TwlL Int. Request Input 3.0v 100 100 100 100 ns [1.2]
Low Time 55V 70 70 70 70 ns 12
9  TwiH Int. Request Input 3.0V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [11
High Time 55V 2.5TpC 2.5TpC 2.5TpC 2.5TpC [1.2]
10 Twdt Watchdog Timer 3.0V 25 25 25 25 ms [1]
Delay Time 5.5V 12 12 10 10 ms (1]

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

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

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

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

W Outputdrivers have resistances of 200 ohms (typical).

B Oscillator divide-by-two circuitry eliminated.

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

EMI Characteristics

The 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

-70

PN
o

Peak Level (dBm)
8

-85

30-60 140-160

300-400 700-1000

Frequency (MHz)

Figure 17. Low Noise Analysis
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR
|o7] os| 05] 04| D3] o2 b1] 00|
0 No Function

1 LoadTy

Disable T yCount
Enable TgCount

No Function
LoadT 4

Disable T ; Count
Enable T4 Count

TN Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

Reserved (Must be 0.)

ad =0 ao

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

R242T1
[D7lD6ID5IEtID3IDZI[ﬂPOI
I T4 Inital Value

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

T4 Current Value
(When READ)

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

R243 PRE1
ID7ID6ID5|D4IDSID2JD1|DOI

L— Count Mode

0 T4 Single Pass
1 T4 Modulo

Clock Source
1 Tqlinternal
0 T4 External Timing Input
(TIN ) Mode

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

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

R244T0

|o7|Ds|Ds|D4|Ds|Dz|D1|Do|

I Ty Initial Value

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

To Current Value
(When READ)

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

R245 PREO
ﬁ7| DGI DSI D4l DSl D2I D1 l DOl
L—' Count Mode

0 T, Single Pass
1 Ty Modulo-n

Reserved (Must be 0.)

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

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

R246 P2M
PR
I——— P2 - P2 I/O Definition

0 Defines Bit as OUTPUT

1 Defines Bit as INPUT

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

R247 P3M

|o7] o6 os | p4] D3] 02| 1] oo |

1 Port 2 Pull-Ups Active

Port 3 Inputs
0 Digital
1 Analog

Reserved (Must be 0.)

Figure 24. Port 3 Mode Register
(F7,: Write Only)

I— 0 Port 2 Pull-Ups Open Drain

2-21



. 266008
(A= Nu 28%8-Br7 MCU
Z8 CONTROL REGISTER DIAGRAMS (Continued)

R248 POIM R251 IMR
|o7] o8] os] o4 3] p2| p1{ 00 ] |o7] o] b5 b4 D3| p2| o1 Do
L s g&;m"de | 1 IRQS5-IRQO
01 Output (©, =1RAD)
Must be 1. Reserved (Must be 0.)
R d (Must be 0.) L 1 Enables Interrupts
Figure 25. Port 0 and 1 Mode Register Figure 28. Interrupt Mask Register
(F8,: Write Only) (FB,: Read/Write)
R252 Flags
R249 IPR ID7|De|Ds|DA|Ds|Da|D1IDﬂ
|o7] o8| os] 04] s o2 p1] 20
T I l | I—— User Flag Ft
Interrupt Group Priority User Flag F2
000 Reserved
001 C>A>B Half Carry Flag
8110 :: g z BC Decimal Adjust Flag
100 B>C>A Overflow Flag
101 C>B>A .
10 B>A>C Sign Flag
111 Reserved Zero Flag
IRQ1; IRQ4 Priority (Group C
0 IRQ1> IRQ4Y( PO Carry Flag
1 IRQ4 > IRQ1
IRQO, IRQ2 Priority (Group B)
‘13 :ggg::sgg Figure 29. Flag Register
IRQ3, IRQ5 Priority (Group A) (FC,;: Read/Write)
0 IRQS5 > IRQ3
1 IRQ3>IRQ5
Reserved (Must be 0.) R253 RP
|o7] o8| ps | p4] 03] 2| b1 f 00 |
Figure 26. Interrupt Priority Register I
(an: Write Only) Reserved (Must be 0.)
Register Pointer
R250 IRQ Figure 30. Register Pointer
FD_: Read/Write
| o7] os] ps] o4} b3 p2] o1 oo (FD, )
I— IRQO = P32 Input 4
IRQ1 = P33 Input i R255 SPL
IRQ2 = P31 Input I I
IRQ3 = P32 Input T 57 I MDE’ D4 DSIDZ D1]00 I
IRQ4 = TO
IRQ5 =T1 |
Stack Pointer Lower
Reserved (Must be 0.) Byte (SPg - SP7)
Figure 27. Interrupt Request Register Figure 31. Stack Pointer
(FA,: Read/Write) (FF,: Read/Write)
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DEVICE CHARACTERISTICS

Standard Mode

i
lcc (MA) 14.0

12.0

5.5V

Legend:
HALT e e =

ACtiVe  mumm—

11.0

10.0
9.0

8.0

7.0

6.0

A\

-~ 3.0V

5.5V

5.0

4.0
3.0

2.0

~ 3.0V

1.0

0

Icc (mA)
i
12.0

2 4 6 8 10 12

14

Frequency (MHz)

Figure 32. Maximum | . vs Frequency

11.0

10.0
9.0

5.5V

8.0
7.0

6.0

5.0

4.0

3.0

2.0

— 3.0v

1.0
0

- Frequency

HALT
Active

Figure 33. Typical | vs Frequency

14

(MHz)
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DEVICE CHARACTERISTICS (Continued)
Standard Mode

Vece (Volt)
6.0
55
5.0
4.5
4.0
3.5
3.0
25
5.5V
2.0
15
| 3.0v
1.0
5 3.0v
5.5V
e
-60 -40 -20 0 20 40 GQ 80 100 120 1('3'2')’
VOL -
V"_ ——
Figure 34. V ,V, vs Temperature
Vce (Volt)
A
6.0
55
s E e— - — . 5.5V
5.0
4.5
4.0
3.5
3.0 = 5.5V
e e e -3.0V
25
2.0
15 3.0v
1.0 = = TEMp
80 -40 20 0 0 20 50 80 100 120 ce
Vor Vs Temp o o
Vi Vs Temp e
Figure 35. V,, V., vs Temperature
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lon
(mA)
1
2.0 3.0 40 5.0 60 v
0 T vth
2.0 -+
N L]
3.0 T
-4.0 I

/|
77

70 125( zg"’-‘*o"c 1251 b ra0C
-8.0
3.0V  e—
Y 55V — — =
Figure 36. Typicall,, vs V,,
1o (MA)
RS
& 4o
30 S/ % )&0
Y o O

/ B IS

(.? oo ﬁf’ 0\1

X S f 2 A
20 ? Zg{rq ©

» X
&
/7‘ g
v
4;00
10 / e 2
(] 0.5 1.0 1.5 2.0 25 Vg (Volts)

Figure 37. Typical |, vs V,,
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DEVICE CHARACTERISTICS (Continued)
Standard Mode

Time
(msec) l\
40
30 __
20 +105°C
+25°C
10
-40°C
0
"1 1
25 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Voltage

Figure 38. Typical WDT Time Out Period
vs V.. 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

M Immediate

R Register or working-register address

r Working register address only

IR Indirect-register or indirect working-
register address

Ir Indirect working-register address only

RR Register pair or working register pair

address

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

Symbol  Meaning

dst Destination location or contents

src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

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

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags.

Symbol  Meaning

C Carry flag

Z Zero flag

S Sign flag

\ Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

—_

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 - Always true -

0111 C Carry C=1

1111 NC No Carry C=0

0110 Z Zero Z=1

1110 Nz Not zero Z=0

1101 PL Plus S=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (SXORV)=0

0001 LT Less than (SXORV) =1

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

0111 ULT Unsigned less than C=1

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

0000 F Never true (always false) -
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INSTRUCTION FORMATS

CCF, D\, El, IRET, NOP,
RCF, RET, SCF

dst OPC INCr

One-Byte Instructions

opC | MoDE CLR, CPL, DA, DEC, oPC | MODE ADC, ADD, AND, CP,
dst/src ORI 1110 l dst/src I Eggv‘l/:;l[l’;& IQILC VF‘(’LC src OR| 1110 src #g’,\,.(?%sy?(%’gs UB,
RR, RRC, SRA, SWAP dst or| 1110 dst
OPC JP, CALL (Indirect)
dst orf1110] ast | opc | MODE ADC, ADD, AND, CP,
o[ er] onsese
OPC SRP VALUE
VALUE
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, st OR| 1110 src
dst src %F/} ;gg SUB, TCM, dst OR| 1110 dst
MODE | OPC LD, LDE, LDEI, MODE | oPC LD
dst/src | src/dst LDC, Lbcl dst/src X
ADDRESS
dstisic | OPC LD
sr/dst or[1110] s | cc | OPC P
DAU
dst | OPC LD DAL
VALUE
OPC CALL
dst/CC | OPC DINZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY

