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ZILOG Z8® FAMILY

AN INDUSTRY STANDARD 8-BIT
SINGLE-CHIP ARCHITECTURE WITH
VALUE ADDED INTEGRATION

The Zilog Z8 Microcontroller Family has long been a
recognized leaderin single-chip architecture. Today, Zilog
continues to expand that leadership with an ever growing
array of new highintegration Z8-based products including
the Close Caption chip, the Z86128 and the Z86C94, a
high integration controller with DSP. The expanded family
offers Value Added Integration for a wide variety of appli-
cations such as consumer products, television control,
automotive, mass storage and computer peripherals. This
edition of the Z8 Microcontroller Data Book describes this
entire family of devices including ROM, ROMless and OTP
(One-Time-Programmable) versions, as well as the devel-
opment support tools available from Zilog.

All of Zilog's high integration family are created using
Zilog's Superintegration™ technology. Zilog pioneered the
Superintegration process as the science of creating highly
efficient, powerful ICs with fully characterized cores and
cells. Zilog's core and cell library is one of the largest
proprietary libraries in the semiconductor industry. Zilog
uses Superintegration technology to produce a wide vari-
ety of ASSPs (Application Specific Standard Products)
thatoffer great cost/performance beneflits and the ability to
customize in software rather than hardware with minimal
cost and the highest possible quality.




Value Added Integration
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Pin ROM .
Product Count (Kbyte) /0 Interrupts UARTS Comparators CTCs WDT  Package Type Speed Temp  Low Noise
CMOS
Z86C00 MCU 28 2 22 3 - - 2 - DiP 8,12 SE -
Z86C06 MCU 18 1 14 5 - 2 2 X DIP,sOICt 4%,8,12 SE X
Z86C08 MCU 18 2 14 5 - 2 2 X DIp,soICt 4*,8,12 SE X
Z86E08 MCU 18 2(0TP) 14 5 - 2 2 X DIP 4%8,12 S X
Z86C09/19 18 2/4 14 5 - 2 2 X DIP,SCICt 48,12 SE -
Z86C10 MCU 28 4 22 3 - - 2 - DIP 8,12 SE -
Z86C11 MCU 40,44 4 32 6 1 - 2 - QFP,DIP,PLCC 12,16 SE -
Z86C12ICE 84 32 16 6 1 - 2 PGA 16 S -
Z86E19 MCUM 18 4(0TP) 14 5 - 2 X DIP 12 S X
Z86C20 MCU 28 8 22 3 - - 2 - DIP 12 S X
Z86C21 MCU 40,44 8 32 6 1 - 2 - QFP,DIP,PLCC 412,16  SE X
Z86E21/E22* MCU 40,44 8(0TP) 32 6 1 - 2 - QFP,DIP,PLCC 412,16 S X
Z86C91 MCU 40,44 - 16 6 1 - 2 - QFP,DIP,PLCC 12,1620 SE -
Z86C30 MCU 28 4 24 6 - 2 2 X DIP 48,12 SE X
Z86E30 MCU 28 4(0OTP) 24 6 - 2 2 X DIP 12 S X
Z86C40 MCU 40,44 4 32 6 - 2 2 X QFP,DIP,PLCC 4*8,12 S,E X
Z86E40 MCU 40,44 4(0TP) 32 6 - 2 2 X QFP,DIP,PLCC 12 S X
Z86C61 MCU 40,44 16 32 6 1 - 2 - QFP,DIP,PLCC 16 SE, -
Z86C62 MCU™ 64,68 16 52 6 1 - 2 - DIP,PLCC 16 SE -
Z86C89**/90 MCU 40,44 - 16 6 - 2 X QFP,DIP,PLCC 4*8,12 SE X
Z86C27 TV Controller 64 8 43 6 - - 2 X DipP 4 S X
Z86C96 MCU 64,68 - 44 6 1 - 2 - DIP,PLCC 20 SE -
Z86C97 TV Controller 64 - 16 6 - - 2 X DIP 4 ] X
786C93 MCU 44 - 16 6 1 - 3 - QFP,PLCC 20 SE -
Z86C94 DSP MCUM 80 - 24 6 1 - 3 - QFP 20 SE -
Z88C00 Superst! 48,68 - 24 27 1 - 2 - DIP,PLCC 25 S -
* Low EMI version Temperature Range: S = Standard  0°C to +70°C
** RC Oscillator Option E = Extended -40°C to +105°C
1 Estimate Release Date © M=Military -55°C to +125°C -
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Pin ROM
Product Count (Kbyte) 1/0 Interrupts UARTS Comparators CTCs WDT Package Type Speed Temp Low Noise
NMOS
78600 MCU 28 2 22 3 - - 2 - DIP 8 SE -
28601/02 MCU 40,44 2 32 6 1 - 2 - DIP,PLCC 48 S,E X
78603 PROTOPACK 40 2 32 6 1 - 2 - DIP 8,12 S -
78604 MCU 18 1 14 5 - - 2 X DIP 8 S -
78610 MCU 28 4 22 3 - - 2 - DIP 8,12 SE -
28611 MCU* 40,44 4 32 6 1 - 2 - DIP,PLCC 8,12.5 S,EM -
78681 MCUt 40,44 - 16 6 1 - 2 - DIP,PLCC 8,12 SEM -
28691 MCU 40,44 - 16 6 1 - 2 - DIP,PLCC 8,12 SE -
Z8612 ICE 64,68 4 32 6 1 - 2 - PLCC,Ceramic 12 S -
78613 PROTOPACK 40 4 32 6 1 - 2 - DIP 8,12 S -
78800 SUPERS 48,68 - 24 27 1 - 2 - DIP,PLCC 20 S -
78801 SUPER8 44 - 17 27 1 - 2 - PLCC 20 S -
28820 SUPER8 48,68 8 40 27 1 - 2 - DIP,PLCC 20 S -
Z8821 SUPERS 44 8 33 27 1 - 2 - PLCC 20 S -
78884 SUPER8SICE 84 16 40 27 1 - 2 - PGA 20 S -
75380 SCSI 40,44 - - - - - - - - - S
Z765A FDC 40,44 - - - - - - - - - S -
1 Available in Military version Temperature Range:
* 78602 Low Noise, 4 MHz, DIP only. S = Standard  0°C to +70°C

E = Extended -40°C to +105°C
M = Military  -55°C to +125°C
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ADVANCED INFORMATION

Product Specification

Z86C00/C10/C20 CMOS
Z8®MCU

FEATURES

m Complete microcomputer, 2K (86C00), 4K (86C10), or 8K
(86C20) bytes of ROM, 124 bytes of RAM (256 bytes - Z86C20),
and 22 1/0 lines.

| 144-byte register file, including 124 (238 - Z86C20) general-
purpose registers, four I/O port registers, and 14 status and control
registers.

W Average instruction execution time of 1.5 us,
maximum of 2.8 us.

B Vectored, priority interrupts for 1/O  and
counter/timers.

B Two programmable 8—bit counter/timers, each with
a 6-—bit programmable prescaler.

B Register Pointer so that short, fast instructions can
access any of nine working—register groups in 1.0
us.

B On—chip oscillator which accepts crystal, external
clock drive, LC, ceramic resonator.

W Standby modes —— Halt and Stop.

W Single +5V power supply —— all pins TTL-
compatible.

= 8 and 12 MHz

B CMOS process.

GENERAL DESCRIPTION

Z86C10/C20 microcomputer (Figures 1 and 2) introduces a
new level of sophistication to single-chip architecture.
Compared to earlier single-chip microcomputers, the

TIM‘::‘; —>| RESET +5V [—
CONTROL | <—Ds XTAL1 <—“ cLOCK
<>| POy XTAL2 |—>
>} POy P34 je—o
PORTO { ~|P%2 Z786C00 P[> } PORT3
~<—>| P03 mu P3s f—>
o T 286C10 Plg |
<—>»| P05 mu Ply |-
| P2y 286020 P12 |
| P2; mu Pi3 > PORT 1
PORT 2 -»| P23 Pis je—>
| P24 P15 |
| P25 Plg |
> | GND P17 |

Figure 1. Pin Functions

ZSGC10/C200ffers faster execution; more efficient use of

memory; more sophisticated interrupt, input/output and
bit-manipulation capabilities; and easier system expansion.

+sv 1 28 [ Jp3
xtaL2 [ 2 27 [ ] p3,
xtaL1 [ 3 26 [ ] p2s
RESET ] 4 25 Jpo,
555 286C00 ,, 5',,23
pas ] 6 MCU 5, [Jp2,
ano 7 Z86C10 ,, ez,
po, [ 8 MCU [ 11,
pos O 0 286C20 ,, afn
Po, [] 1t MCU P15
po; [ 11 18 [ ]P1s
pos [] 12 17 [J,1,
pos [] 13 16 [ P12
P1o [J 14 15 [ JP1y

Figure 2. Pin Assignments




PIN DESCRIPTIONS

DS. Data Strobe (output, active Low). Data Strobe is
activated once for each memory transfer.

POo-POs, P1o-P17, P24-P25, P34, P35, P36' /O Port lines
(bidirectional, TTL-compatible). These 22 I/O lines are
grouped in four ports that can be configured under program
control for 1/0.

RESET. Reset (input, active Low). RESET initializes the
MCU. When RESET is deactivated, program execution
begins from internal program location 000Cy.

XTAL1, XTAL2. Crystal 1, Crystal 2 (time-base input and
output). These pins connect a parallel-resonant
crystal to the on-chip clock oscillator and buffer.

ARCHITECTURE

The MCU's architecture is characterized by a flexible 1/0
scheme, an efficient register and address space structure,
and a number of ancillary features that are helpful in many
applications. (Figure 3).

Microcomputer applications demand powerful 1/0
capabilities. The MCU fulfills this with 22 pins dedicated to
input and output. These lines are grouped in four ports and
are configurable under software control to provide timing,
status signals, and parallel I/0.

Two basic internal address spaces are available to support
this wide range of configurations: program memory and the
register file. The 144-byte random-access register file is
composed of 124 general-purpose registers, four /O port
registers, and 14 control and status registers.

To unburden the program from coping with real-time
problems such as counting/timing, two counter/timers with
a large number of user-selectable modes are offered
on-chip.

OUTPUT  INPUT Vec GND XTAL bs RESET
MACHINE TIMING AND
PORT 3 INSTRUCTION CONTROL
COUNTER/ ALU —jT
TIMERS
@ 1
PROGRAM
FLAGS MEMORY
INTERRUPT 4096 x 8-BIT | (8192 for C20)
CONTROL REGISTER ‘f}
POINTER ]
L
REGISTER FILE PROGRAM
124 x 8-BIT COUNTER
PORT 2 PORT 0 PORT 1
110 o 110
(BIT PROGRAMMABLE) (BYTE PROGRAMMABLE)

Figure 3. Functional Block Diagram

STANDBY MODE
The Z86C00/C10/C20's standby modes are:

| Stop
m Halt

The Stop instruction stops the internal clock and clock
oscillation; the Halt instruction stops the internal clock but
not clock oscillation.

A reset input releases the standby mode.

To complete an instruction prior to entering standby mode,
use the instructions:

LD TMR, #00
NOP
STOP or HALT

10



ADDRESS SPACES

Program Memory. The 16-bit program counter addresses
4K or 8K bytes of program memory space as shown in
Figure 4.

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations contain three 16-bit
vectors that correspond to the three available interrupts.

Register File. The 144-byte register file includes four 1/0
port registers (Rg-R3), 124 general-purpose registers
(R4-R127) and 15 control and status registers (Ros1-Rass).
These registers are assigned the address locations shown in
Figure 5.

Instructions can access registers directly or indirectly with
an 8-bit address field. The MCU also allows short 4-bit
register addressing using the Register Pointer (one of the
control registers). In the 4-bit mode, the register file is
divided into nine working-register groups, each occupying
16 contiguous locations (Figure 6). The Register Pointer
addresses the starting location of the active working-register
group.

Stacks. An 8-bit Stack Pointer (Ross) is used for the internal
stack that resides within the 124 general-purpose registers

(Ra-R127).

4096
ON-CHIP
LOCATION OF ROM
FIRST BYTE OF
INSTRUCTION
EXECUTED N ————— — — — — — — ]
AFTERRESET 12 &
" IRQS5
10 IRQ5
9 IRQ4
8 IRQ4
INTERRUPT 7 RESERVED
VECTOR & RESERVED
(LOWER BYTE)
Bl IRQG2
A IRQ2
INTERRUPT
VECTOR - 3 RESERVED
(UPPERBYTE) e
1 RESERVED
0 RESERVED

Figure 4. Program Memory Map

LOCATION IDENTIFIERS
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 POIM
247 PORT 3 MODE P3M
246 PORT 2 MODE P2m
245 TO PRESCALER PREO
244 TIMER/COUNTER 0 T0
243 T1 PRESCALER PRE1
242 TIMER/COUNTER 1 T
24 TIMER MODE TMR

NOT
IMPLEMENTED
127
GENERAL-PURPOSE
REGISTERS
4
3 PORT 3 P3
2 PORT 2 P2
1 PORT 1 Pt
0 PORT 0 PO

Figure 5. Register File

__*{Lr;rsrsn | o000 ]

THE UPPER NIBBLE OF THE REGISTER FILE ADDRESS
»—— PROVIDED BY THE REGISTER POINTER SPECIFIES
THE ACTIVE WORKING-REGISTER GROUP.

127
= — >
. {
-
- THE LOWER
NIBBLE OF
THE REGISTER
' FILE ADDRESS
| e <{-HeeES
THE INSTRUCTION
POINTS TO THE
SPECIFIED
L REGISTER.
- —
15
———
110 PORTS 3

Figure 6. Register Pointer

11



COUNTER/TIMERS

The MCU contains two 8-bit programmable counter/timers
(To and Ty), each driven by its own 6-bit programmable
prescaler. The Ty prescaler can be driven by internal or
external clock sources; however, the Ty prescaler is driven
by the internal clock only.

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

The counters can be started, stopped, restarted to continue,
or restarted from the initial value. The counters can also be
programmed to stop upon reaching zero (single-pass

mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode). The
counters, but not the prescalers, can be read any time
without disturbing their value or count mode.

The clock source for T4 is user-definable and can be the
internal microprocessor clock divided by
four, or an external signal input via Port 3. The Timer Mode
register configures the external timer input as an external
clock , a trigger input that can be
retriggerable or non-retriggerable, or as a gate input for the
internal clock. The counter/timers can be programmably
cascaded by connecting the Tg output to the input of Tj.

Port 3 line P3¢ also serves as a timer output (Toyr) through

which Tg, Ty or the internal clock can be output.

1/0 PORTS

The MCU has 22 lines dedicated to input and output
grouped in four ports. Under software control, the ports can
be programmed to provide address outputs, timing, status
signals, and parallel I/O. All ports have active pull-ups and
pull-downs compatible with TTL loads.

Port O can be programmed as an |/O port.
Port 1 can be programmed as a byte I/0 port.

Port 2 can be programmed independently as input or
output and is always available for /O operations. In addition,
Port 2 can be configured to provide open-drain outputs.

" Port 3 can be configured as I/0 or control lines. P34 is a

general purpose input or can be used for an external
interrupt request signal (IRQy). P35 and P3g are general
purpose outputs. P3g is also used for timer input (Tyn) and
output (ToyT) signals.

INTERRUPTS

The MCU allows three different interrupts from three
sources, the Port 3 line P3¢ and the two counter/timers.
These interrupts are both maskable and prioritized. The
Interrupt Mask register globally or individually enables or
disables the three interrupt requests. When more than one
interrupt is pending, priorities are resolved by a

programmable priority encoder that is controlled by the’

Interrupt Priority register.

All interrupts are vectored. When an interrupt request is
granted, aninterrupt machine cycleis entered. This disables

all subsequent interrupts, saves the Program Counter and
status flags, and branches to the program memory vector
locations reserved for that interrupt. This memory location
and the next byte contain the 16-bit address of the interrupt
service routine for that particular interrupt request.

Polled interrupt systems are also supported. To accom-
modate a polled structure, -any or all of the interrupt inputs
can be masked and the Interrupt Request register polled to
determine which of the interrupt requests needs service.

CLOCK

The on-chip oscillator has a high-gain parallel-resonant
amplifier for connection to a crystal or to any suitable
external clock source (XTAL1 = Input, XTAL2 = Output).