Note: Assignment of a value is indicated by the symbol

"---". For example:

dst --- dst + src

indicates that the source data is added to the destination

dst(7)

data and the resultis stored in the destination location. The

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

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 111 * %k k ok 0 3k INC dst r 1E -k ok ok - -
dste—dst + src +C dste—dst +1 r=0-F
R 20
ADD dst, src t o1 * %k %k % 0 %k R 21
dste=dst + src
INCW dst RR AD -k ok ok - -
AND dst, src t 501 - % % 0 - - dstedst + 1 R Al
dste—dst AND src Ste=st+
IRET BF ¥ %k ok ok ok ok
CALL dst DA D6 - - - - - - FLAGS—@SP:
SPSP-2 IRR D4 SPSP +1
@SEPe—FC, PC@SP;
PCeost SPe-SP+2;
CCF EF % - - - - - IMR(7)«1
CeNOTC JP cc, dst DA oD - - - -
CLR dst R BO - - - .- if cc is true, c=0-F
dste=0 IR B1 PCe—dst IRR 30
COM dst R 60 - % % 0 - - JR cc, dst RA cB - - - - -
dste~NOT dst IR 61 if cc is true, c=0-F
PC«PC +dst
CP dst, src t Al '] ¥ % ok k - - Range: +127,
dst —src -128
DA dst R 40 k %k 3k X - - LD dst, src r Im 1C e
dst«—DA dst IR 41 dste—src r R 18
DEC dst R 0 Tk k- - e
dste—dst — 1 R 01 COX o7
DECW dst RR 80 - % ok ok - - X r D7
dste—dst — 1 R 81 ror E3
Irr F3
DI 8F - - - - - - R R E4
IMR(7)«0 R IR E5
DINZ', dst RA A . R IM B
] 0—F R M E7
el r=0- R R F5
ifr#0
PC«PC +dst LDC dst, src roIm C2 - - - - - -
Range: +127, dste=src
-128
LDCI dst, src IrIrC3 - - - - - -
El 9F - - - - - dste—src
IMR(7)¢1 re—r+1;mre=rm+1
HALT G - - - - -- NOP FF
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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
OR dst, src T 41 - ok ok 0 - - STOP 6F 1 - - - - -
dste—dst OR src
< SUB dst, src t 201 * sk sk ok 1 ok
POP dst R 50 - - - - - dste—dste=src
dste—@SP; R 51
SPesp s SWAP Gt R Fo X % % X - -
IR F1
PUSH src R 70 N ) B
SP&-SP-1; R 7 [ ]
@SPe-src
< TCM dst, src t 6l ] - ok ok 0 - -
RCF CF 0 - - - - - (NOTdst)
Ce0 AND src
RET AF T TM dst, src t 7M1 - % ok 0 - -
PC«@SP; dst AND src
SPeSP +2
oY WDH o T
RL dst R 90 k ok ok ok - -
5 R o woT 5F XXX - -
— XOR dst, src 1 B[] - % % 0 - -
RLC dst R 10 % ok x k- - Bled
R 11 XOR src
l--
t These instructions have an identical set of addressing modes, which
RR dst R EO % sk ok ok - - are encoded for brevity. The first opcode nibble is found in the instruction
R E1 set table above. The second nibble is expressed symbolically by a‘[ T’
[ ] in this table, and its value is found in the following table to the left of the
applicable addressing mode pair.
RRC dst R c0 * ok ok ok - - For example, the opcode of an ADC instruction using the addressing
IR c1 modes r (destination) and Ir (source) is 13.
SBC dst, src 1 31 * %k ok ok 1ok Address Mode Lower
dste—dste—srce—C dst src Opcode Nibble
SCF DF 1 - - - - - r r [2]
Ce
SRA dst R DO * % % 0 - - ’ I (3]
| D1
— RR [4)
kx
R IR [5]
SRP dst Im 31 - - - - -
RPsrc R IM (6]
IR M [7]
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OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B o3 D E F
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5 6.5 [12/10.5|12/10.0] 6.5 12.10.0| 65
0 DEC | DEC ADD | ADD | ADD ADD | ADD | ADD LD LD DJINZ JR LD JP INC
R1 IR1 r1,r2 | r1,Ir2 |R2,R1 [IR2, R1| R1, IM ] IR1,IM]| rt,R2 | r2, R1 | r1,RA |cc, RA | r1,IM |cc, DA rn
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
1 RLC RLC ADC | ADC | ADC ADC | ADC | ADC
R1 IR1 r1,r2 | r1,1r2 [R2,R1 |IR2, R1{ R1, IM | IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
2 INC INC suB SUB | SUB SuB SUB | suB
R1 IR1 r1,r2 | r1,1r2 |R2, R1 |IR2, R1| R1,IM| IR1, IM
8.0 6.1 6.5 6.5 10.5 10.5 105 10.5
3 JP | SRP | sBC | SBC | sBC | sBC | sBC | sBC
IRR1 M r,r2 | r1,Ir2 |R2,R1 |IR2, R1| R1,IM} IR1, IM
85 8.5 6.5 6.5 10.5 10.5 10.5 105 4.0
4 DA DA OR OR OR OR OR OR WDH
R1 IR1 r1,r2 | r1,1r2 {R2,R1 |IR2, R1| R1,IM | IR1, IM
10.5 10.5 6.5 6.5 10.5 10.5 10.5 105 6.0
5 POP POP | AND | AND | AND | AND | AND AND wWDT
R1 IRt | r1,r2 | r1,1r2 {R2,R1 |IR2, R1| R1,IM | IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 105 6.0
6 COM {|COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
E R1 IR1 r1,r2 | r1,1r2 |R2,R1 |IR2, R1| R1,IM | IR1, IM
k3 10M12.1{12/14.1] 656 6.5 10.5 105 10.5 10.5 7.0
o 7 PUSH | PUSH | TM ™ ™ ™ ™ ™ HALT
ﬂ R2 1R2 ri,r2 | r1,1r2 |R2,R1 |IR2, R1}] R1,IM | IR1, IM
z 105 [ 105 T 120 [ 180 6.1
% 8 |pecw|pecw| LpE | LoEI DI
§ RR1_| IRY |r1 irr2 firt irr2
6.5 65 | 120 | 180 6.1
9 RL RL LDE LDEI El
R1 IR1 112 Irrt |Ir2, rrt
10.5 10.5 6.5 6.5 10.5 105 10.5 10.5 14.0
A INCW | INCW CcP cP CP cpP CP CP RET
RR1 IR1 r1,r2 | r1,1r2 | R2, R1 |IR2, R1| R1,IM]IR1, IM
6.5 6.5 6.5 6.5 105 105 105 10.5 16.0
B CLR CLR XOR | XOR | XOR XOR | XOR | XOR IRET
R1 IR1 r1,r2 | 1,12 |R2, R1 | IR2, R1] R1, IM|IR1, IM
6.5 6.5 12.0 18.0 10.5 6.5
[ RRC | RRC LDC | LDCI LD RCF
R1 IR1 ri, Irr2 ] Ird, Irr2 r1,x,R2
6.5 6.5 12.0 18.0 20.0 20.0 105 6.5
D SRA | SRA LDC | LDCI | CALL* CALL LD SCF
R1 IR1 r1,Irr2 {Ir1, Ir2 | IRR1 DA | r2x,R1
6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,IR2 | R2, R1 ]IR2, R1| R1, IM | IR1, IM
. 85 8.5 6.5 10.5 6.0
SWAP | SWAP LD LD NOP
R1 IR1 Ir1, r2 R2, IR1 ' ' v + ' ' #
' v ~ v ~—
2 2 3 1
Bytes per Instruction
A-OW‘Z" Legend:
. Nibble R = 8-bit Address
Execution Pipeline r = 4-bit Address
Cycles 1 Cycles R1or r1 = Dst Address
4 R2 or r2 = Src Address
Upper 10.5
Opcode —ea] ¢l Mnemonic Sequence:
Nibble R1,R2 Opcode, First Operand,
/ Second Operand
First Second Note: Blank areas not defined.
Operand Operand

*2-byte instruction appears as
a 3-byte instruction
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PACKAGE INFORMATION

. ' SYMBOL MILLIMETER INCH
o I o 0 s v O v B e O s M s B o | MIN MAX MIN MAX
f Al 05t | o8t 020 032
[( El A2 325 | 343 128 135
— | B 038 | 053 | 015 021
© ® B 114 | 165 | 045 | 0es
E c 023 | 038 | 009 | o015
b D 2235 | 2337 | 880 | 920
E 762 | 813 | 300 | 320
. 31 622 | 648 | 245 | 255
) 254 TYP 100 TYP
b e — eh 787 | 885 | 3i0 350
L 318 | 381 | 125 | 1s0
ot 152 | 165 | 060 | .065
s 089 | 165 | 035 | 065
|
r Q1 r A2
& CONTROLLING DIMENSIONS : INCH
U L
Al
- b5 G} B
18-Pin DIP Package Diagram
D
P
g 1 X r
HAHAHAHAE "
q « ) "
d
HHHHEEHEE T
10 18 >er
al MILLIMETER INCH
— i JF—-, SYMBOL UIN | max | MIN | MAX
a2 — # A 240 | 265 | 094 | 104
1 Al 010 | 030 | o004 | o2
a2 224 | 244 | 088 | 096
2 B SEATING PLANE B 036 | 046 | 014 | 018
C 023 | 030 | 009 | o
D 1140 | 1175 | 449 | 463
3 740 | 760 | 291 | 299
CONTROLLING DIMENSIONS « MM 8 127 TYP 050 TYP
LEADS ARE COPLANAR WITHIN .004 INCH. H 1000 | 1065 | 394 | 419
h 030 | 040 | 012 | 016
L 060 | 100 024 | 039
[ 097 7| 107 038 042

18-Pin SOIC Package Diagram
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ORDERING INFORMATION

Z86C08
8 MHz 12 MHz
Z86C0808PSC Z86C0812PSC
Z86C0808PEC Z86C0812PEC
Z86C0808SEC Z86C0812SEC
Z86C0808SSC Z86C0812SSC

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

Package
P = Plastic DIP
S=S80IC

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

Speed
08 =8 MHz
12 =12 MHz

Environmental
C = Plastic Standard

Example:
Z 86C08 08 P S C is a Z86C08, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix

lT_
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Introduction

286C07 28° CMOS
8-Bit Microcontroller

286C08 28° CMOS
8-Bit Microcontroller

Z86E08 Z8° CMOS 8-Bit
OTP Microcontroller

286C11 28° CMOS
Microcontroller

286C12 28° CMOS
In-Circuit Emulator MCU

286G21 28° CMOS
8K ROM Microcontroller
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PRODUCT SPECIFICATION

Z86E08

CMOS Z8® 8-BIT
MICROCONTROLLER

FEATURES

B 8-Bit CMGS Microcontiolier

B 18-Pin DIP Package

m Low Cost

B Low Noise Programmable

B  ROM Protect Programmable

B 4.0V to 5.5V Operating Range

m Low Power Consumption - 50 mW (Typical)
B Fast Instruction Pointer - 1 us @ 12 MHz
B Two Standby Modes - STOP and HALT
® 14 Input/Output Lines

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

m 2 Kbytes of One Time PROM
B 144 Bytes of RAM

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

B Six Vectored, Priority Interrupts from Five Different
Sources.

B Clock Speeds - 8 and 12 MHz
B Watch-Dog Timer

B Power-On Reset

B Two On-Board Comparators

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

GENERAL DESCRIPTION

The Z86E08 Microcontroller (MCU) introduces a new level
of sophisticationto single-chip architecture. The Z86E08is
amember of the Z8 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 Z86EO8 has a flexible I/O 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.

For applications which demand powerful I/O 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 /O, 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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Z86E08 CMOS Z8®
8-BIT MICROCONTROLLER

GENERAL DESCRIPTION (Continued)

To unburden the program from coping with real-time tasks
such as counting/timing and I/O data communications, the
ZB86EO08 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).

Input

It

Port 3

Counter/
Timers (2)

Interrupt
Control

Two Analog
Comparators

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

Power connections follow conventional descriptions below:

Connection Circuit

Device

VCC
GND

Vv,

DD
ss

Vce GND

XTAL

5

Méchine

it ft_ft 1]

Y

ALU

FLAG

Register
Pointer

NZ

Control

Timing & Inst.

—

OTP

2048 x 8-Bit

Preram

General Purpose
Register File
124 x 8-Bit

Counter

ﬁ

7

Port 2

T

(Bit Programmable)

Figure 1.

1y

Port 0

H

Functional Block Diagram
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. Z86E08 CMOS Z8°
‘s 205 8-BIT MICROCONTROLLER
l} D7-D0
zsmcu [— /\ -
MoAD| 2 | A10AD J\
73
>l Address  f—nN % 2K <:D >§< E
Counter |—/ < EPROM 8 Q
A10-A0 b7Do| = ©
fa)
. ROM PROT N
3 Bits Low Noise
/ \ D7-DO
PGM
Mode Logic
Clear Clock EPM /CE PGM VPP /OE
PO0 POt P32 XT1 P02 P33 P31
Figure 2. EPROM Mode Block Diagram
PIN DESCRIPTION
Table 1. EPROM Mode Pin Identification N
D4 ] 1 18 tl D3
Z86E08 EPROM Mode
Pin#  Symbol Function Direction ps [ 2 17 [ D2
1-4 D7-D4  Data4 56,7 In/Output pe ] 3 16 [] D
5 Vee Power Supply Input D7 [] 4 15 | ] po
6 N/C No Connection Z86E08
7 ICE Chip Enable Input vee [ 5 14 [1 GND
8 JOE Output Enable Input Nne [ s 13 ] /PGM
9 EPM EPROM Prog Mode Input ce [ 7 12 [0 cLock
10 V Prog Voltage Input LEA
11 CT;ar Clear Clock Input /OE E 8 " ﬂ CLEAR
12 Clock Address Input EPM[] o 10 [ vep
13 /PGM Prog Mode Input
14 GND Ground Input EPROM Mode
15-18  D3-DO Data0,1,2,3 In/Output

Figure 3. EPROM Mode Pin Configuration
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Z86E08 CMOS Z8°®
8-BIT MICROCONTROLLER

PIN DESCRIPTION

Table 2. Standard Mode Pin Identification
Z86E08 Standard Mode

Pin# Symbol Function Direction
1-4 P27-P24  Port 2, Pins 4,5, 6,7 In/Output
5 Vo Power Supply Input

6 XTAL2 Crystal Osc. Clock  Output

7 XTAL1 Crystal Osc. Clock  Input

8 P31 Port 3, Pin 1 Input

9 P32 Port 3, Pin 2 Input

10 P33 Port 3, Pin 3 Input
11-183  P02-PO0  Port 0, Pins 0, 1, 2 Input/Output
14 GND Ground Input
15-18 P23-P20 Port2, Pins 0, 1,2, 3 In/Output

P24|j 1 - 18 |] P23
P25 [] 2 17 [ P22
P[] 3 16 |1 P21
P27 [] 4 z86E08 1° 1 P20
vee [] 5 14 ] aND
xmaL2 [ 6 13 |1 Po2
xTaLt [} 7 12 |1 Pot
P31 [] s 1 d Poo
p32[] o 10 [ Pa3

Standard Mode

Figure 4. Standard Mode Pin Configuration

PIN FUNCTIONS
OTP Programming Mode

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

V.. Power Supply. Itis 5V during the EPROM Read mode
and 6V during the other mode.

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

IOE Output Enable (active Low). This pin drives the Data
Bus direction. When this pin is Low, the Data Bus is output.
When High, the Data Bus is input.

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

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

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

Clock Address Clock. This pinis aclock input. The internal
address counter increases by one with one clock signal.

/PGM Program Mode (active Low). Low Level at this pin
programs the data to the EPROM through the Data Bus.
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Z286E08 CMOS 28®
8-BIT MICROCONTROLLER

Z86E08 Standard Mode

XTAL1, XTAL2 Crystal In, Crystal Out (time-based input
and output, respectively). These pins connect a parallel-
resonant crystal, LC, or an external single-phase clock
(12 MHz max) to the on-chip clock oscillator and buffer.

Port 0, P02-P00. Port O is a 3-bit bi-directional, CMOS
compatible 1/O port. These three |/O lines can be globally
configured under software control to be an input or output
(Figure 5).

Z86E08 [|W—— Port 0 (1/0)

In ]

Open {>0 : I

Out ]
1.5~ 2.3 Hysteresis

PAD

—_— e ——

|
| | AutoLateh
|
|

—_——— — —

Figure 5. Port 0 Configuration
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Z286E08 CMOS Z8°®
8-BIT MICROCONTROLLER

Z86E08 Standard Mode (Continued)

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

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

<——————>\

Z86E08

-—
> Port 2 (1/0)

I Port 2

Open Drain

Open

PO S

PAD

Out

1.5-4—» 2.3 Hysteresis

Auto Latch
MY |
I

Figure 6. Port 2 Configuration
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Z86E08 CMOS Z8®
8-BIT MICROCONTROLLER

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

Z86E08 (@— —— Port 3
r———
0 = Digital

R247 = P3M 1 = Analog

[o] |

DIG.