Crystal source is connected across XTAL1 and XTAL2 using
the recommended capacitors (C1 < 15 pf) from each pin to
ground. The specifications are as follows:

m AT cut, parallel resonant
® Fundamental type, 16 MHz maximum.

| ] Skeries resistance, Rs< 100 n

12



INSTRUCTION SET NOTATION

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

Assignment of a value is indicated by the symbol “<" For
example,

dst < dst + src

IRR gﬁ:r:gtdrreegusster pair or indirect working-register indicates that the source data is added to the destination
Irr Indirect working-register pair only data gnd the result is stored in the destlnapop l"ocatlon. _The
notation “addr(n)” is used to refer to bit “n” of a given
X Indexed address location. For example '
DA Direct address ’ '
RA Relative address dst (7)
g\n ::?;gizf‘e'?ger working-register address refers to bit 7 of the destination operand. '
r Working-register address only Flags. Control Register R252 contains the following six
IR Indirect-register or indirect working-register flags:
address
Ir - Indirect working-register address only g g:,r;yﬂizg
RR Register pair or working register pair address s Sign flag
Symbols. The following symbols are used in describing the \" Overflow flag
instruction set. D Decimal-adjust flag
dst Destination location or contents H Half-carry flag
src Source location or contents Affected flags are indicated by:
cc Condmon code (see !nst) 0 Cleared to zero
@ Indirect lgddress prefix ' 1 Setto one
SP Stack pointer (control registers 254-255) * Set or cleared according to operation
PC Program counter . _ Unaffected
FLAGS Flag register (control register 252) X Undefined
RP Register pointer (control register 253)
IMR Interrupt mask register (control register 251)
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 Ml Minus S=1
0100 oV Overflow V=1
1100 NOV No overflow V=0
0110 EQ Equal Z=1
1110 NE Not equal Z=0
1001 GE Greater than or equal (SXORV) =0
0001 LT Less than (SXORV) = 1
1010 GT Greater than [ZOR(SXORV)] = 0
0010 LE Less than or equal [ZOR(SXORV)] = 1
1111 UGE Unsigned greater than or equal C=0
0111 ULt Unsigned less than C=1
1011 UGT Unsigned greater than (C=0ANDZ=0)=1
0011 ULE Unsigned less than or equal (CORZ) =1
0000 Never true —

13



INSTRUCTION FORMATS

oPC CCF, DI, EI, IRET, NOP,
- RCF, RET, SCF
[[dst T opc ] INC

One-Byte Instructions

OPC_| MODE CLR, CPL, DA, DEC, OPC_| MODE ADC, ADD, AND, CP,
[_dstsre ] on [ 1 ofdsusrc ] DECW.ING, IMICH. POP, src_ or [1 110 src | 1208 550 SUB,
RRC, SRA, SWAP dst OR[1110] dst |
oPC JP, CALL (Indirect) ,
{ dst ] orR [1110] dst ] opc | MODE ADC, ADD, AND, CP,
dst oR [1110[ ast | 120 55C5U8
shp AL
‘
MODE | OPC I . LD
[orc Twmobe | ADC, ADD, AND, :;c oR[1110] sc |
t OR [1110] dst
Con [ o | BT o]
[wooe | orc ] ' MODE | OPC LD
LD, LDC, LDCI dst::[v)cn Les ;
dsllsrc‘ OPC LD
[ sreidst ]or [1110] src | e DL opc P
U
DA,
[ast T orc | )
oFc cALL
DAy
DINZ, JR DA,
Two-Byte Instructions Three-Byte Instructions
Figure 7. Instruction Formats
INSTRUCTION SUMMARY
Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction ——— Byte ——m— Instruction —— Byte ——F——
and Operation dst src (Hex) C Z S VDH and Operation dst src (Hex) CZ S VDH
ADC dst,src (Note 1) 10 * % % x 0 * CP dst,src (Note 1) AO * k Kk k — —
dst<dst + src + C dst - src
ADD dst,src (Note 1) (o] m] * % % x 0 * DA dst R 40 * % % X ——
dst < dst + src dst < DA dst IR 41
AND dst,src (Note 1) 50 — % % 0 — — DEC dst R 00 — %k k ok — —
dst < dst AND src dst<dst — 1 IR 01
CALL dst DA b6 - DECW dst RR 80 — ok ok ok — —
SP<SP -2 IRR D4 dst < dst - 1 IR 81
@SP < PC; PC < dst oI
CCF EF * —— — — — IMR (7)< 0 8F _—_————
C<NoTe DJNZ r.dst RA A - —————
CLRdst R BO —————— r<r-1 r=0-F
dst<0 IR B1 ifr#0
COM dst R 60 —xwo——  FOoRCLdl
dst < NOT dst IR 61 e :

14



INSTRUCTION SUMMARY (Continued)

Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction Byte ——m——— Instruction Byte ——m—
and Operation dst src (Hex) C Z SVDH and Operation dst src (Hex)y C Z S VDH
El F @ —————— RCF CF 0—————
IMR (7) < 1 C+0
HALT 7F RET AF - — =
INC dst r E — %k ok ok — — PC—@SPiSP—SP +2
dst < dst + 1 r=0-F RL dst R 90 * k k ok — —
R 20 IR 91
IR 21
RLC dst R 10 * k k ok — —
INCW dst RR AO — %k ok k — — IR 1
dst <dst + 1 IR Al RR aot R 0
S — * * k Kk — —
IRET BF * ok k Kk ok * R E1
FLAGS < @SP; SP <SP + 1 RRC aet = Co
PC < @SP; SP <SP + 2;IMR (7) < 1 S ok ok — —
@ + 2 MR () R G
JP cc,ast oA o = SBC dst.src (Note 1) 30 % % % % 1 %
if ccistrue c=0-F dst < dst < src < C
PC < dst IRR 30 s
JR cc,dst RA B @ —————— g‘ff ! bF T ===
if ccistrue, c=0-F
PC < PC + dst SRA dst R Do * * * 0 — —
Range: +127, - 128 IR D1
LD dst,src r Im i —————— SRP src Im 31 ——————
dst +-src r R 8 RP < src
R r r9
f—0-F STOP 6F
r X c7 SUB dst,src (Note 1) 20 * k% k T %
X r D7 dst < dst < src
ror Es SWAPdst 1 R O X X
R R =
R IR E5 TCM dst,src (Note 1) 60 — % % 0 — —
R IM E6 (NOT dst) AND src
IR M E7
R R F5 TM dst,src (Note 1) 70 — % x* 0 — —
dst AND src
LDC dst,src r Irr c2 @ ———=———
dst < src Irr r D2 XOR dst,src (Note 1) BO — % * 0 — —
dst < dst XOR src
LDCI dst,src Ir Irr c3 @ —————— - - —
dst < src I Ir D3 NOTE: These instructions have an identical set of addressing modes,

- e which are encoded for brevity. The first opcode nibble Is found in
rer+ e+ the instruction set table above. The second nibble is expressed
LDE dst,src r Irr 82 symbolically by a [J in this table, aqd its value is fo_und inthe
dst « src e r 92 following table to the left of the applicable addressing mode pair.

For-example, the opcode of an ADC instruction using the
LDEI dst,src Ir Irr 88 @ —-—— = —— addressing modes r (destination) and Ir (source) is 13.
dst < src Irr Ir 93
rer+timern+ 1 Addr Mode Lower
NOP FF dst src Opcode Nibble
OR dst,src (Note 1) 40 — % % 0 — — r r
dst < dst OR src

r Ir
POP dst R 50 @ ——————
dst — @SP; IR 51 R R
SP <SP +1 R IR
PUSH src R 70 @ —————— R IM (6]
SP <SP - 1; @SP < src IR 71 R M
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REGISTERS

R244TO
COUNTER/TIMER 0 REGISTER
(F4n: Read/Write)

CACAENCACAEAEN Y

I Ty INITIAL VALUE (WHEN WRITTEN)
(RANGE: 1-256 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

DISABLE T, COUNT
ENABLE T, COUNT

R241 TMR
TIMER MODE REGISTER
(F1H; Read/Write)
[0:[oe [os[o. oy [o. o, [oo]
Tour MODES Lu = NO FUNCTION
NOT USED = 00 1= LOAD T,
T, OUT = 01
0 = DISABLE T, COUNT
T,0UT = 10 o
INTERNAL CLOCK OUT = 11 1 = ENABLE T, COUNT
0 = NO FUNCTION
T,y MODES =
EXTERNAL CLOCK INPUT = 00 . t=L0RDT,
GATE INPUT = 01 0=
TRIG INPUT = 10 1=

(RETRIGGERABLE)

R242T1
COUNTER TIMER 1 REGISTER
(F2H; Read/Write)

[o:[oe[ocJou] 0,0z 0, o]
T, INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

Ty CURRENT VALUE (WHEN READ)

R243 PRE1
PRESCALER 1 REGISTER
(F3H; Write Only)

I_coum MODE
0 = T, SINGLE-PASS
1 = T, MODULO-N
CLOCK SOURCE
1= T, INTERNAL
0 = T, EXTERNAL TIMING INPUT
(Tix) MODE

PRESCALER MODULO
(RANGE: 1-64 DECIMAL
01-00 HEX)

R245 PREQ
PRESCALER 0 REGISTER
(F5H; Write Only)

[o:[04 o [o. o, [0, 0, o

l COUNT MODE
'— 0 = T, SINGLE PASS
1 = T, MODULO-N

RESERVED

PRESCALER MODULO
(RANGE: 1-64 DECIMAL
01-00 HEX)

R246 P2M
PORT 2 MODE REGISTER
(F6H; Write Only)

CACACACACACACACY
| P2,-P2, /0 DEFINITION
0 DEFINES BIT AS OUTPUT

1 DEFINES BIT AS INPUT

R247 P3M
PORT 3 MODE REGISTER
(F7H; Write Only)

0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

RESERVED (must be 0)

Figure 11. Control Registers
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REGISTERS (Continued)

R248 PO1M
PORT 0 AND 1 MODE REGISTER
(~84; Write Only)

P0,-P0; MODE PO-P03 MODE
OUTPUT = 00 00 = OUTPUT
INPUT = 01 01 = INPUT
RESERVED RESERVED (must be = 1)

P1,-P1; MODE
00 = BYTE OUTPUT
01 = BYTE INPUT

1921 ReserveD

R249 IPR
INTERRUPT PRIORITY REGISTER
(F9H; Write Only)

RESERVED j_ INTERRUPT GROUP PRIORITY 3
RESERVED = 000
IRQ3, IRQS PRIORITY (GROUP A) C>A>B =001 REGISTER fo
0 = IRQ5 > IRQ3 A>B>C =010 POINTER 13
1 = IRQ3 > IRQS A>C>8B =011
B>C>A =100 a
IRQO, IRQ2 PRIORITY (GROUP B) C>BS>A =101
0 = IRQ2 > IRQO B>A>C=110
1 = IRQO > IRQ2 RESERVED = 111

IRQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4
1 = IRQ4 > IRQ1

R250 IRQ
INTERRUPT REQUEST REGISTER
(FAH; Read/Write)

BRI IR
RESERVED :I_

IRQ2 = P31 Input
IRQ4 = T,

I

IRQ5 = T,

R251 IMR
INTERRUPT MASK REGISTER
(FBH; Read/Write)

[o:ToeJos ToJou o [ou o
1 ENABLES IRQ0-IRQ5

(Do = IRQ0)

|

1 ENABLES INTERRUPTS

Figure 11. Control Registers (Continued)

R252 FLAGS
FLAG REGISTER
(FCH; Read/Write)

R253 RP
REGISTER POINTER
(FDH; Read/Write)

[E
ﬁ

R255 SPL
STACK POINTER
(FFH; Read/Wnite)

[

USER FLAG F1

USER FLAG F2

HALF CARRY FLAG
DECIMAL ADJUST FLAG
OVERFLOW FLAG
SIGN FLAG

ZERO FLAG

CARRY FLAG

DON'T CARE

STACK POINTER LOWER
BYTE (SPo-SP;)

17



OPCODE MAP

Lower Nibble (Hex)
[} 1 2 3 4 5 6 7 8 9 A B o] D E F
65 65 6.5 65 10.5 105 10.5 105 6.5 65 121105 | 12/100 65 12/100 65
[} DEC DEC ADD ADD ADD ADD ADD ADD Lo LD DJNZ JR Lo JP INC
Ry 1Ry r.ra rirp Ro.Ry | IR2.Ry | RyIM | IRy.IM ry Ry Ry rpRA | ccRA ry.IM cc DA "
65 | 65 | 65 | 65 | 105 | 105 | 105 | 105 ]
1 RLC RLC ADC ADC ADC ADC ADC ADC
Ry IRy rnr ry.drp R2.Ry | IR2.Ry | Ry IM [ IRy.IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5
2 INC INC sus suB suB sus sus sus
Ry 1Ry rira | rdra | RoRy | IR2Ry | RyIM | IRyIM
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
IRR, M 1 | iz | RaRy | IRa.Ry | RuM | IRyIM
8.5 85 6.5 6.5 10.5 10.5 10.5 10.5
4 DA DA OR OR OR OR OR OR
Ry IRy 12 | mdrz | RaRy | IR2Ry | RyM | IRyIM
10.5 10.5 6.5 6.5 10.5 10.5 105 105
5 POP POP AND AND AND AND AND AND
Ry IRy rrz | e | RaRy | IR2.Ry | RyIM | IRyIM
65 65 6.5 6.5 10.5 10.5 10.5 10.5 6,0
6 COM coM TCM TCM TCM TCM TCM TCM sTop
Ry IRy rrz | ndra | RaRy | IR2Ry | RyIM | IRyIM
§ 10/12.1 | 12/14.1 6.5 6.5 10.5 105 10.5 10.5 7.0
e 7 PUSH | PUSH ™ ™ ™ ™ ™ ™ HALT
H Ra IRa 12 | e | RaRy | IR2Ry | RyM | IRyIM
z 105 | 105 61
g8 DECW | DECW DI
g- RRy IRy
6.5 6.5 61
9 RL RL El
Ry IRy
10.5 105 6.5 6.5 10.5 10.5 105 10.5 140
A INCW | INCW ce | cCP cp cpP cp cpP RET
RRy IRy . ridrp | Ra.Ry | IR2.Ry | RiM | IRyM .
6.5 6.5 6.5 6.5 10.5 10.5 10.5 10.5 N 16.0
B CLR CLR XOR XOR XOR XOR XOR XOR IRET
Ry IRy ra2 | o | RaRy | IRaRy | RyIM | IRyIM
6.5 6.5 120 18.0 10.5 6.5
[+ RRC RRC Loc LocCi Lo RCF
. Ry IRy rdmp | drqldrrp r1.x.Rp
6.5 6.5 12.0 18.0 20.0 20.0 105 65
D SRA SRA LbC LDCI | CALL® CALL Lo SCF
Ry 1Ry rodrry | Irpdery IRRy DA r2.x Ry
6.5 6.5 &5 | 105 | 105 | 105 | 105 65
E RR RR LD Lo LD LD LD CCF
Ry IR, IRz | RoRy | IR2Ry | RIM | IRyIM
8.5 8.5 6.5 10.5 60
F SWAP | SWAP LD Lo NOP
Ry Ry Iry.rp Ra.IR \i \J \J Y \ \J Y
N N . -
-~ ~ —_— - —~— — N N —
2 3 2 3 1
Bytes per Instruction
LOWER
OPCODE
NIBBLE
EXECUTION PIPELINE Legend:
CYCLES 4 CYCLES R = 8-bitaddress
\ r = 4-bit address
105 Rjorry = Dstaddress:
UPPER -
OPCODE——~ A| CP MNEMONIC Rzorrz = Srcaddress
NIBBLE - RoR
2.1 Sequence:
Opcode, First Operand, Second Operand
FIRST SECOND X
OPERAND OPERAND NOTE: The blank areas are not defined.

*2-byte instruction, fetch cycle appears as a 3-byte instruction
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

toGND . ... -0.3Vto +7.0V
Operating Ambient

Temperature . ............. See Ordering Information
Storage Temperature . .. ... ....... -65°Cto +150°C

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

STANDARD TEST CONDITIONS

The DC characteristics listed below apply for the following
standard test conditions, unless otherwise noted. All
voltages are referenced to GND. Positive current flows into
the referenced pin.

Standard conditions are as follows:
m +4.5<Vcc <455
®m GND = 0V

21K

FROM OUTPUT
UNDER TEST

9.1

150 pFI KQ

m 0°C<Ty< +70°C Figure 12. Test Load 1
DC CHARACTERISTICS
Symbol Parameter Min Max Unit Condition
VcH Clock Input High Voltage 3.8 Vee \ Driven by External Clock Generator
VoL Clock Input Low Voltage -03 0.8 \Y Driven by External Clock Generator
Vin Input High Voltage 2.0 Vee \
ViL Input Low Voltage -0.3 0.8 \Y
VRH Reset Input High Voltage 3.8 Vee v
VRL Reset Input Low Voltage -0.3 0.8 \Y
Vou + Output High Voltage 2.4 \ loH = —250 uA
VoH Output High Voltage Vo -100 mV \Y IoH = -100pA
VoL Output Low Voltage 0.4 \Y loL = +20mA
I Input Leakage . -10 10 uA OV V|NS + 5.25V
loL Output Leakage -10 10 uA oVsVN< +5.25V
/
IR Reset Input Current -50 uA Vee = +5.25V, VR = OV
Is%) Supply Current 50 mA All outputs and 1/O pins floating
lccy Standby Current mA Halt Mode '
lcco Standby Current 10 uA Stop Mode
NOTE:

lcc2 low power requires loading TMR (%F1)
with any value prior to stop execution.
Use sequence:

LD TMR, #%00.

NOP

STOP
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Figure 14. Additional Timing

AC CHARACTERISTICS
Additional Timing Table

. Z86C10
Number Symbol Parameter Min Max Notes*
1 TpC Input Clock Period 83 100,000 1
2 TC,TiC Clock Input Rise and Fall Times : 15 1
3 ™WwC Input Clock Width ' 70 1
4 TwTinL "Timer Input Low Width 70 2
5 TwiL Interrupt Request Input Low Time 70 23

NOTES:

1. Clock timing references use 3.8V for a logic “1” and 0.8V for alogic “0"
2. Timing references use 2.0V for alogic “1” and 0.8V for a logic “0".

3. Interrupt request via Port 3.

* Units in nanoseconds (ns).
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PRELIMINARY PRODUCT SPECIFICATION

286C06

CMOS Z8® CCP™
CONSUMER CONTROLLER PROCESSOR

FEATURES

m  8-bit CMOS microcontroller

m 18-pin DIP package

m Low Cost

| 3.0to 5.5 volt operating range

B Fastinstruction pointer - 1.0 microseconds @ 12 MHz
m Two standby modés - STOP and HALT

B 14 input/output lines (two with Comparator inputs)

m 1 Kbyte of ROM

B 124 bytes of RAM

B Four Expanded Register File Control Registers
and two SPI Registers

® Two programmable 8-bit Counter/Timers

W 6-bit programmable prescaler

W Six vectored, priority interrupts from five different
sources

m  Clock speeds 4, 8, and 12 MHz

m  Brown-Out protection

®”  Watchdog/Power-On Reset Timer

m  TwoComparators with programmable interrupt polarity

B On-chip oscillator that accepis a crystal, ceramic
resonator, LC, RC, or external clock drive.

W Serial Peripheral Interface (SPI)
m  Low EMI Noise Mode

W Up to-40°C to 105°C operation

GENERAL DESCRIPTION

The Z86C06 CCP (Consumer Controller Processor) is a
member of the Z8 single-chip microcontroller family with
1 Kbyte of ROM, and 124 bytes of General Purpose RAM.
The deviceishousedin an 18-pin DIP, andis manufactured
in CMOS technology. Zilog's CMOS microcontroller offers
fast execution, efficient use of memory, sophisticated
interrupts, input/output bit manipulation capabilities, and
easy hardware/software system expansion along with low
cost and low power consumption.

The Z86C06 architecture is based on Zilog's 8-bit
microcontroller core with the addition of an Expanded
Register File which allows access to register mapped
peripheral and I/O circuits. The CCP offers a flexible 1/0
scheme, and a number of ancillary features that are useful
in many consumer, industrial, automotive, and advanced
scientific applications.

The device applications demand powerful /O capabilities.
The CCP fulfills this with 14 pins dedicated to input and
output. These lines are grouped into two ports, and are
configurable under software control to provide timing,
status signals, or parallel I/O.

Three basic address spaces are available to support this
wide range of configurations; Program Memory, Register
File, and Expanded Register File. The Register File is
composed of 124 bytes of General-Purpose Registers, two
1/0 Port registers and fifteen Control and Status registers.
The Expanded Register File consists of four control reg-
isters, SPI Receive Buffer, and the SPI compare register.
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GENERAL DESCRIPTION (Continued)

- With powerful peripheral features such as on-board com-
parators, counter/timers, watch dog timer, and serial pe-
ripheral interface, the Z86C06 meets the needs for most
'sophisticated controller applications (Figure 1).

1

Note: 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); /N//S (NORMAL and SYSTEM are both
active Low).

Output  Input Vee GND ‘ XTAL
N .
Port 3 K Machine -
Y| Timing & Inst.
Control
Counter/ —
Timers (2) K= ALU WDT, POR
Interrupt FLAG ﬁ
Control <——_-\ Prg. Memory
1024 x 8-Bit
Two Analog Register ﬁ
Comparators Pointer
- . L___N] Program
. Register File L—— Counter
Serial 144 x 8-Bit
Peripheral K
Interface {T
U
Port 2
110

(Bit Programmable)

Figure 1. Functional Block Diagram
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PIN DESCRIPTION

Table 1. Pin Identification

No  Symbol Function Direction
1-4 P24-7  Port2pin4,5,6,7 In/Output

5 VvCC Power Supply Input

6 XTAL2  Crystal Oscillator Clock  Output

7 XTAL1  Crystal Oscillator Clock  Input

8-10 P31-3 Port3pint, 2,3 Fixed Input
11-13 P34-6 Port3pin4,5,6 Fixed Output
14 GND Ground Input

15-18 P20-3 Port2pin0,1,2,3 In/Output

P24 [| 1 ~ 18 | ] P23
p2s [] 2 17 |1 P22
P26 [| 3 16 | ] P21
P27 [] 4 15 |1 P20
vee [] s 14 | ] eND
xTAL2 [] 6 13 | ] P3s
XTAL1 [] 7 12 I pss
P31 [] 8 11 | Pp3a
Pa2 [ o 10 |] P33

Figure 2. Pin Configuration

PIN FUNCTIONS

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

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

Port 2 P20-P27. Port 2 is an 8-bit, bi-directional, CMOS
compatible /O port. These 8 1/O lines can be configured
under software control to be an input or output, indepen-
dently. Input buffers are Schmitt-triggered and contain
Auto-Latches. Bits programmed as outputs may be globally
programmed as either push-pull or open drain (Figure 3a
and 3b). Inaddition whenthe SPlis enabled, P20 functions
as data-in (D), and P27 functions as data-out (DO) for the
SPI.
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PIN FUNCTIONS (Continued)

’P27<—> \

P26 -

P25 -

P24 la——
> Port 2 (I/0)

Z86C06
P23 -
P22 |4—
P21 <—-———-———-—-—>
P20 | ——- _/
Port 2
Open Drain I T
P21-P26 OE {>: 4 S
PAD
P21-P26 OUT
1.5 = 2 3 Hysteresis mn
P21-P26 IN {}
I K
I | Auto Latch
: |
| R=:500KQ '

Figure 3a. Port 2 Configuration
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Open Drain

P20 OE
SPIEN

To>D>=D

P20

PAD
Vead
P20 IN
or A

SPIDI AN | _
r |
' | Auto Latch
' |
' |
| Rmsoke ]

Open Drain
P27 OUT Standard L—D(
p27
SPIDO P
Standard | PAD
P27 OE !
SPI Active SPI /
SCON
D2 0 SP1 DO Enable
' I I ' 1 P27 OUT
*SPI must be enabled with DO.
P27 IN {‘l
Auto Latch

Figure 3b. Port 2 Configuration
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PIN FUNCTIONS (Continued)

Auto-Latch. The Auto-Latch puts valid CMOS levels on all
CMOS inputs that are not externally driven. Whether this
level is zero or one cannot be determined. A valid CMOS
level rather than a floating node reduces excessive supply
current flow in the input buffer.

Port 3 P31-P36. Port 3 is a 6-bit, CMOS compatible, port.
These six lines consist of three fixed inputs (P31-P33) and
three fixed outputs (P34-P36). Pins P31, P32 and P33 are
standard CMOS inputs (no auto-latches) and pins P34,
P35, and P36 are push-pull outputs. Two on-board com-

parators can process analog signals on P31 and P32 with
reference to the voltage on P33. The analog function is
enabled by programming Port 3 Mode Register (bit 1). Pins
P31 and P32 are programmable as falling, rising, or both
edge triggered interrupts (IRQ register bits 6 and 7). P33
is the comparator reference voltage input. Access to
Counter/Timer 1is made through P31 (Tin) and P36 (Tout).
Pin P34 can also be configured as SPI clock (SK),
input and output, and pin P35 can be configured as Slave
select (SS) in slave mode only, when the SPI is enabled
(Figures 4a. and 4b.).

P3g [ ™\
P35 | e
P34 o
. Port 3
Z86C06 (/O or Control)
P33 |g———
P32 [———————
P |—
Port 3
R247 = P3M
1 = Analog
| [o1] | o= Digital

P31 (AN1)
N

4 +

AN.

P32 (AN2)
?

P33 (REF)
N
7

From Stop Mode

Recovery Source | °

- — — — — —

- — — — —

=

IRQ2, Tin, P31 Data Latch

I_"\,___‘, IRQO, P32 Data Latch

N——— o [RQ1, P33 Data Latc

Figure 4a. Port 3 Configuration
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SKIN

SPIEN
SPIMSTR

N

P34
PAD
<
SPIEN ——————
S|
P34 OUT __\A Kout MUX |—
P31 1
REF {
| ss /_n:rI
| h
| SPIEN
! “—‘—_[>_
I SPIMSTR — P35
| PAD

PCON
I IDQI 0 P34, P35 Standard Output
1 P34, P35 Comparator OQutput

Figure 4b. Port 3 Configuration

PORT Configuration Register (PCON). The PORT Con-
figuration Register (PCON) configures the port's individu-
ally for; comparator output on Port 3, low EMI noise on
Port's 2 and 3, and low EMI noise oscillator. The PCON
Register is located in the Expanded Register File at bank
F, location 00 (Figure 5). Bit O controls the comparator use
inPort 3. A 1in this location brings the comparator outputs
to P34 and P35 (Figure 4b), and a O releases the Portto its

standard 1/O configuration. Bits 5 and 6 of this register
configure Port's 2 and 3, respectively, for low EMI opera-
tion. A 1in these locations configures the port for standard
operation, and a 0 configures the port for low EMI opera-
tion. Finally, bit 7 of the PCON Register controls the low EMI
noise oscillator. A 1in this location configures the oscillator
with standard drive, while a 0 configures the oscillator with
low noise drive.
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PIN FUNCTIONS (Continued)

Low EMI Option. The Z86C06 can be programmed to
operate in a low EMI emission mode by the PCON register.
The oscillator and all /O ports can be programmed as low
EMI emission mode independently. Use of this feature
results in:

| Lessthan 1 mA current consumption during the HALT
mode.

M The pre-drivers slew rate reduced to 10 ns typical.

®m  Low EMI output drivers have resistance of 200 ohms
(typical).

m  Oscillator divide-by-two circuitry is eliminated.

m Internal SLCK/TCLK operationlimited to amaximum of
4 MHz (250 ns cycle time)

Comparator Inputs. Port 3, Pin P31.and Pin P32 each have
a comparator front end. The comparator reference volt-
age, Pin P33, is common to both comparators. In analog
mode, the P33 input functions as areference voltage to the
comparators. Theinternal P33register and its correspond-
ing IRQ1 is connected to the STOP Mode Recovery source
selected by the SMR. In this mode, any of the STOP Mode

Recovery sources are used to toggle the P33 bit or gener-
ate IRQ1. In digital mode, Pin P33 can be used as a P33
register input or IRQ1 source (Figure 17).

PCON (F) 00
| o7] o8| 05 b4 p3| o2 b1 Do}

L—— ‘Comparator

Output PORT 3
0 P34, P35 Standard Output*
1 P34, P35 Comparator Output

Reserved

Low EMI Noise
PORT 2
0 Low EMI Noise
1 Standard *

Low EMI Noise
PORT 3
0 Low EMI Noise
1 Standard *

Low EMI Oscilllator
0 Low EMI Noise

1 Standard *
* Default Setting After Power-On Reset Only.

Figure 5. PORT Configuration Register (PCON)
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FUNCTIONAL DESCRIPTION

The Z8 CCPincorporates special funclions to enhance the
Z8's application in consumer, automolive, industrial, sci-
entilic research, and advanced technologies applica-
tions.

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

Bm  Power-On Reset
m  Watch-Dog Timer
m  STOP Mode Recovery Source

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

Program Memory. Z86C06 can address up to 1 Kbytes of
internal program memory (Figure 6). The first 12 bytes of
program memory are reserved for the interrupt vectors.
These locations contain six 16-bit vectors that correspond
tothe six available interrupts. Byte 13 to byte 1023 consists
of on-chip, mask-programmed ROM.

ROM Protect. The 1 Kbytes of Program Memory is mask
programmable. A ROM protect feature will prevent
“dumping” of the ROM contents by inhibiting execution of
the LDC and LDCI instructions to program memory in all
modes.

Expanded Register File. The register file has been ex-
panded to allow for additional system control registers and
for mapping of additional peripheral devices and input/
outputports into the register address area. The Z8 register
address space RO through R15 is implemented as 16
groups of 16 registers per group (Figure 7). These register
groups are known as the ERF (Expanded Register File).
Bits 3:0 of the Register Pointer (RP) select the active ERF
group. Bits 7:4 of register RP select the working register

group (Figure 8). Three system configuration registers
reside in the Expanded Regisler File address space in
Bank F, while three SPIregistersreside in Bank C. Therest
ofthe Expanded Register addressing spaceis not physically
implemented, and is open for future expansion. To write to
the ERF, the upper nibble of the RP musl be zero. To write
totherest of the register file, the lower nibble must be zero.

Note:

When using Zilog's cross assembler Version 2.1 or earlier, use the
LD RP, #0X instruction rather than the SRP #0X instruction to access the
ERF.

1023
Location of On-Chip
First Byte of ROM
Instruction
Executed G - - - - - - - - - -
After RESET 12 |
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt
Vector 6 IRQ3
(Lower Byte) ™|
5 W IRQ2
4_> IRQ2
Interrupt —"]
Vector g IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 6. Program Memory Map

29



FUNCTIONAL DESCRIPTION (Continued)

Z8 STANDARD CONTROL REGISTERS
RESET CONDITION
loﬂnsloslmloaluzlm |oo|

REGISTER
REGISTER POINTER
% FF SPL ulufufufufulu]u
[7]e]s]alalaf1]o] % FE GPR vfufululufufu]u
Working Register Expanded Register %P i 2101910401010 ]9
Group Pointer I I Group Pointer % FC FLAGS ujujujujujufuiju
% FB MR ofufulufufulufu
% FA RQ ofofoJo]ofo]o]o
% Fo PR vlufulu]ulu]u]u
% F8 POIM ulufuloulu]ufu
* | %F7 PaM vlujujulufulo]o
* | %re P2M R RE
%F5 PREO uvlufjuju]ujulul]o
% Fa To ulufufu]ufuful]u
28 Reg. File %F3 PRE1 ulufofufufoTlo [o
%FF % F2 T ululujufu]ufu]u
%FO L \ ] %F T™MR olofofjofofo]o]o
\\\ \\ % FO Reserved
I Notlm Iemented\\
\ y - EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
____> * | %@oF WDTMR ulufulof1]1]o]s

%7': % {F) OE Reserved
% (F) 0D Reserved
% (F) 0C Reserved
* | %(F)oB SMR ojo]Jt1}lo]o]ojojo
% (F) 0A Reserved
% (F) 09 Reserved
%OF % (F) 08 Reserved
%00 . % (F) 07 Reserved
% (F) 06 Reserved
% (F) 05 _Reserved
% (F) 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
% (F) 00 PCON 111 ]ujufufujo

EXPANDED REG. GROUP (C)

REGISTER RESET CONDITION

% (C) 02 SCON ulujuju]ojolo

% (C) 01 RxBUF vivjujujujujuju
% (C) 00 SCOMP ofjojojofojfo]o

. EXPANDED REG. GROUP (0)

REGISTER RESET CONDITION
Legend:

% (0) 03 P3 Tt |1t {ujufugt
U = Unknown
+ = Reserved %(0)02 P2 ujuju]ujujujulju
* Will not be reset with a % (0) 01 Reserved vlujujujujululu
STOP Mode Recovery % (0) 00 Reserved vfulululufu]u]u

Figure 7. Expanded Register File Architecture
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R253 RP
ID7|DGIDS[D4|D:3|DZID1 |Do|

Expanded Register Group

Working Register Group

Note: Default Setting After Reset = 00000000
Figure 8. Register Pointer Register

Register File. The Register File consists of two 1/O port
registers, 124 general purpose registers, 15 control and
status registers, and four system configuration registers in

1

the Expanded Register Group (Figure 7). The instructions
can access registers directly or indirectly via an 8-bit
address field. This allows a short 4-bit register address
using the Register Pointer (Figure 9). In the 4-bit mode, the
Register File is divided into 16 working register groups,
each occupying 16 continuous locations. The Register
Pointer addresses the starling location of the active work-
ing-register group.

Note: Register Bank EO-EF is only accessed hrough
working registers and indirect addressing modes.

Caution: D4 of Control Register PO1M (R251) must be 0. if
the Z86C06 is emulated by Z86C90, D4 of PO1M has to
change to 0 before submission to ROM code.

GPR. The Z86C06 has one extra General Purpose Regis-
ter located at %FE(R254).