D P31 (AN1)

PAD

|:|L P32 (AN2)
PAD

P33 (REF)

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

IRQ3

Figure 7. Port 3 Configuration

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

P31
Latch
IRQ2

IRQ3
P32 Data

o Latch

IRQO

P33 Data
Latch
IRQ1
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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/D conversion, voltage scaling, and
threshold detection. In analog mode, P33 input functions
serve as a reference voltage to the comparators.

The dual comparator (common inverting terminal) features
a single power supply which discontinues power in STOP

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

SPECIAL FUNCTIONS

The Z8 MCU incorporates special functions to enhance the
Z8's application in industrial, scientific and advanced
technologies applications.

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

circuit waits for 50 pusec plus 18 crystal clocks and then
starts program execution at address 000C (Hex). Refer-
ence Table 3 for the ZB6EO8 control registers' reset values
(Figure 8).

INT OSC XTAL OSC
POR 1 1
(Cold Start) y
. Chip Reset
| Delay Line 18CLK |
50 msec 7| Reset Filiter
P27
(Stop Mode)

Figure 8. Internal Reset Configuration

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

Power bad to power good status
Stop-Mode Recovery

WDT time out

WDH time out

Watch-Dog Timer Reset. The WDT is aretriggerable one-
shot timer that resets the Z8 if it reaches its terminal count.
The WDT is initially enabled by executing the WDT instruc-
tion and is retriggered on subsequent execution of the
WDT instruction. The timer circuit is driven by an on-board
RC oscillator.
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Table 3. Z86E08 Control Registers

Reset Condition

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

F1 T™MR 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 PREOQ U 0] 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

F8* PO1M 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 6] U u u u u

Note:

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

Program Memory. The Z86E08 addresses up to 2 Kbytes  These locations contain six 16-bit vectors that correspond
of internal program memory (Figure 9). The first 12bytesof  to the six available interrupts. Bytes 0-2048 are on-chip
program memory are reserved for the interrupt vectors.  one-time programmable ROM.

2048
Location of On-Chip
First Byte of ROM
Instruction
AﬂeE)l(:!el‘E:gtlg'? >—\; _______
11 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
Interrupt IR3
(LOWGI\’/S():':S; 6\ IRG3
5 ™ IRQ2
Interrupt 4/ nd IRQ2
(Uppeygag; 3 IRQ1
2 IRQ1
1 IRQO
0 IRQO

Figure 9. Program Memory Map
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Z86E08 CMOS Z8®
8-BIT MICROCONTROLLER

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 R0-R3, R4-R127 and R241-R255,
respectively (Figure 10). General purpose registers oc-
cupythe 04Hto 7FH address space. |/O ports are mapped
as per the existing CMOS Z8. The Mode and Configuration
Registers are the same as the Z86C08. The Z86E08

Location Identifiers
255 Stack Pointer (Bits 7-0) SPL
254 General Purpose Register GPR
253 Register Pointer RP
252 Program Control Flags FLAGS
251 Interrupt Mask Register HMH
250 Interrupt Request Register IRQ
249 Interrupt Priority Register IPR
248 Ports 0-1 Mode PO1M
247 Port 3 Mode P3M
246 Port 2 Mode P2M
245 TO Prescaler PREO
244 Timer/Counter 0 TO
243 T1 Prescaler PRE1
242 Timer/Counter 1 T1
241 Timer Mode TMR
127 Not Implemented

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

Figure 10. Register File

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.

1

|r7r6r5r4|r3r2r1r0

R253
(Register Pointer)

The upper nibble of the register file address

provided by the register pointer specifies
the active working-register group.
} R15 to RO

[ FF
Fo

7F

70
6F

60
5F

50
4F

— The lower nibble
40 of the register
3F " ) file address

 _ Spea_fled Working «@—}— provided by the
30 Register Group instruction points
2F to the specified

| S— register.

20
1F

—— Register Group 1 R15to RO
10
OF .

Register Group 0 R15to R4
1/0 Ports R3 to RO

00

Figure 11. Register Pointer
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Z86E08 CMOS Z8°®
8-BIT MICROCONTROLLER

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 1to 64. Each prescaler
drives its counter, which decrements the value (1 to 256)
that has been loaded into the counter. When both counter
and prescaler reach the end of count, a timer interrupt
request IRQ4 (TO) or IRQ5 (T1) is generated.

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

The counters, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and is either the internal
microprocessor clock divided-by-four, or an external sig-
nal input through Port 3. The Timer Mode register config-
ures the external timer input (P30) as an external clock, a
lrigger input that is retriggerable or not retriggerabie, or
used as a gate input for the internal clock.

Internal Data Bus

wiey J)

Write * if Read * ﬁ

0SsC PREO
Initial Value Initial Value Current Value
’ Register Register Register
iy iyl
6-Bit 8-bit
» 4 | Down ] Down
Counter Counter L = RQ4
— |nternal Clock
|
External Clock
Clock
Logic
6-Bit 8-Bit L » |RQS
»| +4 Down - Down
\ Counter Counter
Internal Clock i i i i 1
Gated Clock PRE1 T T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
TIN P31

Write + ﬂ

Write * ﬂ

Read* U

Internal Data Bus

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

Interrupts. The Z86E08 has six interrupts from five differ-
entsources. 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 ZB6EO8 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) IRQS 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

{

IRQ

Global
Interrupt
Enable

T

M

D_

IMR

/6

IPR

|

Interrupt
Request

PRIORITY
LOGIC

1y

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.

XTAL1
C1 _[: | C1

Vss

XTAL2

c2

c2
Vss* *

Vss

T

L

Ceramic Resonator
or Crystal

* Device Ground Pin

LC Clock

The crystal should be connected across XTAL1 and XTAL2
using the vendors crystal recommended capacitors (ca-
pacitanceis between 10 pFto 250 pF depending upon the
crystal manufacturer, ceramic resonator and PCB layout)
from each pin to device ground pin (Figure 14).

——DO——- XTALA1

XTAL1

XTAL2 — XTAL2

External Clock

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 I, in HALT state is |, (run mode) divided-
by-ten. Aninterruptrequest must be executed (enabled)to
exit HALT mode. After the interrupt service routine, the
program continues from the instruction after the HALT.

STOP Mode. This instruction turns off the internal clock
and external crystal oscillation and reduces the standby
currentto 10 uA. The STOP Mode is released by a RESET
through a Stop-Mode Recovery (pin P27). Program execu-
tion begins at location 000C (Hex). However, when P27 is
used to release the STOP Mode, the I/O port mode regis-
ters are not reconfigured to their default power-on condi-
tions. This prevents any I/O, 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 (WDT). The Watch-Dog Timer is en-
abled by instruction WDT. When the WDT is enabled, it
cannot be stopped by the instruction. With the WDT
instruction, the WDT is refreshed when it is enabled within
every 15 usec; otherwise, the Z86EQ8 resets itself.

WDT = 5F (Hex)

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




N 205
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SPECIAL FUNCTIONS (Continued)

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

Vce
(Volts)

Auto Reset Voltage (V.;). The Z86E08 has an auto-reset
built-in. The auto-reset circuit resets the Z86E08 when it
detectsthe V, below V.. Figure 15 shows the Auto Reset
Voltage vs temperature.

2.50

2.45

/

2.40

235

2.30

2.25

2.20

Temp

-5°C

25°C 75°C

Figure 15. Typical Auto Reset Voltage (V. ) vs Temperature
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Low EMI Emission

The Z86EO8 can be programmed to operate in a low EMI
emission mode by means of an EPROM programmable bit
option. Use of this feature results in:

B Lessthan 1 mA consumed during HALT mode.

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

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

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

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

Besides V,and GND (V), the Z86E08 changes all its pin
functions in the EPROM mode. XTAL2 has no function,
XTAL1 functions as /CE, P31 functions as /OE, P32 func-
tions as EPM, P33 functions as V,,, and P02 functions as
/PGM.

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
LDCI (Z86E08 and Z86C08 do not support the instructions
of LDE and LDEI).

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

Table 5. OTP Programming Table

Programming Modes Device Ve EPM /CE /IOE /PGM  ADDR DATA V *
EPROM READ1 Al X v, A V,, ADDR  Out 45V
EPROM READ2 Al X v, A V,, ADDR  Out 55V
PROGRAM Al v, X VooV, V, ADDR In 60V
PROGRAM VERIFY All Vy X Vi Vi VIH ADDR Out 6.0V
EPROM PROTECT Al v, v, Vv, Vv, v, NU NU B0V
LOW NOISE SELECT E08 Y v, v, Vv, v, NU NU 60V
Notes

Vy 12.5V £0.5V

Vi As per specific Z8 DC specification.