_.__>.<| l'7 r6 l'5 f4 | I’3 12 r1 l’o R253

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

R127

The lower nibble
of the register

file address

Specified Working N
I " <¢——}— provided by the
Register Group instruction points
to the specified
| register
R15
[ 7 "WoPots — — ~ |R3

Figure 9. Register Pointer
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FUNCTIONAL DESCRIPTION (Continued)

Stack. The Z86C06 has an 8-bit Stack Pointer (R255)used  Counter/Timers. There are two 8-bitprogrammable counter/
for the internal stack that resides within the 124 general-  timers(T0-T1), each driven by its own 6-bit programmable
purpose registers. prescaler. The T1 prescaler can be driven by internal or

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

0OSsC
* Internal Data Bus
+2 R .
Write ‘ 1L Write ’ lL Read ‘ ﬁ
DO (SMR) PREO T0 TO
Initial Value Initial Value Current Value
Register Register Register
+16 l L lL
6-Bit 8-bit
- +4 | Down X . Down
¢—> Internal Counter Counter > |RQ4/SPI
Clock
Y
y +2 e— - TOUT
External Clock P36
A
Clock
Logic
6-Bit 8-Bit » |RQ5
+4 Down - Down
\ ’ Counter Counter
Internal Clock ﬁ ﬁ
Gated Clock PRE1 T1 T
Triggered Clock Initial Value Initial Value Current Value
Register Register . Register

T P31 Write * ﬁ Write 4 ﬂ F{ead4 U

Internal Data Bus

Figure 10. Counter/Timer Block Diagram
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The 6-bit prescalers divide the input frequency of the clock
source by any integer number from 110 64. Each prescaler

_drives its counter, which decrements the value (1 to 256)
that has been loaded into the counter. When the counter
reaches the end of count, a timer interrupt request-IRQ4
(TO) or IRQ5 (T1), is generated.

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

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

internal microprocessor clock divided by four, or an exter-
nal signal input via Port 3. The Timer Mode register config-
ures the external timer input (P31) as an external clock, a
triggerinput that can beretriggerable or non-retriggerable,
or as a gate input for the internal clock. Port 3, line P36
serves as a timer output (Tout) through which TO, T1 or the
internal clock can be output. The counter/timers can be
cascaded by connecting the TO output to the input of T1.

Interrupts. The Z86C06 has six different interrupts from six
different sources. The interrupts are mask-able and priori-
tized (Figure 11). The six sources are divided as follows;
three sources are claimed by Port 3 lines P31-P33, two
sources in the counler/timers, and one source for the SPI.
The Interrupt Mask Register globally or singularly enables
or disables the six interrupt requests (Table 2).

IRQO IRQ2
IRQ1, 3,4,5 J ¢
Interrupt
Edge <¢—— |RQ (D6, D7)
Select
IRQ
® 06 o o 0 3—
IMR
s
/
Global IPR
Interrupt
Enable lL
Interrupt PRIORITY -
Request ® LOGIC -
Vector Select

Figure 11. Interrupt Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Table 2. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQO IRQO 01 External (P32), Rising Falling Edge Triggered
IRQ 1 IRQ 1 2,3 External (P33), Falling Edge Triggered
IRQ 2 IRQ2,T, 4,5 External (P31), Rising Falling Edge Triggered
IRQ 3 6,7 Software Generated
IRQ 4 T0 8,9 Internal
IRQ 5 Tl 10, 11 Internal
Note:

When SPI is enabled IRQ3 is an internal interrupt.

When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. An interrupt ma-
chine cycle is activated when an interrupt request is
granted. This disables all subsequentinterrupts, saves the
Program Counter and Status Flags, and then branches to
the program memory vector location reserved for that
interrupt. All Z86CO06 interrupts are vectored through loca-
tions in the program memory. This memory location and
the next byte contain the 16-bit starting address of the
interrupt service routine for that particular interrupt re-
quest.

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

An interrupt resulting from AN1 is mapped into IRQ2, and
an interrupt from ANZ2 is mapped into IRQO. Interrupts
IRQ2 and IRQO may be rising, falling, or both edge trig-
gered, and are programmable by the user. The software
can poll to identify the state of the pin.

The programming bits for the INTERRUPT EDGE SELECT
are located in the IRQ register (R250), bits D7 and D6. The
configuration is shown in Table 3. '

Table 3. IRQ Register

IRQ Interrupt Edge
D7 D6 P31 P32
0 0 F F
0. 1 F R
1 0 R F
1 1 R/F R/F
" Notes:
F = Falling Edge
R = Rising Edge

Clock. The Z86C06 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal, RC,
ceramic resonator, or any suitable external clock source
(XTAL1 =Input, XTAL2 = Output). The crystal should be AT
cut, 10 KHz to 12 MHz max, with a series resistance (RS)
less than or equal to 100 Ohms.

The crystal is connected across XTAL1 and XTAL2 using
the recommended capacitors (C1=C2 is more than or
equal to 22 pF) from each pin to ground. The RC oscillator
option is mask-programmable, to be selected by the
customer at the time the ROM code is submitted. The RC
oscillator configuration must be an external resistor con-
nected from XTAL1 to XTAL2, with a frequency-setting
capacitor from XTAL1 to ground (Figure 12).
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XTAL1 XTAL1

:

c1
=
ALJ_ XTAL2 XTAL2
c2
L
Ceramic Resonator or LC
Crystal C1,C2=22pF
C1,C2=47pFTYP* .
F=8MHz L=130pH
F=3MHz*

* Preliminary Value Including Pin Parasitics

XTAL1 XTAL1
Cc1
L
XTAL2 XTAL2
RC External Clock
@ 5V Vce (TYP)

Figure 12. Oscillator Configuration

The RC value vs Frequency curves are shown in Figure 54
and 55. (Limitation: The RC option is not available in the 12
MHz part.) In addition, a special feature has been incorpo-
rated into the Z86C06; in low EMI noise mode (bit 7 of
PCON register=0) with the RC option selected, the oscilla-

“tor is targeted to consume considerately less ICC current
at frequencies of 10 KHz or less.

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

m  Power fail to Power OK status

®m STOP mode recovery (If D5 of SMR=1)

m WDT timeout

The POR time is a nominal 5 ms. Bit 5 of the STOP Mode
Register determines whether the POR timer is bypassed

after STOP mode recovery (typical for external clock, and
RC/LC oscillators with fast start up time).

HALT. Will turn off the internal CPU clock but not the XTAL
oscillation. The counter/timers and externalinterrupts IRQO,
IRQ1, and IRQ2 remain active. The device is recovered by
interrupts, either externally or internally generated.

STOP. This instruction turns off the internal clock and
external crystal oscillation and reduces the standby cur-
rent to 10 microamperes or less. The STOP mode is
terminated by a RESET of either WDT timeout, POR, SPI
compare, or SMR recovery. This causes the processor (o
restart the application program at address 000C (HEX).
Note, the crystal remains active in STOP mode if bits 3 and
4 of the WDTMR are enabled. In this mode, only the watch
dog timer runs in STOP mode.

In order to enter STOP (or HALT) mode, it is necessary to
first flush the instruction pipeline 10 avoid suspending
execution in mid-instruction. To do this, the user executes
aNOP (opcode=FFH) immediately before the appropriate
sleep instruction, i.e.:

FF NOP; clear the pipeline

6F STOP; enter STOP mode
or

FF NOP; clear the pipeline

7F  HALT,; enter HALT mode
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FUNCTIONAL DESCRIPTION (Continued)

Serial Peripheral Interface (SPI). The Z86C06 incorporates
a serial peripheral interface for communication with other
microcontrollers and peripherals. The SPI includes fea-
tures such as STOP Mode Recovery, Master/Slave se-
lection, and Compare mode. Table 4 contains the pin
configuration for the SPI feature whenitis enabled. The SPI
consists of four registers; SP Control Register (SCON), SPI
Compare Register (SCOMP), SPI Receive/Buffer Register
(RxBUF), and SPI Shift Register. SCON is located in bank
(C) of the Expanded Register Group at address 02 (Figure
13). This register is a read/write register that controls;
Master/Slave selection, interrupts, clock source and phase
selection, and error flag. Bit O enables/disables the
SPI with the default being SPI disabled. A one in this
location willenable the SPI, and a O will disable the SPI. Bits
1 and 2 of the SCON register in Master mode select the
clock rate. The user may choose whether internal clock is
divide by 2, 4, 8 or 16. In slave mode, Bit 1 of this register
flags the user if an overrun of the RxBUF Register has
occurred. The RxCharOverrun flag is only reset by writing
a 0 to this bit. In slave mode, bit 2 of the Control Register
disables the data-out I/O function. If a 1 is written to this bit,
the data-out pin is released to its original port configura-
tion. If a O is written to this bit, the SPI shifts out one bit for
each bit received. Bit 3 of the SCON Register enables the
compare feature of the SPI, with the default being dis-
abled. When the compare feature is enabled, a compari-
son of the value in the SCOMP Register is made with the
value in the RxBUF Register. Bit 4 signals that a receive
character is available in the RxBUF Register. If the asso-
ciated IRQ3 is enabled, an interrupt is generated. Bit 5
controls the clock phase of the SPI. A 1 in Bit 5 allows for
receiving data on the clock’s falling edge and transmitting
data on the clock’s rising edge. A 0 allows receiving data
on the clock’s rising edge and transmitting on the clock’s
falling edge. The SPI clock source is defined in bit 6. A 1
uses TimerQ output for the SPI clock, and aOuses TCLK for
clocking the SPI. Finally bit 7 determines whether the SPI
isused as a Master or a Slave. A 1 puts the SPI into Master
mode and a 0 puts the SPI into Slave mode.

Table 4. SPI Pin Configuration

Name Function Pin Location
DI Data-In P20
DO Data-Out p27
SS Slave Select P35
SK SPI Clock P34

SPIOperation. The SPI is used in one of two modes; either
as system slave, or a system master. Several of the
possible system configurations are shown in Figure 14. In
the slave mode, data transfer starts when the slave select
(SS) pingoes active. Datais transferred into the slave’s SPI

Shift Register, through the DI pin, which has the same
address as the RxBUF Register. After a byte of data has
been received by the SPI Shift Register, a Receive Char-
acter Available (RCA/IRQ3) flag and interrupt is gener-
ated. The next byte of data will be received at this time. The
RxBUF Register must be cleared, or a Receive Character
Overrun (RxCharOverrun) flag will be set in the SCON
Register, and the data in the RxBUF Register will be
overwritten. When the communication between the master
and slave is complete, the SS goes inactive.

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

SCON (C) 02
[5:os] o] oe] o] o2 o] o]
|— SPi Enable

0 Disable *
1 Enable

RxCharOverrun (S)
0 Reset
1 Overrun

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

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

Compare Enable
0 Enable

1 Disable

RxCharAvail
0 Reset
1 Char. Avail.
Clock Phase
0 Trans/Fall
1 Trans/Rise

CLK Source
0 TCLK
1 Timer 0 Output

Master Slave
0 Slave
1 Master

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

* Default Setting After Reset.

Figure 13. SPI Control Register (SCON)
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Standard Serial Setup

ss I
g sk N\
=
do N
di 2|
2% 8%||8 58 25837l |lav 8T
Slave Slave Slave Slave
‘Standard Parallel Setup
ssi
s52
& ss3
8 ssd4
= sk
do
di ey
I [ y I ] I
2% 8°||as8® 358 3l|las g™
Slave Slave Slave Slave
Setup For Compare
ss \
B sk N
= \
do \r
di 5
RN EBEEE I R P
Slave Slave Slave Slave
(1) @) (255) (256)
Up to 256 slaves per SS line
Three Wire Compare Setup
ss )
5 sk 3\
8
= 4o J‘
di N
[
PR | B P B P
Slave Slave Slave Slave

Multiple slaves may have the same address.

Figure 14. SPI System Configuration
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FUNCTIONAL DESCRIPTION (Continued)

SPICompare. When the SPI Compare Enable bit, D3of the
SCON Register is set to 1, the SPI Compare feature is
enabled. The compare feature is only valid for slave mode.
A compare transaction begins when the (SS) line goes
active. Data is received as if it were a normal transaction,
but there is no data transmitted to avoid bus contention
with other slave devices. When the compare byte is re-
ceived, IRQ3 is not generated. Instead, the data is com-
pared with the contents of the SCOMP Register. If the data
does notmatch, DO remainsinactive and the slave ignores
all data until the (SS) signal is reset. If the data received
matches the data in the SCOMP register, then a SMR
signal is generated. DO is activated if itis not tri-stated by
D2inthe SCON Register, and datais received the same as
any other SPI slave transaction.

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

SPI Clock. The SPI clock is driven from three sources; with
TimerQ, a division of the internal system clock, or an
external master when in slave mode. Bit D6 of the SCON
Register controls what source drives the SPI clock. AQin

bit D6 of the SCON Register determines the division of the
internal system clock if this is used as the SPI clock source.
Divide by 2, 4, 8, or 16 is chosen as the scaler.

Receive Character Available and Overrun. When a com-
plete data stream is received, an interrupt is generated
and the RxCharAvail bit in the SCON Register is set. Bit 4
in the SCON Register is for enabling or disabling the
RxCharAvail interrupt. The RxCharAvail bit is available for
interrupt polling purposes and is reset when the RxBUF
Register is read. RxCharAvail is generated in both master
and slave modes. While in slave mode, if the RxBUF is not
read before the next data stream is received and loaded
into the RXBUF Register, Receive Character Overrun
(RxCharQverrun) occurs. Since there is no need for clock
control in slave mode, bit D1 in the SPI Control Register is
used to log any RxCharOverrun (Figure 15 and Figure 16).

No Parameter Min Units

1 DI to SK Set-up 10 ns

2 SK to DO Valid 15 ns

3 SS to SK Set-up 5 Tsk ns

4 SS to DO Valid 15 ns

5 SK to DI hold time 10 ns
Tsk

s« /

DO

DI

Figure 15. SPI Timing
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J «—>» SK
i Port Do
Bit Counter SPI Compare Register (SCOMP) Gontrol
SMR <—— /interrupt lae—— DI
Control
] -— SS
— SPI Shift Register
SPI Receive Buffer (RxBUF)
SPI Control SPI
| Clock
IRQ3 1 1

Figure 16. SPI Timing

TCLK

SCLK+n

STOP Mode Recovery Register (SMR). This register se-
lects the clock divide value and determines the mode of
STOP mode recovery (Figure 17). All bils are write only
except bit 7, which is read only. Bit 7 is a flag bit that is
hardware set on the condition of a STOP recovery and
reset on a power-on cycle. Bit 6 controls whether a low
level or high levelis required from the recovery source. The
recovery level must be active LOW to work with SPI. Bit 5
conlrols the reset delay after recovery. Bits 2, 3, and 4 of
the SMR specify the source of the STOP mode recovery
signal. Bit 1 determines whether the XTAL is divided by 1
or 2. A Qin this location uses XTAL divide-by-two, and a 1
uses XTAL. The default for this bitis XTAL divide by two. Bit
0 controls the divide-by-16 prescaler of SCLK/TCLK.

SCLK/TCLK divide-by-16 select (D0). DO of the SMR con-
trols a divide-by-16 prescaler of SCLK/TCLK. The purpose
of this control is to selectively reduce device power con-
sumption during normal processor execution (SCLK con-
trol) and/or HALT mode (where TCLK sources the counter/
timers and interrupt logic).

XTAL Clock divide-by-2 (D1). This bit determines whether
the XTAL clock is divided by two or one. When this bitis set
to1, the SCLK/TCLK is equal to the XTAL clock. This option
can work together with the low EMI oplions in PCON
register to reduce the EMI noise. Maximum frequency is 4
MHz when divide-by-1 selection is active.

SMR (F) 0B

|D7|06|05|D4|03|02|D1IDoI

L

* Default setting after RESET

SCLK/TCLK Divide by 16
0 OFF*
1 ON

XTAL Clock Divide By 2
0 SCLK = XTAL2"
1 SCLK = XTAL

Stop Mode Recovery Source

000 POR Only *
001 POR Only
010 P31
011 P32
100 P33
101 P27
110 P2NOR0:3
111 P2NORO0:7

Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low Level *
1 High Level

Stop Flag
0 POR*
1 Stop Recovery

Figure 17. STOP Mode Recovery Register
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FUNCTIONAL DESCRIPTION (Continued)
STOP Mode Recovery Source (D2,D3,D4). These three bits
of the SMR specify the wake-up source of the STOP Mode
recovery (Figure 18 and Table 5).

Table 5. STOP Mode Recovery Source

SMR Operation
D4 D3 D2 Description of Action
0 0 0 POR recovery only
0 0 1 POR recovery only
0 1 0 P31 transition
0 1 1 P32 transition
1 0 0 P33 transition
1 0 1 P27 transition
1 1 0 Logical NOR of Port 2 bits 0:3
1 1 1 Logical NOR of Port 2 bits 0:7

P31-P33 cannot wake up from STOP mode if the input lines
are configured as analog inputs. When the SPI is enabled
and the Compare feature is active, a SMR is generated
upon a comparison in the SPI Shift Register and SCOMP
Register, regardless of the above SMR Register settings.
If SPI Compare is used to wake up the part from STOP
mode, itis still possible to have one of the other STOPmode

SMR D4 D3 D2
000
00 1

VDD

SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
01 0 10 0 10 1
01 1

P31
P33

recovery sources active. Note: These other STOP mode
recovery sources have to be active level low (bit D6 in SMR
settoQif P31, P32, P33, and P27 selected, or bit D6in SMR
set to 1 if logical NOR of Port 2 is selected).

STOP Mode Recovery Delay Select (D5). This bit disables
the 5 ms RESET delay after STOP Mode Recovery. The
default condition of this bit is 1.

STOP Mode Recovery Level Select (D6). A 1 in this bit
position indicates that a high level on any one of the
recovery sources wakes the device from STOP mode. AO
indicates low level recovery. The default is 0 on POR
(Figure 18).

Cold or Warm Start (D7). This bit is set by the device upon
entering STOP mode. It is active high, and is O (cold) on
POR/WDT RESET. This bit is READ only. It is used o
distinguish between cold or warm start.

Watch Dog Timer Mode Register (WDTMR). The WDT is a
retriggerable one-shot timer that resets the Z8 if it reaches
its terminal count. The WDT is initially enabled by execut-
ing the WDT instruction and relriggered on subsequent
executions of the WDT instruction. The timer circuit is
driven by an on- board RC oscillator or external clock
source. The POR clock source is selected with bit 4 of the
WDTMR.

SMR D4 D3 D2
11 0

SMR D4 D3 D2
11 1

SPI

To POR

RESET
1 D .

Stop Mode Recovery Edge
Select (SMR)

To P33 Data
Latch and IRQ1

P33 From Pads

MUX -

Digital/Analog Mode
Select (P3M)

Figure 18. STOP Mode Recovery Source
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BitsOand 1 control atap circuit that determines the timeout
period. Bit 2 determines whether the WDT is active during
HALT and bit 3 determines WDT aclivity during STOP. If
bits 3and 4 of this register are both setto 1, the WDT is only
driven by the external clock during STOP mode. This
feature makesitpossible to wake up from STOP mode from
an internal source. Bits 5 through 7 of the WDTMR are
reserved (Figure 19). This register is accessible only
during the first 64 processor cycles (128 XTAL clocks)
from the execution of the first instruction after Power-On-
Reset, Watch Dog Reset or a STOP Mode Recovery
(Figure 20). Alfter this point, the register cannotbe modified
by any means, intentional or olherwise. The WDTMR can-
not be read and is located in bank F of the Expanded
Register Group at address location OFH. Itis organized as
follows:

WDTMR (F) OF

|D7|Dslos|04|m|ozlm|Do|

—E'— WDT TAP INTRC OSC XTAL CLK

00 5 512 TpC
01 15 1024 TpC*
10 25 2048 TpC
11 100 8192 TpC
WOT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTALA/INT RC Select for WDT
0 On-Board RC *
1 XTAL

Reserved

* Default setting after RESET

Figure 19. Watchdog Timer Mode Register

4 Clock Clear 18 Clock RESET
Filter Clock RE: RESET
CLK Generator
Internal
RESET
W(?,J-Di.i;eg)' > | WDT TAP SELECT
CLK Source
Select >-
(WDTMR)
XTAL 4 5ms POR Sms 15ms 25ms 100ms
Mok i
U WDT/POR Counter Chain
RC X CLR
oscC.
2V Operating
Vce Voltage Det.
2V REF bt
1 O—
From Stop '
Mode '
Recovery
Source

12 ns Glitch Filter

WDT

Stop Delay

Select (SMR) 7

Figure 20. Resets and WDT
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FUNCTIONAL DESCRIPTION (Continued)

WDT Time Select (D1,D0). Selects the WDT time-out
period. ltis configured as shown in Table 6.

Table 6. WDT Time Select

Timeout of Timeout of
D1 DO internal RC OSC XTAL clock
0 0 5 ms min 512TpC
0 1 15 ms min 1024TpC
1 0 - 25 ms min 2048TpC
-1 1 100 ms min 8192TpC
Notes:

The default on a WDT initiated RESET is 16 ms.
See Figures 50 through 53 for details.

WDT During HALT (D2). This bitdetermines whether or not
the WDT is active during HALT mode. A 1 indicates active
during HALT. The defaultis 1. '

WDT During STOP (D3). This bit determines whether or not
the WDT is active during STOP mode. Since XTAL clock is
stopped during STOP mode, unless as specified below,
the on-board RC has to be selected as the clock source to
the POR counter. A 1 indicates active during STOP. The
default is 1. If bits D3 and D4 are both set to 1, the WDT
only, is driven by the external clock during STOP mode.

On-Board, Power-On-Reset RC or External XTAL1 Oscil-
lator Select (D4). This bit determines which oscillator source
is used to clock the internal POR and WDT counter chain.
If the bit is a 1, the internal RC oscillator is bypassed and
the POR and WDT clock source is driven from the external
pin, XTAL1. The default configuration of this bitis 0, which
selects the RC oscillator.

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

Brown-Out Protection (V). The brown-out trip voltage
(Vgo) Will be less than 3 volts and above 1.4 volts under the
following conditions.

Maximum (V,) Conditions:

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

Case2 T,=-40° +85°C, Internal Clock Frequency
equal or less than 2 MHz
Note: )

The internal clock frequency is one half the external clock frequency,
unless the device is in low EMI mode.

The device functions 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, for the
temperatures and operating frequencies in cases 1 and 2
above. The device is guaranteed to function normally at
supply voltages above the brown-out trip point. The actual
brown-out trip point is a function of temperature and
process parameters (Figure 21).

ROM Protect. ROM protect is mask-programmable. It is
selected by the customer at the time the ROM code is
submitted. The selection of ROM protect disables the LDC
and LDCl instructions.
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Vce 280
(Volts)

2.60

2.40

2.20 N

2.00 \
\ Vg (Typical)

1.80 \
N

AN

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

1.60

Temperature (°C)

Figure 21. Typical Z86C06 V,, Voltage vs Temperature

ABSOLUTE MAXIMUM RATINGS

Symbol  Description Min  Max Units Slressgrealer than those listed under Absolule Maximum
Ratings may cause permanent damage o the device. This
Ve Supply Voltage* 0.3 +70 \ is a stress rating only; operation of the device at any
Tsra Storage Temp 65 +150 C condition above those indicated in the operational sec-
T, Oper Ambient Temp 1 C tions of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended period
Notes: may affect device reliability.

* Voltage on all pins with respect to GND.
t See Ordering Information

STANDARD TEST CONDITIONS

+
The characteristics listed below apply for standard .test
conditions as noted. All voltages are referenced to ground. 21K
Positive current flows into the referenced pin (Figure 22).

From Output o W
N

5V
Under Test © l
150 pF ] 9.1KQ

Figure 22. Test Load Configuration
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DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Ve T,=0C T,=-40°C Typical  Units Conditions Notes
Note [3] to 70°C to 105°C @ 25°C
Min Max Min Max
Max Input Voltage 3.3V 12 12 v <250 pA
5.0V 12 12 v Iy <250 pA
Ve Clock Input High 3.3V 09V, V#0309V, V03 24 v Driven by External
Voltage Clock Generator
5.0v 09V, V#0309V, V#0339 v Driven by External
Clock Generator
Va Clock InputLow 3.3V V03 02V, V03 02V, 16 v Driven by External
Voltage . Clock Generator
5.0V Ves03 02V, V03 02V, 27 v Driven by External
Clock Generator
Vi Input High Voltage 3.3V 07V, V#0307V, V403 18 Vv
5.0V 07V, V#0307V, V#0328 \
Vi Input Low Voltage 3.3V V03 02V, V03 02V, 10 \
5.0v V03 02V, V03 02V, 15 v
Vo Output High Voltage 3.3V V04 V0.4 31 v lgw=-20mA
5.0V V04 V04 48 v lgy=-2.0mA
Vou Output Low Voltage 3.3V 08 08 0.2 v Iy =+4.0 mA
5.0V 04 04 0.1 v lo =+4.0 MA
Voo Output Low Voltage 3.3V 10 10 04 v lo =6 mA,
3 Pin Max
5.0V 1.0 1.0 05 v Iy =+12mA,
: 3 Pin Max
Varsy _ Comparalor Input 3.3V 2% %5 10 mv
Offset Voltage 5.0V 25 25 10 mv
h Input Leakage 3.3V -1.0 1.0 -1.0 1.0 A V=0V, V.
(Input bias current 5.0V -1.0 1.0 -1.0 1.0 A V=0V, V.
of comparator)
o Output Leakage 3.3V -1.0 1.0 -1.0 1.0 A V=0V, V.
5.0V -1.0 1.0 -1.0 1.0 A V=0V, V.
lee Supply Current 33V 6 6 30 mA @ 8 MHz [45]
5.0V 11.0 1.0 60 mA @8MHz [45]
33V 8.0 8.0 45 mA @12 MHz [45]
5.0V 15 15 90 mA @12 MHz [45]




Symbol Parameter Ve T,=0°C T,=-40°C Typical Units  Conditions Notes
Note [3] to 70°C t0 105°C @ 25°C
Min Max Min Max
leer Standby Current 3.3v 3.0 3.0 13 mA  HALT Mode V,,= 0V, [4,5]
V@ 8MHz
5.0V 5 5 3.0 mA  HALT Mode V,,= 0V, [4,5]
, V@ 8MHz
3.3V 45 45 20 mA  HALT Mode V,,= 0V, [4,5]
V@12 MHz
5.0V 7.0 7.0 40 mA  HALT Mode V,,= 0V, [4,5]
V. @12 MHz
3.3v 14 14 0.7 mA  Clock Divide by 16 {4,5]
@ 8 MHz
5.0V 35 35 20 mA  Clock Divide by 16 [4,5]
@ 8 MHz
3.3V 20 20 1.0 mA  Clock Divide by 16 [4,5]
@12 MHz
5.0v 45 45 25 mA  Clock Divide by 16 [4,5]
@12 MHz
leea Standby Current 3.3V 10 20 10 pA  STOP Mode V,,= 0V, [6]
VWDT is not Running
5.0V 10 20 30 A STOP Mode V,, =0V, [6]
V WDT is not Running
3.3v TBD pA  STOP Mode V, =0V, [6]
VWDT is Running
5.0V TBD TBD 200 pA  STOP ModeV,, =0V, [6]
V. WDT is Running
b Auto Latch Low 3.3V 70 140 4.0 pA - OV<V, <V,
Current
5.0V 200 300 10 A OV<V, <V,
han Auto Latch High 3.3V -4.0 -8.0 -2.0 PA - OV<V, <V,
Current 5.0V -9.0 -160 5.0 pA - OV<V, <V,
Toon Power On Reset 3.3V 7 24 6 %5 13 ms
50V 3 13 2 14 7 ms
Vio V. Brown Qut 1.50 2.65 1.2 295 21 \' 2 MHz max Ext. CLK Freq.  [3]
Voltage
Notes:
[1] leey Typ Max Unit Freq
Clock Driven on Crystal 3.0 50 mA 8MHz
or Ceramic Resonator 0.3 5.0 mA 8MHz

[2] Vg, = OV = GND

[3] 5.0V+ 05V, 3.0V+ 0.3V. The V, increases as the temperature decreases.

[4] All outputs unloaded, 1/O pins floating, inputs at rail.

(51 C,,=C,, = 100pF

[6] Same as note [4] except inputs at V..
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AC ELECTRICAL CHARACTEEISTICS

(1)
© (G

Clock
Setup .
- ~ .
Source X

ren\
N A\

R

Figure 23. Additional Timing

AC ELECTRICAL CHARACTERISTICS

No Symbol  Parameter Ve T,=0°CT070°C T,=-40°CT0 105°C Units  Notes
: Note[3] 8MHz . 12 MHz 8 MHz 12 MHz
Min  Max Min  Max Min  Max Min  Max

1 TpC Input Clock Period 33V 125 100,000 83 100,000 125 -100,000 83 100,000 ns [1]
50V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1]

2 TGTIC  Clock Input Rise 3.3V 25 15 25 15 ns [1]
and Fall Times 50V 25 15 25 15 ns  [1]

3 TC Input Clock Width 33v 37 26 37 26 ns  [1]
50v 37 26 37 26 ns (1]

4 TwTinL  Timer Input Low Width 3.3v 100 100 100 100 ns (1]
50v 70 70 70 70 ns (1]

5  TwTinH  Timer Input High Width 3.3V 3TpC 3TpC 31pC 3TpC [l
50v-  3TpC 3TpC 3TpC 3TpC [1]
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No Symbol  Parameter Ve T,=0°GT070°C T,=-40°C TO 105°C Units  Notes
Note[3] 8 MHz 12 MHz 8 MHz 12 MHz
Min  Max Min  Max Min  Max Min  Max
6  TpTin Timer Input Period 3.3V 8ipC 8TpC 8TpC 8TpC (1]
50V 8TpC 8TpC 8TpC 8TpC [1]
7 TiTin, Timer Input Rise 3.3V 100 100 100 100 ns 1]
TtTin and Fall Timer
5.0V 100 100 100 100 ns [1]
8 TwiL Int. Request Input 33V 100 100 100 100 ns [1,2]
Low Time
50v 70 70 70 70 ns [1.2]
9 TwH Int. Request Input 33V 31pC 3TpC 3TpC 3TpC [12]
. ) High Time
50V 3TpC 31pC 3TpC 3TpC .21
10  Twsm STOP Mode Recovery 3.3V 12 12 12 12 ns
Width Spec
50V 12 12 12 12 ns
11 Tost Oscillator Startup Time 3.3V 5TpC 5TpC 5TpC 5TpC Reg.
(4]
, 5.0V 5TpC 5TpC 5TpC 5TpC ns
Twdt Watchdog Timer 33v. 15 15 12 12 (5]
Refresh Time
50v 5 5 3 3 ms  D0=0[6]
D1=016]
33V 30 30 25 25 ms  DO=1[6]
50V 16 16 12 12 ms D1=0[6]
33V 60 60 50 50 ms  DO=0[6]
50v 25 25 30 30 ms D1=1[6]
33V 250 250 200 200 ms  D0O=1[6]
50v 120 120 100 100 ms  D1=1[6]
Notes:

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

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

[3] 5.0V 0.5V, 3.3V + 0.3V

[4] SMR-D5=0
[5] Reg. WDTMR

[6] Internal RC Oscillator only.
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EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B

|37l06]05|04|03102|01|00|

| L=

SCLK/TCLK Divide by 16
0 OFF *
1 ON

XTAL Divide
0 XTAL2*
1 XTAL

Stop Mode Recovery Source
000 POR Only *

001 POR Only

010 P31

011 P32

100 P33

101 P27

110 P2NOR0:3

111 P2NOR 07

Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Lowlevel *
1 High Level

Stop Flag
0 POR*
1 Stop Recovery

* Default setting after RESET

Figure 24. STOP Mode Recovery Register

WDTMR (F) OF

ID7|DGIDS|D4IDS]DZLD1‘DOI

—E—' WDT TAP INT RCOSC XTAL CLK
00 5 512 TpC
o1 15 1024 TpC *
10 25 2048 TpC
1" 100 8192 TpC
WDT During HALT
0 OFF
1 ON*
WDT During STOP
0 OFF
) 1 ON*
- XTALY/INT RC Select for WDT
0 On-Board RC *
1 XTAL
Reserved

* Default setting after RESET

Figure 25. Watchdog Timer Mode Register

PCON (F) 00

|D7|Ds|Ds|D4|Ds|Dz|D1|Do|

(-

Comparator
Output PORT 3
0 P34, P35 Standard Output*
1 P34, P35 Comparator Output
Reserved

Low EMI Noise
PORT 2
0 Low EMI Noise
1 Standard *
Low EMI Noise
PORT 3
0 Low EMI Noise
1 Standard *

Low EMI Oscill

* Default Setting After Reset.

0 Low EMI Noise
1 Standard *

Figure 26. PORT Control Register

SCON (C) 02

ID7ID6ID5ID4IDS|D2ID1IDOI

I— SPI Enable

0 Disable *
1 Enable

RxCharOverrin (S)
0 Reset
1 Overrun

CLK Divide (M)
00 TCLK/2
01 TCLK/4
10 TCLK/8
11 TCLKAM6

DO SPI Port Enable (S)
0 SP1DO Port Enabled
1 DO Portto /O

c Enable
0 Enable '

1 Disable *

RxCharAvail
0 Reset
1 Char. Avail.

Clock Phase
0 Trans/Fall
1 Trans/Rise

CLK Source
0 TCLK
1 Timer 0 Output

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

* Default Setting After Reset.