As per specific Z8 DC specification.

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

lec during programming, verify, or read = 40 mA maximum.
* V¢ has a tolerance of £0.25V.
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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.

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 Z86EO8 programming algorithm.

Table 6. Timing of Programming Waveforms

Parameters Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 us
3 V., Setup 2 us
4 Ve Setup Time 2 us
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 /OE Setup Time 2 us
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns
11 Overprogram Pulse Width 2.85 ms
12 EPM Setup Time 2 us
13 /PGM Setup Time 2 us
14 Address to /OE Setup Time 2 us
15 Option Program Pulse Width 78 ms
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P01 = Clock

A b
POO = Clear j \
Internal
Address

Vih > 0 Min

Data Vil Invalid X Valid X InvalidX ValidX

Legend:

T1 Reset Clock Width 30 ns Min

T2 Input Clock High 30 ns Min

T3 Input Clock Period 70 ns Min

T4 Input Clock Low 30 ns Min

T5 Clock to Address Counter Out Delay 15 ns Max

Figure 16. Z86E08 Address Counter Waveform
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Low EMI Emission (Continued)

VIH

Address VIL X Address Stable X Address Stable X
|<-o Min >4

VIH
Data VL Invalid ' XValid Xnvalid XValid X
ok
VH ®
VPP f
VIL \
VH ¢
9.
EPM
VIL ’—\__
o @ e 5.5V {
VCe /
4.5V
VIH
X
ICE
VIL \ t’_/—
.
VIH —| OMin  |e— P
h 97
JOE
VIL \_/_\_/
VIH (
9.
/PGM
VIL I_—\_
@ —

Figure 17. Z86E08 Programming Waveform
(EPROM Read)
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ViH
Address x Address Stable X
ViL
VIH — ®
Data i
ViL X Data Stable Data Out Valij P
- @
N ”\_
VPP
VIH
(i
VH
EPM i s
VIL
o , f
vCC ’
4.5V
ViH ® - @
ICE ’\
ViL P¢
4-@-» ’
VIH
/OE
ViL
VIH
/PGM h
ViL
6 ®)
11
[¢&—————— Program Cycle [«—— Verify Cycle ——

Figure 18. Z86E08 Programming Waveform
(Program and Verify)
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Low EMI Emission (Continued)

Address

Data

VPP

Vce

/CE

/OE

EPM

/PGM

VIH

VIH

VIL

ViH

VIH

VIH

f

A

6 N
%

ViL

VIH
ViL

VIH

ViL

Vo

o

EPROM Protect

o~

Low Noise

Figure 19. Z86E08 Programming Waveform
(EPROM Protect and Low EMI Program)
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Addr =
First Location

Y

Vee = 6.0V

Vpp =125V

Program

Increment
Address

1 ms Pulse

v

Increment N

Prog. One Pulse
3xN ms Duration

!

Last Addr ?

Vee = Vpp =4.5V

P

ass

Fail

Vee = Vpp =5.5V

G)evice Failed)

erify All
Bytes

Device Passed

Figure 20. Z86E08 Programming Algorithm
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N2iLa5
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Min Max Units
Vee Supply Voltage* -0.3 +7 Vv
. Storage Temp 65 +150 C
A Oper Ambient Temp T T C
Notes:

* Voltages on all pins with respect to GND.
+ See Ordering Information

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specifications is notimplied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

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

+5V

21kQ

From Output ° o
Under Test

150 pF = 9.1kQ

Il

Figure 21. Test Load Diagram

CAPACITANCE
T,=25°C, V., =GND =0V, f =1.0 MHz, unmeasured pins to GND.
Parameter Max
Input Capacitance 10 pF
Output Capacitance 20 pF
1/O Capacitance 25 pF

V. SPECIFICATION

45V1t05.0V+ 05V
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DC ELECTRICAL CHARACTERISTICS

T,=0°Cto +70°C Typical
Symbol Parameter Ve Min Max @25°C Units Conditions
Max Input Voltage 4.5V 12 v V), =250 pA
5.5V 12 v V), =250 pA
Veu Clock Input High 45V 0.7V, V0.3 24 v Driven by External
Voltage Clock Generator
5.5V 0.7V, V0.3 26 v Driven by External
Clock Generator
Vo, Clock Input Low 45V V0.3 02V, 16 - Driven by External
Voltage Clock Generator
5.5V V0.3 02V, 23 v Driven by External
Clock Generator
Vi Input High Voltage 45V 0.7V, V+0.3 2.1 v
5.5V 0.7V, V0.3 27 v
v, Input Low Voltage 4.5v V0.3 02V, 12 v
5.5V V0.3 02V 17 v
Vou Output High Voltage 45V V0.4 39 v loy =—2.0 mA
5.5V V0.4 5.4 v low=—2.0mA
Vau Output Low Voltage 45V 08 0.2 v lo, =+4.0 mA
5.5V 0.4 02 v lo, = +4.0 mA
Vou Output Low Voltage 4.5V TBD 0.7 v lo, = +12mA,
3 Pin Max
5.5V 08 05 v o =+12mA,
3 Pin Max
Voreser Comparator Input 4.5V 10 6 my
Offset Voltage
5.5V 25 7. mv
Vigr Auto Reset Voltage 1.55 2.7 24 v
L Input Leakage 4.5V -1.0 1.0 1.0 pA V=0V, V.
(Input Bias Current 55V -1.0 1.0 1.0 pA Vi =0V, Ve,
of Comparator)
o, Output Leakage 4.5V -1.0 1.0 1.0 pA V=0V, V.
5.5V -1.0 1.0 1.0 pA w= 0V, Ve
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DC ELECTRICAL CHARACTERISTICS (Continued)

T,=0°C to +70°C Typical
Symbol Parameter Ve, Min Max @25°C Units Conditions
lec Supply Current 45V 40 2.2 mA All Output and 1/Q Pins
(Standard Mode) Floating @ 2 MHz
55V 7.0 5.0 mA All Output and I/0 Pins
Floating @ 2 MHz
45V 9.0 45 mA All Output and /0 Pins
Floating @ 8 MHz
55V 11.0 8.3 mA All Output and /0 Pins
Floating @ 8 MHz
45V 10 6.1 mA All Qutput and /0 Pins
Floating @ 12 MHz
5.5V 15 108 mA All Qutput and I/0 Pins
Floating @ 12 MHz
lect Standby Current 45V 25 05 mA HALT Mode V,, =0V,
(Standard Mode) Ve, @2 MHz
5.5V 40 1.0 mA HALT Mode V,, = 0V,
Ve, @2 MHz
45v 40 1.0 mA HALT Mode V,, = 0V,
V, @8 MHz
5.5V 5.0 2.0 mA HALT Mode V,, =0V,
V. @8 MHz
45V 5.0 1.3 mA HALT Mode V,, =0V,
Ve, @12 MHz
5.5V 7.0 2.3 mA HALT Mode V,, =0V,
Ve, @12 MHz
leg Supply Current 45V 40 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 I/0 Pins
Floating @ 1 MHz
45V 6.0 2.9 mA All Output and I/0 Pins
Floating @ 2 MHz
5.5V 9.0 55 mA All Output and I/0 Pins
Floating @ 2 MHz
45V 8.0 44 mA All Output and I/0 Pins
Floating @ 4 MHz
5.5V 11.0 7.9 mA All Output and I/0 Pins
Floating @ 4 MHz
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T,=0°Cto +70°C Typical

Symbol Parameter Ve Min Max @25°C Units Conditions
leey Standby Current 4.5V 12 04 mA HALT Mode V,, =0V,
(Low Noise Mode) Ve @1 MHz
5.5V 16 09 mA HALT Mode V= OV,
V. @1MHz
4.5V 15 05 mA HALT Mode V= 0V,
V. @2 MHz
5.5V 19 1 mA HALT Mode V= 0V,
V. @2 MHz
4.5V 20 08 mA HALT Mode V= 0V,
V. @4 MHz
5.5V 24 13 mA HALT Mode V,, = 0V,
V. @4 MHz
leco Standby Current 45V 10 1.0 pA STOP Mode V,, =0V,
V. WDT is not Running
5.5V 10 1.0 A STOP Mode V= 0V,
V.. WDT is not Running
le Auto Latch Low Current 4.5V =10 -33 pA 0V <Vy <V
5.5V -70 6.5 pA V<V, <V,
hus Auto Latch High Current 45V 10 -6.0 pA 0V <V <V,
5.5V 15 11.5 pA 0V <V, <V
Notes:
11 gy Typ Max Unit Freq
Clock Driven on Crystal 3.0 5.0 mA 8 MHz
or XTAL Resonator 0.3 5.0 mA 8 MHz