Master Slave
0 Slave
1 Master

Figure 27. SPI Control Register
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Z8 CONTROL REGISTER DIAGRAMS
R 240
F)7|Ds|oslo4|os|02|m IDOI
| -

Figure 28. Reserved

R241 TMR

[57 TosTos o+ [os [0 [ o1 [0

T T L

No Function
Load Ty

Disable T Count
Enable TqgCount

No Function
Load T 4

Disable T4 Count
Enable T4 Count

Ty Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

_.0 =0 a0 =0

Tout Mode

00 Not Used

01 ToOUT

10 T70UT

11 Internal Clock Out

Figure 29. Timer Mode Register
(F1,.: Read/Write)

R2427T1
|D7|Ds|DsID4IDa|Dz|D1|Do|

I T, Initial Value

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

T4 Current Value
(When READ)

Figure 30. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1

|D7|oe|05|04|03|02|01IDol

I— Count Mode

0 T4 Single Pass
1 T4 Modulo-N

Clock Source

1 T4 lnternal

0 T4 External Timing Input
(T\n) Mode

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

Figure 31. Prescaler 1 Register
(F3,;: Write Only)

R244 To

ID7|DG|D5|D4IDB|DZID1|DOI

I-—— To Initial Value

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

To Current Value
(When READ)

Figure 32. Counter/Timer 0 Register
(F4,,: Read/Write)

R245 PREO
lD7|DG|D5ID4ID3lDz|D1IDOI

i— Count Mode

0 TgSingle Pass

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

Figure 33. Prescaler 0 Register
(F5,,: Write Only)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R246 P2M

R249 IPR
{07 |08 [os[o4| 03] 02|01 | 0o [o7] o8] 5] 04 ] 03] 2] D1 | Do
L——_—'_ P27 -P2q VO Definltion | l Interrupt Group Priority
0 Defines Bit as OUTPUT 000 Reserved
1 Defines Bit as INPUT 001 C>A>B
010 A>B>C
: . 011 A>C>B
Figure 34. Port 2 Mode Register 100 B>C>A
. 101 C>B>A
(F6,,: Write Only) 110 BoALG
' 111 Reserved
e IRQ1, IRQ4 Priority (Group C)
0 IRQ1 > IRQ4
R247 PaM 1 IRQ4 > IRQ!
|D7 I D6 l D5 I D4 | D3 | D2 I D1 I Do I L 1RQO, IRQ2 Priority (Group B)
0 IRQ2 > IRQO
— 1 IRQO > IRQ2
l_ 0 Port2 Open Drain IRQ3, IRQ5 Priority (Group A)
1 Port2 Push-pull 0 IRQ5 > IRQ3
1 IRQ3 > IRQ5
Port 3 Inputs
0 Digital 0
1 Analog
0 Reserved . - .
esen Figure 37. Interrupt Priority Register
(F9,,: Write Only)
Figure 35. Port 3 Mode Register
(F7,,: Write Only)
R250 IRQ
p7| o6 | D5 | p4|p3|p2| D1 | DO
i e ]

|07 pe [ os | o4 | p3|p2] o1 fpo] L IRQO = P32 Input

1RQ1 = P33 Input
I IRQ2 = P31 Input
X IRQ3 = Software Controlled
IRQ4 =TO

Must be 0 IRQ5 = T1

X Inter Edge
00 P31l P32l
. 01 P31# PSZI
7 i 10 P31 7T P32
Figure 36. Port 0 and 1 Mode Register 1 Po1TLPestL

Figure 38. Interrupt Request Register
(FA,;: Read/Write)
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R251 IMR
ID7|De|Ds|D4|Da|Da|D1IDo|

| 1 Enables IRQ5-IRQ0

(D =IRQO)
0 Reserved
1 Enables Interrupts

Figure 39. Interrupt Mask Register
(FB,,: Read/Write)

R252 Flags

ID7|D6|DSID4ID3IDZID1IDOI

I I— User Flag F1
User Flag F2
Half Carry Flag
Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 40. Flag Register
(FC,,: Read/Write)

R253 RP

[ Toe[os [o+ o [o2 o1 0]

I—— Expanded Register File Pointer

Working Register Pointer

Figure 41. Register Pointer
(FD,;: Read/Write)

R254 GPR

|o7] s | o5 |4 D3| p2{ 01| Do]

Figure 42. General Purpose Register
(FE,: Read/Write)

R255 SPL

lD7|DG|DS|Dd|DS'DZ|D1IDOI

L———— Stack Pointer Lower

Byte (SPg - SP7)

Figure 43. Stack Pointer
(FF,: Read/Write)
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DEVICE CHARACTERISTICS

Current 12 lcc at 5V
(ma) /
10 /I
8 /
/
6 Icc at 3.3V
/ lcc1 at 5V
4 P — lect at5V
(SCLK divided by 16)
A / [ lec1 at 3.3V
2 |4 — = ] lco1 at 3.3V
"] ccl at 3.
f — | ______// (SCLK divided by 16)
0 Note: XTAL is divided by 2
0 2 4 6 8 10 12 14 . 16
Frequency (MHz)
Figure 44. Typical I__ vs Frequency
Vec 20
(Volts)
B
1.0
A
c
D
0.0
-60 40 20 0 20 40 60 80 100 120 130
: Temperature (°C)
Legend:
A= Vil at Vee = 3.3V
B = VilatVoc = 5.5V
C = Vol at Vcc = 3.0V
D = Voil at Ve = 5.5V

Figure 45. Typical V,,, V, vs Temperature

oL’
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Vce
(Volts)

6.0

5.0

4.0

3.0

2.0

1.0

VOH at Vec 5.5V

VIH at Vcc = 5.5V
VOH at Veec 3.0V

VIH at Vec = 3.0V

Note: STD Mode
(Not Low EMI Mode)

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

Temperature (°C)

Figure 46. Typical V_,, V,, vs Temperature

OH’
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DEVICE CHARACTERISTICS (Continued)

IoH
(ma)

VOH (VO“S)

1.0 2.0 3.0 4.0 5.0 60 7.0 8.0
. _
Vee = 5.0V
Voo = 3.0V Vee = 5.5V
A B| C D EFGHI
Note: STD Mode
Legend: (Not Low EMI Mode)
A=125°C  F=-55°C
B =25°C G=125°C
C=-55°C H=25C
D=125°C 1=-56°C
E=25°C

Figure 47. Typical V, vs I,, Over Temperature




1oL 24.0

(ma) 54
iy A B cD
18.0 / /
16.0 [/ /

14.0 / / /l/
12.0 / /// E
10.0 / / / //

2 04 0.6 0.8 1.0 12 14 1.6 18
VoL (Volts)

Legend: Note: STD Mode
(Not Low EMI Mode)

Vee =5.5V
Vece = 3.0V

Figure 48. Typical I, vs V, Over Temperature
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DEVICE CHARACTERISTICS (Continued)

Time 220
(msec)
20.0
] '
18.0 A~
/
//
16.0 /., =
14.0 7
. v -
7 / / ©
120
” ~ b
100 o~ el T E
8.0 » // '// /; "
gl
6.0 ,; 5{/
-
40
2.0
0
-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
Legend: Note: Using internal RC

A-Vee=3.0V D-Veec=4.5V
B-Vece=3.5V E - Vee=5.0V
C-Vecc=4.0V F-Vecc =55V

Figure 49. Typical Power-On Reset Time vs Temperature
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Time
(msec)

45.0

40.0

35.0

30.0

25,0

20.0

15.0

10.0

5.0

/ A
//
B
"
v
/ —— / ¢
/ '/ - -] £
F
- | " —
/ g /
-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
Legend: Note: Using internal RC
A-Vce=3.0V D -Vce = 4.5V
B - Vce = 3.5V E-Vce =5.0V
C-Vcc =40V F-Vecc=5.5V

Figure 50. Typical 5 ms WDT Setting vs Temperature
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DEVICE CHARACTERISTICS (Continued)

Time 85

(msec)

80
A
75 i

70

N

65 A

60

. /
ol A

45 Wa

N\
\

N\

40

\
N AV

35

NAVARN

30

RAVA

25

NANAVEY

AN N

20

15

10

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

Note: Using internal RC.

Figure 51. Typical 15 ms WDT Setting vs Temperature

Legend:

A -Vce = 3.0V
B-Vcec =35V
C-Vee =4.0V
D -Vee = 4.5v
E-Vee=5.0V
F - Vec =5.5V
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Time
(msec)

120

170

160

150

140

N

130

110

90

\
\\ \
\J\ \

80

70

60

AN
AAAVAVERN

50

40

WYY
\\

30

WA N

20

10

-60

40 20 0 20 40 60 80 100 120 140
' Temperature (°C)
Note: Using internal RC.

’

Figure 52. Typical 25 ms WDT Setting vs Temperature

Legend:

A -Vce =3.0V
B-Vecc =35V
C-Vce =4.0V
D - Vce = 4.5v
E - Vec =5.0V
F-Vce =5.5V
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DEVICE CHARACTERISTICS (Continued)

Time
(msec)

700
650
A
600 S
/
550
500 ,/ > B—]
450 / / /
// /'
400 / ~ / c
_ / D
350 —
7 -~ E
300 / / /
v’ A~ F
»50 P /,/ /,/ /
AL~ //
200 L - -
150 _——
100
50
0
60 40 20 O 20 40 60 80 100 120 140

Temperature (°C)

Note: Using internal RC.

Figure 53. Typical 100 ms WDT Setting vs Temperature

Legend:

A-Vcec=3.0V
B-Vece=3.5V
C-Vecec=4.0V
D-Vcc=4.5v
E - Vec =5.0V
F-Vecec =5.5V
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Frequency (KHz)

100000

50000

10000

5000

1000

500

100

50

10

A-Vcc=5.0V C=233pF
B-Vecec =33V C=33pF

\\
™
NN
N\
N
AN
AN
\\
\i\
N
\\\\
\\
AN
N\
A\
\
\\
A
N B
1 5 10 50 100 500 1000 5000 10000
Resistance (K Ohms)
Legend: Note: STD Mode

(Not Low EMI Mode)

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

Figure 54. Typical Frequency vs RC Resistance
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DEVICE CHARACTERISTICS (Continued)

g g
g 8

2
8

a4/

Frequency KHz

@
8

100

10

Legend:

A-Vce=5.0V R=22KOhms
B -Vecec=5.0V R =56 KOhms
C - Vec = 5.0V R =100 K Ohms
D-Vee = 5.0V R=1MOhms
C-Vec=5.0V R=4MOhms

100

150

200

250
Capacitance (pF)

Note: Notin Low EMI Mode

Figure 55. Typical RC Resistance/Capacitance vs Frequency
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(nA) Legend:
15 A-Vce =3.0V
B - Vce = 4.5V
'\ C-Vee =50V
10 Pl c D-Vecec=5.5V
T
Zalk n
Yoo
5 A ‘ﬁt ] A
[
~N e
!
\ ! ]
0 ! LA payi Volts
1

d N

v 2V 3V 4V 5V eV A
25°C

Figure 56. Auto Latch Characteristics

v)
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INSTRUCTION SET NOTATION

Addressing Modes., The following notation is used to de-
scribe the addressing modes and instruction operations
as shown in the instruction summary.

Symbol Meaning

IRR Indirect register pair or indirect working-
register pair address

Irr Indirect working-register pair only

X Indexed address

DA Direct address

RA . Relative address

IM Immediate

R Register or working-register address

r Working-register address only

IR Indirect-register or indirect
working-register address

Ir Indirect working-register address only

RR Register pair or working register pair
address

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

Symbol Meaning

dst Destination location or contents
src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

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

IMR Interrupt mask register (R251)

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

Symbol Meaning

Carry flag

Zero flag

Sign flag

Overflow flag
Decimal-adjust flag
Half-carry flag

TO<NONO

Affected flages are indicated by:

0 " Clear to zero

1 Set to one

* Set to clear according lo operation
- Unatfected

X Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set
1000 Always True
o111 C Carry C=1
1111 NC No Carry C=0
0110 Z Zero Z=1
1110 NZ Not Zero Z=0
1101 PL Plus 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
111 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 Never True
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INSTRUCTION FORMATS

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

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC, opPc | MODE : ADC, ADD, AND, CP,
dstisrc or[[1110 [ astsre | Pop pusy RURLG, src or[1110] s | THIRISSI®
RR, RRC, SRA, SWAP dst orl 1110 dst
orc JP, CALL (Indirect)
dst orf1110] ast | OPC | MODE ADC, ADD, AND, CP,
dst or[T110] ast | R20RBEG SUB.
opC SRP VALUE
VALUE
MODE | opc LD
opC | MODE ADC, ADD, AND, CP, sre or| 1110 src
dst | src O %og SUB- oM. dst or[ 1110 dst
MODE | OPC LD, LDE, LDEI, MODE | oPC LD
dstsrc | src/dst LDC, Lbct dst/src X
ADDRESS
dsVsrc| OPC LD
sro/dst or[1110 src | cc | OPC P
DAU
ast | opc LD DAL
VALUE
oPC CALL
dstCC | OPG DJNZ, JR DAU
RA ' DAL
FFH STOPMHALT
6FH | 7FH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY

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

dst « dst + src

indicates that the source data is added to the destination
data and theresultis 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 Address Opcode Flags Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src czs dst src CZSVDH
ADC dst, src T 1] B S INC dst r e -k ok ok - -
dste—dst + src +C dste—dst + 1 r=0-F
R 20
ADD dst, src T 0[] ok ok R 21
(dste—dst + src
AND 05l s1c ¥ 5] — INCW dst RR A0 - ok ok ok - -
' T te—dst + 1 IR Al
dste—dst AND stc dste=st +
IRET BF R EEE
@SP<-PC, PCe@SP;
PCe-ost SPe-SP+2,
CCF EF * - - IMR(7)-1
CeNOTC JP cc, dst DA cD S
CLR dst R BO - - if ccis true, ¢=0-F
dste—0 R Bl PCedst IRR 30
COM dst R 60 - % JRcc, dst RA cB S
dste—NOT dst IR 61 if ccistrue, c=0-F
PC«PC + dst
CP dst, src t Al * ko Range: +127,
dst - src -128
DAdst R 40 * koo LD dst, src rom «C - - - - = -
dste—DA dst IR 4 dste=src r R 8
R r ]
DEC dst R 00 -k ok r=0-F
dste—dst - 1 IR 01 — 7
DECW dst RR 80 " X r o7
dste—dst - 1 IR 81 rIr B
Irr F3
DI . 8F - - - R R E4
IMR(7)<-0 R R B
|
DINZ', dst RA A N P
rer-1 r=0-F R R F5
ifr£0
PC«PC + dst LDC dst, src roim G2 R
Range: +127, (dste—src
-128
LDCI dst, src Ir Ir C3 - - - - - -
El 9F - - - (ste—src
IMR(7)¢-1 ret + 1;mre—r + 1
HALT 7F - - - NOP FF - - - - .
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INSTRUCTION SUMMARY (Continued)

Instruction Address Opcode Flags Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation . Mode Byte (Hex) Affected
dst src czsy H dst src CZSVDH
OR dst, src t 4] - %k % 0 - SUB dst, src t 2[ 1] EE N S O S
dste—dst OR src dste—dste—src
POP dst R 50 - - - - - SWAP (st R - FO X % % X - -
dst«<—@SP; IR 51 ] IR F1
SPSP +1 [7___+[2 o]
[ 1
PUSH src R 70 - - - - -
SP«SP-1; IR 7 TCM dst, src t 6[ ] - % ok 0 - -
@SP<src (NOT dst)
AND src
RCF CF 0 - - - -
Ce0 TM dst, src t 711 - ok ok 0 - -
dst AND src
RET AF - - - -
PC<@SP; XOR dst, src T B[ ] - %k sk 0 - -
SP<SP +2 dste—dst
XOR src
RL dst R 90 * ok %k k - -

[c] n iR 91 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‘[ |

RLC dst R 10 ¥ k kK - - s table, and its value is found in the following table 1o the left of the
e ——] R 1 applicable addressing mode pair.
[c]
For example, the opcode of an ADC instruction using the addressing
RR dst R E0 * %k k k - - modes r (destination) and Ir (source) is 13.
IR E1
ﬁ
) ] Address Mode Lower
RRC dst R co * ¥ * * - dst SIc Opcode Nibble
Rooa roo 12
SBC dst, src 1 3[] % %k % sk 1 % r Ir . [3]
dste—dste—src—C
R R (4]
SCF DF 1 - - - -
Ce R IR (5]
SRA dst R DO * % %k 0 -
‘ R D1 ROM (6]
‘ F]m R IM : 17]
SRP dst Im 3 - - - - -
RP¢src
STOP 6F 1 - - - -




OPCODE MAP

Lower Nibble (Hex)

E

(] 1 2 3 a4 5 6 7 8 9 A B c D F
6.5 6.5 6.5 6.5 105 10.5 10.5 105 6.5 65 [12/10.5]112/10.01 65 [12.100] 65
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ | JR LD JP INC
R1 IR1 | r1,r2 | r1,Ir2 | R2,R1 |IR2,R1|R1,IM |IR1,IM| r1,R2 | 12, R1 | r1,RA | cc.RA | 11.IM [cc.DA| 11
6.5 6.5 6.5 6.5 10.5 10.5 10.56 10.5
1 RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r1,r2 | r1,Ir2 | R2,R1 |IR2, R1 | R1, M | |R1, M
6.5 6.5 6.5 6.5 10.5 105 10.5 10.5
2 INC INC suB suB SUB | sSuB suB suB
R1 IR1 r1,r2 | r1,r2 { R2,R1|IR2, R1 | R1,IM | IR1, IM
8.0 6.1 6.5 6.5 105 [ 105 [ 105 [ 105
3 JpP SRP SBC | SBC | sBC SBC SBC SBC
IRR1 ™M r1,12 | r1,Ir2 | R2,R1|IR2, R1 | R1, M | |R1, M
8.5 8.5 6.5 6.5 105 10.5 10.5 10.5
4 DA DA OR OR OR OR OR OR
Rt IR1 1,12 | 11,12 | R2,R1 |IR2, R1|R1, IM | IR1, IM
10.5 10.5 6.5 6.5 10.5 105 105 105 6.0
5 POP | POP | AND | AND | AND | AND | AND | AND wDT
R1 IR1 r1,r2 | r,Ir2 | R2,R1 }IR2, R1 { R1, IM }IR1, IM
6.5 6.5 6.5 6.5 105 105 105 10.5 6.0
6 COM | COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
’g R1 IR1 rl,r2 | r1,1r2 | R2,R1 }IR2, R1 | R1,IM | IR1, IM
T 10/12.1[12/14.1] 6.5 6.5 10.5 105 10.5 105 7.0
o 7 PUSH|PUSH| ™ ™ ™ ™ ™ ™ HALT
._g R2 IR2 rl,r2 | r1,1r2 | R2,R1 |IR2, R1 | R1,IM | IR1, IM
z 105 | 105 6.1
s 8 DECW | DECW DI
2 RR1 | IR1
b 65 | 65 6.1
9 RL RL El
R1 IR1
10.5 10.5 6.5 6.5 10.5 10.5 105 105 14.0
A INCW | INCW CP cp cp cP cP CcP RET
RR1 IR1 r,r2 | r1, 2 | R2,R1|IR2, 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 r1,12 | r1,Ir2 | R2,R1 |IR2, R1| R1, M [IR1, IM
6.5 6.5 12.0 18.0 10.5 6.5
[ RRC | RRC | LDC | LDCI LD RCF
R1 IR1 1, rr2 | Ir1, frr2 r1,x,R2
6.5 6.5 20.0 20.0 10.5 6.5
D SRA SRA CALL* CALL LD SCF
R1 IR1 IRR1 DA [r2xR1
6.5 6.5 6.5 105 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, M
8.5 85 6.5 10.5 6.0
F SWAP | SWAP LD LD NOP
R1 | IR1 i1, 12 R2, IR1 M 1 Y
. ~ A ~ A ~ J\.YJL e’
2 3 ) 2 3
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
. Nibble o r = 4-bit address
Execution J Pipeline Rqor rp=Dstaddress
Cycles Cycles Ror rp=Src address
Sequence:
OUPP:" 1(?P5 . Opcode, First Operand,
peode ——seA *——— Mnemonic Second Operand
Nibble R4, Ro
Note: The blank are not defined.
First Second * 2-byte instruction appears
Operand Operand as a 3-byte instruction
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PRELIMINARY PRODUCT SPECIFICATION

286C08

CMOS Z8°® 8-BIT
MICROCONTROLLER

FEATURES
B 8-bit CMOS microcontroller
7 m  18-pin DIP
B Low cost
m 3.0tob5.5VoltV range
B Low power consumption; 50 mW (typical)
B Brown-Out protection
M Fastinstruction pointer; 1 microsecond at 12 MHz
® Two standby modes - STOP and HALT
® 14 Input/Output lines

m Al digital inputs at CMOS levels; Schmitt triggered

2 Kbytes of ROM
m 124 Bytes of RAM,

®m  Two programmable 8:bit counter/timers each with a
6-bit programmable prescaler.