[2] Vg =0V=GND
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AC ELECTRICAL CHARACTERISTICS

| () | 3

G

Clock

IRQ

Figure 22. Electrical Timing Diagram
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AC ELECTRICAL CHARACTERISTICS
Low Noise Mode

T,=0°C to +70°C

1 MHz 4 MHz
No  Symbol Parameter Ve Min Max Min Max Units Notes
1 TpC Input Clock Period 45V 1000 250 100,000 ns [1]
55V 1000 250 100,000 ns [1]
2 TrC,TiC Clock Input Rise 4.5V 25 25 ns (1]
and Fall Times
55V 25 25 ns
3 TwC Input Clock Width 45V 450 100 ns 1]
5.5V 450 100 ns [
4 TwTinL Timer Input Low Width 45V 100 100 ns [1]
5.5V 70 70 ns 1]
5 TwTinH Timer Input High Width 45V 1.5TpC 1.5TpC 1]
5.5V 1.5TpC 1.5TpC [1]
6 TpTin Timer Input Period 45V 4TpC 4TpC [1]
5.5V 4TpC 4TpC 1]
7 TrTin, Timer Input Rise 45V 100 100 ns [1]
TtTin and Fall Timer
5.5V 100 100 ns 11
8 TwiL Int. Request Input 45V 100 100 ns [1,2]
Low Time
5.5V 70 70 ns [1,2]
9 TwiH Int. Request Input 45V 1.5TpC 1.5TpC (1]
High Time
5.5V 1.5TpC 1.5TpC [1.2]
10 Twdt Watch-Dog Timer 45V 20 20 ms (1]
Delay Time
5.5V 15 15 ms (1]
1 TPOR Power-On 45V 100 100 ms [1]
Reset Time 5.5V 90 90 ms 1]
Notes:

[1] Timing Reference uses 0.9 V. for alogic 1and 0.1V for a logic 0.

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

3-27




. Z86E08 CMOS Z6°
@ alm 8-BIT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Standard Mode, Standard Temperature

T, =0°C to +70°C

8 MHz 12 MHz
No  Symbol Parameter Ve Min Max Min Max Units Notes
11 TpC Input Clock Period 45V 125 100,000 83 100,000 ns [1]
5.5V 125 100,000 83 100,000 ns [1]
2 TiC,TIC Clock Input Rise 45V 25 15 ns [1]
and Fall Times
5.5V 25 15 ns
3 TwC Input Clock Width 45V 37 26 ns (1]
5.5V 37 26 ns )]
4 TwTinL Timer Input Low Width 45V 100 100 ns [1]
5.5V 70 70 ns (1
5 TwTinH Timer Input High Width 45V 3TpC 3TpC (1]
5.5V 3TpC 3TpC 1]
6 TpTin Timer Input Period 45V 8TpC 8TpC [1]
5.5V 8TpC 8TpC )
7 TrTin, Timer Input Rise 45V 100 100 ns [1]
TtTin and Fall Timer
5.5V 100 100 ns (1]
8 TwiL Int. Request Input 45V 100 100 ns [1.2]
Low Time
55V 70 70 ns 1,21
9 TwiH Int. Request Input 45V 3TpC 3TpC [1]
High Time
5.5V 3TpC 3TpC 12]
10 Twdt Watch-Dog Timer 45V 50 50 ms (1]
Delay Time
5.5V 45 45 ms (1]
1 TPOR Power-On 45V 100 100 ms
Reset Timer 5.5V 90 90 ms
Notes:

[1] Timing Reference uses 0.9 V. for a logic 1 and 0.1V for a logic 0.
[2] Interrupt request through Port 3 (P33-P31)
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Z8 CONTROL REGISTERS

R241 TMR
ID7|D6|D5ID4IDa|D2|D1|Eﬂ
|—— 0 No Function
1

Load TO

Disable TO Count
Enable TO Count

- o

No Function
Load T1

Disable T1 Count
Enable T1 Count

- o

- O

TiNModes

00 External Clock Input

01 Gate Input

10  Trigger Input
(Non-retriggerable)

11 Trigger input
(Retriggerable)

TouT Modes

00 Not Used

01 TOOut

10 T1 Out

11 Internal Clock Out

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

R242T1
[o7] s [ 05| 04 ] 03] o2 ] o1 |M
; T4 Initial Value

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

Tq Current Value
(When READ)

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

R243 PRE1
|D7|De|Ds|D4|Da|Dz|m|Do|

|— Count Mode

0=T4 Single Pass
1=T4 Modulo N

Clock Source
1=Ty Internal
0 = T4 External Timing Input
(Tin) Mode

Prescaler Modulo

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

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

R244TO
ID7|Ds|Ds|D4|Da||:>2|D1IDoI

I— Tp 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)

R245 PREO
|o7] 6] bs [ o4 p3] 02| 1] oo

I— Count Mode

0=T, Single Pass
1=T, Modulo-n

Reserved (Must be 0.)

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

Figure 27. Prescaler 0 Register
(F5H: Write Only)

R246 P2M

ID7|DS|DS|D4|D3|DZ|D1|DOI

L_______ P2 7 - P2 I/O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

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

R247 P3M

|o7] o8| 0s] o4 D3] b2 o1] oo

I— 0 Port 2 Pull-Ups Open-Drain

1 Port 2 Pull-Ups Active

Port 3 Inputs
0 Digital
1 Analog

Reserved (Must be 0.)

Figure 29. Port 3 Mode Register
(F7H: Write Only)
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Z8 CONTROL REGISTERS (Continued)

R248 POTM
|o7] os| 0s] b4 b3 p2| p1] Do

L PO PO, Mode

00 = Output
01 = Input

s Reserved (Must be 0.)
Must be 0.
Reserved (Must be 0.)

Figure 30. Port 0 and 1 Mode Register
(F8H: Write Only)

R249 IPR
|o7] 06| os| p¢] ps| 02| o1 o]

T | L |

Interrupt Group Priority
Reserved = 000
C>A>B=001
A>B>C=010
A>C>B=01
B>C>A=100
C>B>A=101
B>A>C=110
Reserved = 111

e |RQ11, IRQ4 Priority (Group C)
0=IRQ1 > IRQ4
1 =1RQ4 > IRQ1

b |RQO, IRQ2 Priority (Group B)
0 =1IRQ2 > IRQO
1=1RQ0 > IRQ2

IRQ3, IRQ5 Priority (Group A)
0=IRQ5 > IRQ3
1=1RQ3 > IRQ5

Reserved (Must be 0.)

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

R250 IRQ
|o7] bs] os| 04 p3| 02| o1 ] oo

L— IRQO = P32 Input

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

Reserved (Must be 0.)

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

R251 IMR
|o7] s 05| o4] 03] p2| o1 00 |

_: 1 Enables IRQO-IRQ5

(Dy =1RQO)
Reserved (Must be 0.)
1 Enables Interrupts

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

R252 Flags

{07 ] 06 | s | 04| o3| b2 | 1] Do |

I I— User Flag F1
User Flag F2

Half Carry Flag

Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

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

R253 RP
|D7|Ds|05|o4|oa|nz|o1loﬂ

L_ Don't Care

Reqgister Pointer

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

R255 SPL
ID7|DG|D§|D4ID3|DZ|D1|D0|

I— Stack Pointer Lower

Byte (SP7 - SPg)

Figure 36. Stack Pointer
(FFH: Read/Write)
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. Z86E08 CMOS 28®
@ 2iLaL 8-BIT MICROCONTROLLER

OPERATING MODES
Current 16

(ma) lcc at 5.5V
14

10
lcc at 4.0V
/ / B
8
/ -
6 // | lec1 at 5.5V
4 lect at 4.0V
———_—
_”
2

2 3 4 5 6 7 8 9 10 11 12
Frequency (MHz)

Figure 37. Maximum I . and I, vs Frequency in Standard Mode

1

Current lcc at 5.5V
(ma) /
10 P

6 ,/ Icc at 4.0V

4
3 //
/ ~
2
lcc1 at 5.5V
_——_—___—__
1 lect at 4.0V
0
1 2 3 4 5 6 7 8 9 10 11 12
Frequency (MHz)

Figure 38. Typical |, and | ., vs Frequency in Standard Mode
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. 286E08 CMOS Z6°
N 2iLa5 8-B MICROCONTROLLER

OPERATING MODES (Continued)

A
Current 8
(ma) / lcc at 5.5V
7 P
-~
6
5 ,/
4 /
Icc at 4.0V
/
3 //
/
2
1 lcc1 at 5.5V
lcc1 at 4.0V
0 -
1.0 1.5 2.0 2.5 3.0 3.5 4.0
Frequency (MHz)

Figure 39. Typical | . and I, vs Frequency in Low EMI Mode

Current 1t

(ma) / Icc at 5.5V

10 "