W Sixvectored, priorityinterrupts from six different sources
m  Clock speeds 8 and 12 MHz

m  Watchdog/Power-On Reset Timer

® 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
786C08 is amember of the Z8 single-chip microcomputer
family with 2 Kbytes of ROM and 124 bytes of general-
purpose RAM. The device is housed in an 18-pin DIP, and
is manufactured in CMOS technology. The Zilog Z86C08
offers all the outstanding features of the Z8 family archi-
tecture, and easy software/hardwaré system expansion
along with low cost, low power consumption.

The Z86C08 is characterized by a flexible I/O scheme, an
efficient register and address space structure, and a
number of ancillary features that are useful inmany con-
sumer, industrial and advanced scientific applications.

The device applications demand powerful /O capabilities.
The Z86CO08 fulfills this with 14 pins dedicated toinputand
output. These lines are grouped into three ports, and are
configurable under software control to provide 1/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.

To unburden the program from coping wilh real-time
problems such as counting/timing and 1/O data commu-
nications, the Z86C08 offers two on-chip counter/timers
with alarge number of user selectable modes. Also, there
are two on-board comparators that can process analog
signals with a common reference voltage (Figure 5).

Note: 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). ’
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GENERAL DESCRIPTION (Continued)

Input Vee GND XTAL
N] Machine
Port3 <—‘ ] Timing & Inst.
ll Control
Counter/
Timers (2) ﬁ; ALU
it " FLAG o Ml
nterrup! rg. Memory
Control <: 2048 x 8-Bit
Register ﬁ
Two Analog Pointer -
K rogram
Comparators Register File C(?ugnter
144 x 8-Bit ﬂ
Port 2 Port 0 <T_
o /o]

(Bit Programmable)

Figure 1. Functional Block Diagram

PIN DESCRIPTIONS AND SIGNAL FUNCTIONS

This Section describes the pin numbers and respective
signals plus their functions (Figure 2 and Table 1).

P24
P25
P26
P27
vce
XTAL2
XTAL1
P31
P32

S I e O o Y

© 0 N O g bd» w0 N =

_/

18 | ] P23
17 [ P22
16 |1 P2t
15 |1 P20
14 | ] eND
13 [ po2
12 [ Pot
11 | Poo
10 |J P33

Figure 2. Pin Configuration

Table 1. Pin Identification

Pin# Symbol Function Direction
1-4 pP24-7 Port 2 pin 4,5,6,7 In/Output
5 o Power Supply, Vy, Input

6 XTAL2  Crystal Oscillator Clock  Input

7 XTAL1  Crystal Oscillator Clock  Output

8 P31 Port 3 pin 1, AN1 Input

9 P32 Port 3 pin 2, AN2 Input

10 P33 Port 3 pin 3, REF Input
11-13 P0OO-2 Port 0 pin 0,1,2 In/Output
14 GND Ground, Vg Input
15-18 P20-3  Port2pin0,1,2,3 In/Output
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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 (P00-P02). Port 0 is a 3-bit 1/O, nibble program-
mable, bidirectional, CMOS compatible 1/O port. These 3
1/0 lines can be configured under software control lo be an
input or output (Figure 3).

MCU -

Port 0 (1/0)

OEN {>o

QOut

1.5 <& 2.3 Hysteresis

PAD

r |

| | Auto Latch
' |

' |

|

Figure 3. Port 0 Configuration
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PIN DESCRIPTION AND SIGNAL FUNCTIONS (Continued)

Port 2 (P20-P27). Port 2 is an 8-bit I/0, bit programmable,  output, independently. Bits programmed as outpuls may
bidirectional, CMOS compatible I/O port. These 81/Olines  be globally programmed as either push pull or open drain
can be configured under software controltobe aninputor  (Figure 4). )

MCU Port 2 (1/0)

Open Drain

PAD
Out )
1.5 <@ 2.3 Hysteresis
In é}
\1T——— - - —
| | Auto Latch
| \ !
| R == 500 kQ I
L _ I

Figure 4. Port 2 Configuration
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Port 3 (P31-P33). Port 3 is a 3-bit, CMOS compatible port
with three fixed input (P32-P33) lines. These three input
lines can be configured under software control as digital

inputs or analog inputs. These three inputlings can also be
used as the interrupt sources IRQO-IRQ3 and as the timer
input signal (T,) (Figure 5).

f————————
MCU ———————— > Port 3
f———————————————
R247 = P3M .
0= Analog
| o] | ¥t
DIG.
P31
PAD ™
P31 (AN1) - Datalatch
| } | IRQ, Tin
+ 1
AN.
|
. |
! ‘ IRQ3
* P32
Data Latch
PAD |——-o\_\ | —
D P32 (AN2) | p- [RQO
+ |
: |
[] ' |
P33 (REF) *
PAD
P33
~ [ g Datalatch
Vee /_o > IRat

IRQ 0,1,2 = Falling Edge Detection
IRQ3

= Rising Edge Detection

Figure 5. 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 90dB and
60dB, respectively.

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

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

Reset. Upon power up the power-on reset circuit waits for
50 msec plus 18 crystal clocks and then starts program
execution at address %000C (HEX ) (Figure 6). Reference
the Z86C08 control registers' Reset value (Table 2).

INT OSC XTAL OSC
POR ! l
(Cold Start)
Delay Line 18 CLK Chi
50 r¥-sec ™1 ResetFilter g Reszt
P27
(Stop Mode)

Figure 6. Internal Reset Configuration

Table 2. Z86C08 Control Registers

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

F1 ™R 0 0 0 0 0 0 0 O

F2 1] u u uuuuuu .

F3 PREl U U U U U U 0 O

F4 T0 Uu uUu u uuuuu

F5 PREO U U U'U U U U O

F6e* P 1 1 1 1 1 1 1 1 Inputsafter
reset

Fr* PBM U U U U U U 0 0

Fg* POMM U U U 0 U U 0 1

F9 IPR u uuvuuvuuuvuuwu

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

' tion

PB MR 0 U U U U U U U

PC FIAGS U U U U U U U U

FD RP 0 0 0 00 0 0 O

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:

* A reset after a low on P27 to get out of stop mode may affect device
reliability.

Program Memory. The Z86C08 can address up to 2Kbyles
of internal program memory (Figure 7). The first 12 bytes of
program memory are reserved for the interrupt vectors.
These locations contain six 16-bit 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 4 - - - - — - — — -
After RESET 12 [™W
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt
Vector ¢ . IRQ3
{Lower Byte) ™~
5 [™a IRQ2
4 v IRQ2
Interrupt _—"
Vector g IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 7. Program Memory Map
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Register File. The Register File consists of three 1/O port
registers, 124 general purpose registers, and 15 control
and status registers (RO-R3, R4-R127 and R241-R255,
respectively - Figure 8). The Z86C08 instructions can
access registers directly or indirectly via an 8-bit address
‘field. This allows short 4-bit register addressing using the

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 0 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 8. Register File

Register Pointer. In the 4-bit mode, the regisler file is
divided into eight working register groups, each occupy-
ing 16 continuous locations. The Register Pointer (Figure
9) addresses the starting location of the active working-
register group.

-—>{| 7 % "5 "4 | '3 2 71 "o |R253

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

R127

- - The lower nibble
of the register
file address

|- provided by the
instruction points
to the specified
register.

Specified Working
Register Group <

R15

~_ _/OPots

Figure 9. Register File
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FUNCTIONAL DESCRIPTION (Continued)

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 10).

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 (T0) or IRQ5 (T1) is generated.

The counter can be programmed to start, stop, restart lo
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 prescaiers 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
internalmicroprocessor clock divided by four, or an external
signal input via Port 3. The Timer Mode register configures
the external timer input (P30) as an external clock, a trigger
input thatis retriggerable or not retriggerable, or as a gate
input for the internal clock.

Internal Data Bus

Write * i L Write i lL Read * ﬁ
0sc
PREO TO TO
Initial Value Initial Value Current Value
] Register Register Register
2 )l U
6-Bit 8-Bit
-1 Down - Down
Counter Counter — . eV ]
¢—— Internal
Clock
y }
External Clock
Clock
Logic - -
- ‘ 6-Bit 8-Bit —» |RQS
+4 Down -} Down
\ Counter Counter
. Internal Clock ﬁ ﬁ l
Gated Clock PRE1 T1 . T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register

Tin P31

wio T {1

wiol L neas! dJ

Internal Data Bus

Figure 10. Counter/Timers Block Diagram
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Interrupts. The Z86CO08 has six interrupts from six different

-sources. These interrupts are maskable and prioritized
(Figure 11). The six sources are divided as follows: the
falling edge of P31 (AN1), P32 (AN2), P33 (REF), the rising
edge of P32 (AN2), and the two counter/timers. The Inter-
rupt Mask Register globally or individually enables or
disables the six interrupt requests (Table 3).

When more than one interrupt is pending, priorities are
resolved. by a programmable priority encoder that is
controlled by the Interrupt Priority register. All Z86C08
interrupts are vectored through locations in program
memory. When an Interrupt machine cycle is activated, an
interrupt request is granted. This disables all subsequent
interrupts, saves the Program Counter and Status Flags,
and then branches to the program memory vector location
reserved for that interrupt. This memory location and the
next byte contain the 16-bit starting address of the inter-
rupt service routine for that particular interrupt request.

Toaccommodate polledinterruptsystems, interruptinputs
are masked and the interrupt request register is polled to’
determine which of the interrupt requesls needs service.

Table 3. 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
10 IRQ4 8,9 Internal

T IRQ5 10,11 Internal

Notes:

F=Falling edge triggered
R=Rising edge triggered

IRQO - IRQ5

{4

Global
Interrupt
Enable

Interrupt
Request

\O’)

IPR

11!

PRIORITY Ny
LOGIC

U

Vector Select

Figure 11. Interrupt Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

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 XTAL1 and XTAL2
using the recommended capacitors (capacitance is be-
tween 10 pF to 250 pF which depends on the crystal
manufacturer, ceramic resonator and PCB layout) from
each pin to ground (Figure 12).

HALT Mode. Turns off the internal CPU clock but not the
crystal oscillation. The counter/timers and externalinterrupts
IRQO, IRQ1, and IRQ2 remain active. The device can be
recovered by interrupts, either externally or internally
generated. The program execution begins at location
000C (HEX).

STOP Mode. This instruction turns off the internal clock
and external crystal oscillation and reduces the standby
currentto 10microamps. The STOP Mode can be released
by two methods. The first method is a RESET of the device
by removing VCC. The secondmethodisif 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-
1ion 000C (HEX). However, when P27 isused torelease the
STOP Mode, the 1/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
xtall
C1 L |

STOP

Ceramic
Resonator
or Crystal

In order to enter STOP (or HALT) mode, it is necessary 1o

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 enabled
by instruction WDT. When the WDT is enabled, it cannotbe
stopped by the instruction. With the WDT instruction, the
WDT should be refreshed once the WDT is enabled within
every 15 msec; otherwise, the Z86C08 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 msec. Otherwise, the WDT times out and generates a
reset. The generated resetis the same as apower on reset
of 50 msec +18 XTAL clock cycles.

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, itjustmakes it possible to have the WDT function
running during HALT Mode. A WDH instruction executed

without executing WDT (5FH) has no effect.

xtall

xtal2

External Clock

Figure 12. Oscillator Configuration
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Brown-OutProtection (V,,).The brown-outtrip voltage (Vg,)
is less than 3 volts and above 1.4 volts under the following

conditions:

Maximum (Vg,) 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

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

Vce  2.80

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 al 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 pointis a function of temperature
and process parameters (Figure 13).

2 MHz (Typical)
Temp -40°C  0°C  +25°C  +70°C  +105°C
Veo 255 24 21 17 16

(Volts)

2.60

2.40

2.20

2.00

1.80

\ VBO (Typical)

1.60

N

1.40

AN

60 -40 20 0 20

40 60 80 100 120 140
Temperature (°C)

* Power-on Reset threshold for Vo and 4 MHz Vg overlap

Figure 13. Typical Z86C08 V,, vs. Temperature
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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 14).

+5V

2.1kQ

From Output

Under Test ©

9.1kQ

]
117

Figure 14. Test Load Diagram

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min Max Units
Ve Supply Voltage* 03 47 Vv
Tsia Storage Temp -65°  +150° C
T, Oper Ambient Temp 1 T C
Notes:

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

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

CAPACITANCE

T, =GND =0V, f = 1.0 MHz, unmeasured pins 1o GND

Parameter Max

Input capacitance 10 pF
Output capacitance 20 pF
1/0 capacitance 25 pF

V,, SPECIFICATION
LowV,, 3.3V £0.3V
High V., 5.0V 0.5V
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DC ELECTRICAL CHARACTERISTICS

Symbol  Parameter Vee T,=0°C T,=-40°C Typical  Units  Conditions
to +70°C to +105°C @ 25°C
Min Max Min Max
Max Input Voltage 3.0v 12 12 Vo V,=250pA
55V 12 12 Vv V,, =250 pA
Veu Clock Input High 3.0v 0.7V, Vt03 0.7V, V0.3 1.7 \ Driven by External
Voltage Clock Generator
55V 07V,  V,+03 0.7V, V03 2.75 v Driven by External
Clock Generator
' Clock Input Low 30V, V03 02V, V03 02V, 0.8 V- Driven by External
Voltage Clock Generator
55V V03 02V, V03 02V, 15 Vv Driven by External
Clock Generator
Vi Input High Voltage 30V 07V, V+03 07V,  V,+03 18 Vv
55V 07V,  V+03 07V,  V,+03 28 v
A Input Low Voltage 3.0V V03 02V, V03 02V, 0.8 v
55V V03 02V V03 02V 15 v
|/ Output High Voltge 3.0v V0.4 V0.4 3.0 v lyy=-2.0mA
55V V04 V04 48 v lg="2.0mA
3V V04 V04 V. LowNoise @0.5mA
55V V04 V04 V. LowNoise @0.5mA
Vas Output Low Voltage 3.0V 08 08 0.2 Vo ly=+40mA
55V 04 04 0.1 v Iy =+4.0 mA
3.0v 0.4 04 v Low Noise @ 0.5 mA
55V 04 0.4 \ Low Noise @ 0.5 mA
Voo Output Low Voltage 3.0V 1.0 1.0 038 v I = +12 mA,
3 Pin Max
55V 0.8 0.8 0.3 v Iy =+12 mA,
3 Pin Max
fr— Comparator Input 3.0v 25 25 10 mv
Offset Voltage 55V 25 25 10 mv
Vio V. Brown Qut Voltage 15 2.7 1.0 2.95 21 V. @2MHz Max,
Ext. CLK Freq
I Input Leakage 3.0v -1.0 1.0 -1.0 1.0 pA V=0V, VY,
(Input Bias 55V -1.0 1.0 -1.0 1.0 pA V=0V, Vv,
Current of
Comparator)
lo Output Leakage v -10 1.0 -1.0 10 A V=0V Y,
55V -1.0 1.0 -1.0 1.0 M V=0V, V.
Vier 0 Vie-0.7 0 Ve -1.0 v