8 lcc at 4.0V

lce1 at 5.5V
1 e lcc1 at 4.0V

1.0 1.5 2.0 2.5 3.0 35 4.0
Frequency (MHz)

igure 40. Maximum | and I ., vs Frequency in Low EMI Mode
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. Z86E08 CMOS Z8®
@ 2La5 8-BIT MICROCONTROLLER
Time 80
(Msec)
75 4.0V
/
70
/
65
/
/
60 ] E—
/
55 — |
| 5.0V
/
45 5.5V
// —
- ____.—-———"‘"/ Temp
-5°C 25°C 75°C
Figure 41. Typical POR Time Out Period vs Temperature
Time 34
(Msec)
32 A 4.0V
/
30 /
e
28 —
— 45V
| "1 5.5V
/
16 /
14 | — Temp
-5°C 25°C 75°C

Figure 42. Typical WDT Time Out Period vs Temperature
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ZB6E08 CMOS Z8°
8-BIT MICROCONTROLLER

INSTRUCTION SET NOTATION

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

Symbol Meaning

IRR Indirect register pair or indirect working-
register pair address

Ir Indirect working-register pair only

X Indexed address

DA Direct address

RA Relative address

M Immediate

R Register or working-register address

r Working register address only

IR Indirect-register or indirect working-
register address

Ir Indirect working-register address only

RR Register pair or working register pair

address

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

Symbol Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack pointer

PC Program counter

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

IMR Interrupt mask register (R251)

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

Symbol Meaning

Carry flag

Zero flag

Sign flag

Overflow flag
Decimal-adjust flag
Half-carry flag

TO<WONO

Affected flags are indicated by:

0 Clear to zero

1 Set to one

* Set to clear according to operation
- Unaffected

X Undefined
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. Z8GE0B CMOS 28°
@ ZILGE 8-BIT MICROCONTROLLER

CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 --- Always true -

0111 C Carry C=1

1111 NC No Carry C=0

0110 Zz Zero Z=1

1110 NZ Not zero Z=0

1101 PL Plus S=0

0101 MI Minus S=1

0100 ov Overflow V=1

1100 NOV No overflow V=0

0110 EQ Equal Z=1

1110 NE Not equal Z=0

1001 GE Greater than or equal (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 (COR 2)=1

0000 F Never true (Always False) ---
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Z86E08 CMOS 28°
8-BIT MICROCONTROLLER

INSTRUCTION FORMATS

OPC

[ ast | opC |

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

INCr

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC, OPC | MoDE ADC, ADD, AND, CP,
dstisrc or[1170 [ astsre | PooVbUes: ACmic, src or[1110] s | RO IYE
RR, RRC, SRA, SWAP dst or| 1110 ast
OPC JP, CALL (Indirect)
dst or[1110] ast | opc | MoDE ADC, ADD, AND, CP,
dst or[1110] ot | RTHSeR
OPC SRP VALUE
VALUE
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, src OR| 1110 | src
dst src %ﬁ )szgg, SUB, TCM, dst OR| 1110 dst
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dst/src | src/dst LDC, LDCI dst/src X
ADDRESS
dstisrc | OPC LD
sro/dst or[1110] sc | cc | opc JP
DAU
dst | opPC LD DAL
VALUE
OPC CALL
dstCC | OPC DJNZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY
Note: Assignment of a value is indicated by the symbol  notation "addr (n)" is used to refer to bit (n) of a given
"---". For example: operand location. For example:

dst --- dst + src

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

dst(7)

refers to bit 7 of the destination operand.
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Z86E08 CMOS Z8°®
8-Bir MICROCONTROLLER

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 101 k sk ok 3k 0 % INCdst r 1E -k ok ok - -
dste—dst + src +C dste—dst + 1 r=0-F
ADD G, 51C f o] ¥ % k% 0 % p 2
IR 21
dste—dst + src
dste—dst AND src
CALL ost A 6 ———— IRET . BF * ok ok ok ok ok
FLAGS«@SP;
SP«SP -2 IRR D4
@SP-PC SP«SP +1
Poegst PC@SP;
< PSP +2:
CCF EF ¥ - - - - - IMR(7)¢-1
CeNOTC JP e, dst DA oD oo o -
CLR dst R B0 - . - - - if cc is true, c=0-F
dste0 IR B1 PCe—dst IRR 30
COM dst R 60 - %k % 0 - - JR cc, dst RA ¢B .- - - o
dste=NOT dst R 61 if cc is true, c=0-F
PC«PC + dst
CP dst, st T ALl * ok ok ok - - Range: +127,
dst - src -128
DA dst R 40 % % % X - - LDdstsrc roIm 1C - - - - - -
dst«DA dst IR 41 dste=src r R 8
DEC dst R 00 Tk ok k- - R
dste—dst -1 IR 01 Cox 7
DECW dst RR 80 - %k ok ok - - X 1 07
dste—dst -1 IR 81 roor E3
Iror F3
DI 8F - - - - - - R R E4
DINZ, dst RA A B RIM - E6
R M E7
rer—1 r=0-F R R 5
ifr£0
PCePC + dst LDC dst, sic rom G2 oo -
Range: +127, dstesre
-128
LDCI dst, src Ir Ir C3 - - - - - -
El 9F Tt T Tt dste—src
IMR(7)¢1 et
HALT 7F - reIr+1
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Z86E08 CMOS 28®
8-BIT MICROCONTROLLER

INSTRUCTION SUMMARY (Continued)

Address Opcode

Address Opcode

Instruction Mode Byte Flags Affected Instruction Mode Byte Flags Affected
and Operation dst src  (Hex) CZSVDH and Operation dst src (Hex) CZSVDH
NOP FF - - - STOP 6F T - - - -
OR dst, src t 4] - 0 - SUB dst, src t 2] [ O O G |
dste—dst OR src dste—dste-src
POP dst R 50 - - - SWAP dst R FO X % % X - -
dst«@SP, R 51 ' IR F1
SP«SP +1 EA] EN
[ ]
PUSH src R 70 - - -
SP«SP-1, IR 14l TCM dst, src t 6l ] - %k %k 0 - -
@SPesrc (NOT dst)
RCF CF 0 - AND sre
Ce0 TM dst, src t 711 - %k ok 0 - -
dst AND src
RET AF - - -
PC@SP; WDH 4F - - - - - -
SPeSP+2 wDT 5F X XX - -
RL dst R 90 * * -
R 91 XOR dst, src t Bl ] - % %k 0 - -
dste—dst
XOR src
RLC dst R 10 * * -
(. ] R 1 1 These instructions have an identical set of addressing modes, which
are encoded for brevity. The first opcode nibble is found in the instruction
set table above. The second nibble is expressed symbolically by a ‘[ '
RR dst R EO0 * % - in this table, and its value is found in the following table to the left of the
licable add ing mod ir.
R 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.
IR C1
LU
Address Mode Lower
Ni
SBC dst, src t 3] * kosk 1 dst sre Opcode Nibble
dste—dste—srceC r r [2]
DF 1 - -
gfz r Ir [3]
SRA dst R D0 * .0 - R R (41
R D1
[T o] R IR [5]
kx
R M [6]
SRP dst Im 31 - - -
RP«src IR IM [7]

w
1
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Z86E08 CMOS Z8®
8-BIT MICROCONTROLLER

OPCODE MAP
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.5 6.5 [12/105 [12/10.0 | 65 [12100| 65
0 DEC | DEC ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ | JR LD JP INC
R1 IR1 ri,r2 | r1,1r2 |R2,R1 |R2,R1 |R1,IM {IR1,IM | r1,R2 | r2,R1 |r1,RA |cc,RA |r1,IM |cc, DA al
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
1 RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r1,r2 | r1,1r2 |R2,R1 |R2,R1 |R1,IM [IR1, IM
6.5 6.5 6.5 6.5 105 10.5 10.5 10.5
2 INC INC SUB | SUB | SuB | suB SUB | suB
R1 IR1 r1,r2 | r1,Ir2 |R2,R1 [IR2, R1 |R1,IM [IR1, IM
8.0 6.1 6.5 6.5 10.5 10.5 10.5 10.5
3 JP SRP SBC | SBC | SBC | SBC SBC SBC
IRR1 M r1,r2 | r1,1r2 |R2,R1 |R2,R1 |R1,IM |IR1, IM
8.5 85 6.5 6.5 10.5 10.5 10.5 10.5 4.0
4 DA DA OR OR OR OR OR OR WDH
R1 IR1 r1,r2 | r1,1r2 |R2,R1 [IR2, R1 |R1, IM [IR1, IM
105 | 10.5 6.5 6.5 105 [ 105 [ 105 | 105 5.0
5 POP POP | AND | AND | AND [ AND | AND | AND WDT
R1 IR1 ri,r2 | r1,1r2 |R2, R1 [R2, R1 |R1,IM |IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 6.0
6 COM |COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
’g R1 IR1 r1,r2 | r1,Ir2 [R2,R1 [R2,R1 |R1,IM |IR1, IM
Iz 10/12.1 |12/14.1 6.5 6.5 10.5 10.5 10.5 10.5 7.0
o 7 PUSH |PUSH ™ ™ ™ ™ ™ ™ HALT
] Rz | R2 | ri.r2 | 1,112 [R2,R1 [R2,R1 |R1,IM |IR1, IM
z 105 | 105 6.1
i 8 DECW |DECW DI
o RR1 IR1
2 65 | 65 6.1
9 RL RL El
R1 IR1
10.5 10.5 6.5 6.5 10.5 10.5 10.5 10.5 14.0
A INCW | INCW | CP cP cP cP CcP cP RET
RR1 IR1 r1,r2 | r1,Ir2 |R2,R1 [R2, R1 |R1,IM [IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 16.0
B CLR | CLR XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 r1,r2 | r1,Ir2 |R2,R1 |R2, R1 |R1, IM |IR1, IM
6.5 6.5 120 18.0 10.5 6.5
Cc RRC | RRC | LDC LDCI LD RCF
R1 IR1 r1, 1rr2 I, Irr2 r1,x,R2
6.5 6.5 20.0 200 | 105 6.5
D SRA | SRA CALL* CALL | LD SCF
R1 IR1 IRR1 DA [r2,x,R1
6.5 6.5 6.5 10.5 | 10.5 10.5 10.5 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r1,IR2 |R2,R1 |R2,R1 |R1,IM |IR1, IM
8.5 8.5 6.5 10.5 6.0
F |SWAP [SWAP LD LD NOP
R1 | IR1 I, r2 R2, IR1 Y vyivivivivyily
\ v A ~ A ~ v ~ J
2 3 2 3 1
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
. Nibble o r = 4-bit address
Executllon J Pipeline R1or rq=Dstaddress
Cycle Cycles Roor ro=Src address
4
Sequence:
ogfc?;é 1C0P5 X Opcode, First Operand,
Nibbl e_.A Ry ’;1_ —— Mnemonic Second Operand
Note: Blank areas not defined.
Firs Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction
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‘ Z86E08 CMOS 28°
@ 2"-@ 8-BIT MICROCONTROLLER

PACKAGE INFORMATION

, . symsoL | MILLIMETER INCH
o 1 o O s T s 3 s I e O s B o B MIN MAX MIN MaX
f Al ost | o8t [ 020 | w32
¢ £l A2 325 | 343 | .1es 135
i B 038 | 053 | 015 021
o= Bl 114 1.65 045 065
E c 023 | 038 | .09 015
» D 2235 [2337 | 880 | .920
E 762 | 813 | .300 320
3 622 | 648 | 245 | 255
¢ a 254 TYP 100 TYP

oA eA 7.87 8.89 310 350
L 318 | 381 | 125 | as0
at 152 | 165 | 060 | .65
s 089 | 165 | 035 | 065

ks I

& CONTROLLING DIMENSIONS ¢ INCH
[[ L
Al
— s @ B

18-Pin DIP Package Diagram
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Z86E08 CMOS Z8®

N 2iILaB 8:BIT MICROCONTROLLER
ODERING INFORMATION
Z86E08

8 MHz 12 MHz

Z86E0808PSC Z86E0812PSC

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°Cto +70°C

Speeds
08 = 8MHz
12 =12 MHz

Environmental
C= Plastic Standard

Example:
Z 86E08 12 P S C is an Z86EQ08, 12 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

Environmental Flow
Temperature
Package

Speed

Product Number
Zilog Prefix

‘T_
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Introduction

286C07 28° CMOS
8-Bit Microcontroller

286C08 28 CMOS
8-Bit Microcontroller

Z86E08 Z8° CMOS 8-Bit
OTP Microcontroller

286C11 28° CMOS
Microcontroller

286C12 28° CMOS
In-Circuit Emulator MCU

286C21 Z8° CMOS
8K ROM Microcontroller
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PRODUCT SPECIFICATION

286C11

CMOS Z8®
MICROCONTROLLER

FEATURES

m  8-Bit CMOS Microcontroller

B 40-Pin DIP, 44-Pin PLCC or 44-Pin QFP Package

B 4.5t05.5 Voltage Operating Range

W Low Power Consumption - 220 mW (max) @ 16 MHz
B Fast Instruction Pointer - 1.0 us @ 12 MHz

B Two Standby Modes - STOP and HALT

M 32 Input/Output Lines

B Full-Duplex UART

W All Digital Inputs are TTL Levels

B Auto Latches

®  RAM and ROM Protect
H |Low EMI Option

H 4 Kbytes of ROM

W 256 Bytes of RAM

® Two Programmable 8-Bit Counter/Timers each with
6-Bit Programmable Prescaler.

W Six Vectored, Priority Interrupts from Eight Different
Sources

B Clock Speeds 12 and 16 MHz

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

GENERAL DESCRIPTION

The Z86C11 is a member of the Z8 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/ROMless selectivity, the MCU offers
both external memory and preprogrammed ROM. This
enables the Z8 microcontroller to be used in high volume
applications, or where code flexibility is required.

Zilog's Z86C11 microcontroller offers fast execution, effi-
cientuse of memory, sophisticated interrupts, input/output
bit manipulation capabilities, and easy hardware/software
system expansion along with low cost and low power
consumption.

The Z86C11 architecture is characterized by Zilog’s 8-bit
microcontroller core. The device offers a flexible 1/0
scheme, an efficientregister and address space structure,
multiplexed capabilities between address/data, I/O, and a
number of ancillary features that are useful in many indus-
trial and advanced scientific applications.

For applications which demand powerful I/O capabilities,
the Z86C11 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
I/O with or without handshake, and an address/data bus
for interfacing external memory.
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Z86C11
CMOS Z8®MCU

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 Z86C11 offers two on-chip counter/timers
with a large number of user selectable modes, and a
universal asynchronous receiver/transmitter (Figure 1).

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

Power connections follow conventional descriptions below:

Connection Circuit Device
Power Vee A/
Ground GND s

Output Input Vee GND XTAL //18 /DS R/W /RESET
N N
Port 3 K Machine Timing and
ll ) Instruction Control
UART K ALU
FLAGS
C_lgunter/ Prg. Memory
"(‘;‘;’S <: 4096 x 8-Bit
Register ﬁ
Interrupt Pointer
<:: Program
Control Register File Cou.?nter
256 x 8-Bit

f 1]

|

Port 2

Port 0

Port 1

>

i

(Bit Programmable)

7y

Address or /0
(Nibble Programmable)

Address/Data or I/O
(Byte Programmable)

Figure 1. Functional Block Diagram
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. Z86C11
N 2La5 CMOS Z°MCU
PIN DESCRIPTION

vee [] 1 ~ 40 ] P36
XTAL2 [] 2 39 [ ] P31
XTAL1 [] 8 38 [ ] P27
P37 [] 4 37 [] P26
P30 [] 5 36 | ] P25
/RESET [] 6 35 [ ] P24
rRw [] 7 34 |] P23
/ms [] 8 33 [] P22
ms ]9 32 [] P21
P35 [] 10 zagﬁ,ﬁ 31 [] P20
GND [ 11 30 [] P33
P32 [] 12 29 |] P34
Poo [] 13 28 [] P17
Po1 [] 14 27 [ P16
Po2 [] 15 26 [] P15
Po3 [] 16 25 [ P14
Po4 [ 17 24 [] P13
Pos [} 18 23 [] P12
Pos [] 19 22 [ P11
Po7 [] 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 Ve 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 PO0-PO7 Port 0, pins O through 7 In/Output
4 P37 Port 3, pin 7 Output 21-28 P10-P17 Port 1, pins O through 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 R/IW Read/Write Output 31-38 P20-P27 Port 2, pins O through 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




. Z86C11
N 2iLa5 CMOS ZE°hCU
PIN DESCRIPTION (Continued)
o9
on <L QR o=~ ©w
sSERERSBERRER
6 5 4 3 2 1 4443 42 41 40
/RESET [| 7 39 ] NC
rRW I 8 38 [] P24
/ms [} o 37 [] P23
/As [} 10 36 [ P22
P35 [} 11 35 P21
Z86C11
GND [] 12 PLGC 34 [] P20
P32 [] 13 33 [] P33
Poo [] 14 32 [] P34
Po1 [] 15 31 [] P17
Po2 [] 16 30 [ P16
R/RL [} 17 29 |l P15
24 25 26 27 28
M ¢ 1B © N O - N O T Q
e Raraaaz
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  PO0-PO2  Port0, PinsQ,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>