83



DC ELECTRICAL CHARACTERISTICS (Continued)

Symbol Parameter Ve T,=0°C T,=-40°C Typical Units  Conditions
to +70°C to +105°C @ 25°C
Min Max Min  Max
lec Supply Current 3.0v 35 35 15 mA -All Output and I/0 Pins
Floating @ 2 MHz
55V 7.0 7.0 30 mA All Output and 1/0 Pins
Floating @ 2 MHz
3.0v 8.0 8.0 30 mA All Output and 1/0 Pins
Floating @ 8 MHz
55V 11.0 1.0 6.0 mA All Qutput and 1/0 Pins
Floating @ 8 MHz
3.0v 10 10 36 mA All Output and 1/0 Pins
Floating @ 12 MHz
55V 15 15 9.0 mA Al Output and 1/0 Pins
Floating @ 12 MHz
leet Standby Current 3.0v 25 25 0.7 mA HALT Mode V,, = 0V,
Ve, @2 MH;
55V 40 5.0 25 mA HALT Mode V,,, = 0V,
V,, @2MHz
3.0V 40 4.0 1.0 mA HALT Mode V= OV,
Ve @8 MHz
55V 5.0 5.0 3.0 mA HALT Mode V,, = OV,
Ve @8 MHz
3.0V 45 45 15 mA HALT Mode V= OV,
V, @12 MHz
55V 70 7.0 40 mA HALT Mode V,, = 0V,
Ve, @12 MHz
lee Supply Current 3.0V 35 35 15 mA Al Qutput and 1/0 Pins
(Low Noise Mode) Floating @ 1 MHz
55V 7.0 70 42 mA All OQutput and 1/0 Pins
Floating @ 1 MHz
3.0v 5.8 58 30 mA All Output and 1/0 Pins
Floating @ 2 MHz
5.5V 9.0 9.0 6.0 mA All Qutput and 1/0 Pins
Floating @ 2 MHz
3.0v 8.0 8.0 44 mA All Output and 1/0 Pins
Floating @ 4 MHz
5.5V 1.0 11.0 9.0 mA All Qutput and 1/0 Pins
Floating @ 4 MHz
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Symbol Parameter Vee T,=0°C T,=-40°C Typical Units  Conditions
to +70°C to +105°C @ 25°C
Min Max Min Max
ey Standby Current 3.0V 08 1.2 04 mA HALT Mode V= OV,
(Low Noise Mode) Ve @1 MHz
5.5V 1 16 09 mA  HALT Mode V= OV,
V,, @1MH:
3.0V 08 15 05 mA  HALT Mode V= OV,
V,, @2 MHz
5.5V 1 19 1 mA HALT Mode V,, = 0V,
V, @2 MHz
3.0V TBD 20 08 mA  HALT Mode V= 0V,
Vg @ 4 MHz
55V 20 24 03 mA  HALT Mode V, = OV,
V,, @4 MHz
loco Standby Current 3.0V 10 20 10 pA  STOP ModeV,, =0V,
V. WDT is not Running
5.5V 10 20 1.0 PA STOP Mode v, = 0V,
V. WDT is not Running
y Auto Latch Low 3.0v 6.0 8.0 30 pA OV <V, <V
Current
55V 2 30 16 PA  OV<V, <V
lan Auto Latch High 3.0V -4.0 -5.0 -15 pA 0V<V, <V,
Current
5.5V 120 -20 80 A OV<V, <V,
Notes:
1] e, Typ Max  Unit Freq
Clock Driven on Crystal 3.0 5.0 mA 8 MHz
or XTAL Resonator 0.3 50 mA 8 MHz
[2] V. =0V=GND
[8] For2.75V operating, the device operates down to V.. The minimum

operational V. is determined on the value of the voltage V,, at
the ambient temperature. The V,, increases as the temperature
decreases.
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DC ELECTRICAL CHARACTERISTICS (Continued)
Timing Diagrams

I (1) I
® 3

Clock

IN

RS
o 6

Figure 15. Electrical Timing Diagram
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AC ELECTRICAL CHARACTERISTICS
Timing Table (Standard Mode)

No Symbol Parameter Vee T,=-40°C to +105°C Units Notes
8 MHz 12 MHz
Min Max Min Max
1 ToC Input Clock Period 3.0v 125 100,000 83 100,000 ns (1]
55V 125 100,000 83 100,000 ns [1]
2 TrC,TiC Clock Input Rise 3.0v 25 15 ns [1]
and Fall Times 55V 25 15 ns
3 wC Input Clock Width 3.0v 37 26 (1
55V 37 26 ns (1]
4 TwTinL Timer Input Low Width 3.0v 100 100 ns {1}
55V 70 70 ns (1l
5 TwTinH Timer Input High Width 3.0v 5TpC 5TpC [1]
55V 5TpC 5TpC [1]
6 TpTin Timer Input Period 3.0v 8TpC 8TpC (1]
55V 8TpC 8TpC {1
7 TrTin, Timer Input Rise 3.0v 100 100 ns [1]
TtTin and Fall Timer 55V 100 100 ns (1]
8 TwiL Int. Request Input 3.0V 100 100 ns 2
Low Time 55V 70 70 ns 12]
9 TwiH Int. Request Input 30V 5TpC 5TpC m
High Time 55V 5TpC 5TpC [1.2]
10 Twdt Watchdog Timer 3.0v 15 15 ms 1]
Delay Time 55V 10 10 ms 1]
1 Tpor 3.0V 24 24 ms {1
55V 12 12 ms [1]
Notes:

[1]1 Timing Reference uses 0.9 V. for a logic 1and 0.1V, for a logic 0.
[2] Interrupt request via 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 Lessthan 1 mA consumed during HALT mode, -0°C to
+70°C.

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

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

m  Qutputdrivers have resistances of 200 ohms (typical).

m  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
g -75
z
®
>
Q
-
®
S -80
o
-85
1 1 1 1 | 1 1 1
30-60 140-160 300-400 700-1000
Frequency (MHz)
Idle
———————————— Static
Switch




AC ELECTRICAL CHARACTERISTICS

Low Noise Mode

No Symbol  Parameter Ve T,=0°C 10 +70°C T,=-40°C to +105°C Units  Notes
1 MHz 4 MHz 1 MHz 4 MHz
Min  Max Min  Max Min  Max Min Max
5 TwTinH  Timer Input High Width ~ 3.0v  2.5TpC 25TpC 2.5TpC 25TpC (1]
55V 25TpC 25TpC 2.5TpC 25TpC (1]
6 TpTin Timer Input Period 3.0V 4TpC 4TpC 4TpC 4TpC -
‘ 55V 4TpC 4TpC 4T1pC 41pC (1]
7 Trin, Timer Input Rise 3.0v 100 100 100 100 ns (1]
TtTin and Fall Timer 55V 100 100 100 100 ns 1
8 Twl Int. Request Input 30V 100 100 100 100 s 12
‘ Low Time 55V 70 70 70 70 ns [1.2]
9 TwH Int. Request Input 30V 25TpC 2.5TpC 2.5TpC 2.5TpC (1]
High Time 55V 25TpC 25TpC 2.5TpC 2.5TpC 1.2
10 Twat Watchdog Timer 3.0v 25 25 25 25 ms (1]
Delay Time 5.5V 15 15 10 10 ms 1]

Notes:

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

[2] Interrupt request via Port 3 (P31-P33)
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR

{7 |os | o5 [ b4 | 03| 2] o1 | oo

L

No Function
Load Ty

Disable T Count
Enable T Count

No Function
Load T 4

Disable T4 Count
Enable T4 Count

Tin Modes

00 Extemal Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

140 =0 a0 =0

X

Figure 16. Timer Mode Register
(F1,,: Read/Write)

R242T1

{o7]os | 05| b4 | o3| o2 o1 | oo

I— T4 Initial Value

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

T Cument Value
(When READ)

Figure 17. Counter Time 1 Register
(F2,: Read/Write)

R243 PRE
|D7|D6|D5|D4ID3ID2|D1IDOI

I— Count Mode '

0 T4 Single Pass
1 T4 Modulo
Clock Source
1 T4qlintemal
0 T4 Extemal Timing Input
(Tiy) Mode

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

Figure 18. Prescaler 1 Register
(F3,;: Write Only)

R244 T
ID7|De|Ds|D4|Da|Da|D1|Do|

L—————————- T Initial Value

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

To Current Value
(When READ)

Figure 19. Counter/Timer 0 Register
(F4,: Read/Write)

R245 PREO
|D7IDGID5ID4ID3|02ID1IDOI

|— Count Mode

0 T, Single Pass
1 TgModulo N

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

Figure 20. Prescaler 0 Register
(F5,.: Write Only)

R246 P2M

|D7|De|ns|o4loalozlmInol

I— P2 7 - P2 I/O Definition

0 Defines Bitas OUTPUT
1 Defines Bit as INPUT

Figure 21. Port 2 Mode Register
(F6,,: Write Only)

R247 P3M

|D7IDGIDSIDAID!JIDZID;IDOI

I— 0 Port 2 Pull-Ups Open Drain

1 Port 2 Pull-Ups Active

Port 3 Inputs
0 Digital
1 Analog

X

Figure 22. Port 3 Mode Register
(F7,: Write Only)




R248 POTM
|D7IDGIDS|DAIDSID2|D1 |DoJ
—I_—— Py - POy Mode

00 = Output
01 Output

X

Must be 0

X

Figure 23. Port 0 and 1 Mode Register
(F8,,: Write Only)

R249 IPR
[5]oo[os [ [oo [o2]or 0]

T | C |

Interrupt Group Priority
000 Reserved
001 C>A>B
010 A>B>C
011 A>C>B
100 B>C>A
101 C>B>A
110 B>A>C
111 Reserved
IRQ1, IRQ4 Priority (Group C)
0 IRQ1 > IRQ4
1 IRQ4 > IRQ1
IRQO, IRQ2 Priority (Group B)
0 IRQ2 > IRQO
1 IRQO > IRQ2
IRQ3, IRQS Priority (Group A)
0 IRQ5 >IRQ3
1 IRQ3 > IRQ5

0

Figure 24. Interrupt Priority Register
(F9,,: Write Only)

R250 IRQ

|D7IDGIDS|04|DSIDZ|D1IDOI

I——— IRQO = P32 Input

IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P32 input
1RQ4 =TO
IRQ5 =T1

Reserved

Figure 25. Interrupt Request Register
(FA,: Read/Write)

R251 IMR

|D7|Ds|05|m|03|02|01lool

(D 0" IRQ0O)
Reserved

1 Enabl

Interrupts

Figure 26. Interrupt Mask Register
(FB,: Read/Write)

R252 Flags

ID7IDG|DS|D4IDBLD2|D1|DO|

| |—- User Flag F1
User Flag F2

Half Carry Flag

Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 27. Flag Register
(FC,: Read/Write)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R253 AP R255 SPL
|o7] o8] b5 b4 [ 3] o2 1 foo] |D7|Ds1ns|n41us|oz|m|no|

l——-— Don't Care I—_—— Stack Pointer Lower

Byte (SPq - SP7)

Register Pointer

Figure 29. Stack Pointer
Figure 28. Register Pointer (FF,: Read/Write)
(FD,,: Read/Write)
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DEVICE CHARACTERISTICS

lec (mA) 14.0
120
11.0 ~

10.0 e
9.0 ]
8.0 |~
70
6.0 -
50

4.0 et

3.0
20
1.0 -t

0

1

5.5V

Legend:
HALT o e —

ACHIVE e

3.0V

2 4 6 18 10 12

14

Frequency (MHz2)

Figure 30. Maximum . vs. Frequency

Icc (mA)

12.0

11.0
10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0

2.0

1.0
0

[

/ 5.5V

5.5V

_— 3.0v

+ 3.0V

» Frequency

2 4 6 8 10

HALT o = —
Active

12

Figure 31. Typical | vs. Frequency

v14 (MHz)
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DEVICE CHARACTERISTICS (Continued)

Vcce (Volt)

1
6.0

55

5.0

4.5

40

35

3.0

25

= 5.5V

2.0

15

1.0

5

-60

= 3.0V

3.0V
5.5V

-40 20 0 20 40 60 80 100 720 Temp

VoL mm wm e
V) ee—

Vcc (Volt)

A

6.0

Figure 32. V,, V,, vs. Temperature

5.5

e —— — i ———

5.0

4.5

4.0

3.5

3.0

25

2.0

1.5

1.0

()]

5.5V

5.5V

— o E— ——— e Y |\

= 3.0V

-60

-40 -20 0 20 40 60 80 100 120

VouVsTemp | o0

Vi Vs Temp s

Figure 33. V,,, V,, vs. Temperature
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lon

(mA)

I
2.0 3.0 4.0 5.0 6.0 v
0 T = ol
2.0 "
-3.0 Jy
l 1
-4.0 #y
sl /] i
-6.0 I/ ’/ 'I ’l,’ 1
Oy % 0 ' X
70 195° 25° -40°C 125 o5 -40°C
-8.0
3.0V
Y 55V ———

Figure 34. Typicall,, vs.V,,




DEVICE CHARACTERISTICS (Continued)

1o (MA)
80

0 5 ) y
z p
% N S

/
o0 1)
;‘? N \o‘/'
60 k5] N N
50 / y,

) // 5 \
/ a0
<
30 Y] N N
i 4

20 /

10

0.1 0.5 1.0 1.5 2.0 25 Vg (Volts)

Figure 35. Typical I, vs. V,,
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Time
(mSec)

120
100

90
80
70
60
50
40
30

20

10

1\

+125°C
+80 C
+25°C
o'c
-40°C
-50°C

N

|
3.0 35 4.0 4.5 5.0

Figure 36. Typical WDT Time Out Period
vs. V. Over Temperature

1
5.5

1
6.0
Voltage
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INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to de-
scribe the addressing modes and instruction operations
as shown in the instruction summary.

Symbol Meaning

IRR Indirect register pair or indirect worklng-
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
o111 C Carry C=1
1111 NC No Carry C=0
0110 Z Zero Z=1
1110 NZ Not zero Z=0
1101 PL Plus S=0
0101 Ml 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 Insigned 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 - Never true -
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INSTRUCTION FORMATS

oPC CCF, DI, El, IRET, NOP,
RCF, RET, SCF
[ dst | opc INCr

One-Byte Instructions

opc | MODE CLR, CPL, DA, DEC, opc | MoDE ADC, ADD, AND, CP,
dstisrc or[1110 [ asvsrc | PERYRUSH AL Hic, st or[1110] s | Famason
RR, RRC, SRA, SWAP dst OR|1110| dst
OPC JP, CALL (Indirect)
dst or[1110] ast ] OPC | MODE ADC, ADD, AND, CP,
dst or[1110] an | P ISGR™
oPC SRP VALUE -
VALUE :
_ | MoDE | oPc LD
OPC | MODE  ADC, ADD, AND, CP, ' src or[1110] =
dst_| sro : o Yog SuB.ToM. dst or[1110]| ast
MODE | OPC LD, LDE, LDEI, MODE | OPC LD
dsV/src | src/dst Lbe, Lbel dsVsrc X
ADDRESS
dssrc | OPC LD
src/dst orf1110 | sc | cc | opc . P
DAU
dst | opc LD DAL ' -
VALUE
oPc CALL
dst/CCL oPC DJINZ, JR DAU
RA DAL
FFH STOP/HALT
6FH | 7FH
Two-Byte Instructions Three-Byte Instructions
INSTRUCTION SUMMARY
Note: Assignment of a value is indicated by the symbol  notation "addr (n)" is used to refer to bit (n) of a given
"---". For example: operand location. For example:
dst - dst + src dst(7)

indicates that the source data is added to the destination  refers to bit 7 of the destination operand.
data and the resultis stored in the destination location. The
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INSTRUCTION SUMMARY (Continued)

Instruction Address Opcode Flags Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src czs dst src CZSVDH
ADC dst, src T 1] * %k ok INC dst r 13 -k ok ok - -
dste—dst + src +C dste—dst + 1 r=0-F
R 20
ADD dst, src T 0 ] * ok ok R 27
dste—dst + src
AND Gt 50 ¥ 501 _— INCW dst RR A0 -k ok ok - -
' B te—dst + 1 I A
(ste—dst AND src dstedst+ R
IRET BF kok sk ook sk ook
CALL dst DA D6 - - - FLAGS«@SP:
SPeSP-2 IRR D4 PeSPsl
@SP<-PC, PC@SP;
PCe—dst SPe=SP+2;
CCF EF * - - IMR(7)¢1
CeNOTC JP cc, dst DA P) B
CLR dst R BO .- . if cc is true, c=0-F
dste—0 R B1 PCe—dst IRR 30
COM dst R 60 R JR cc, dst RA cB R
dste-NOT dst IR 61 it cois true, ¢=0-F
PC«PC + dst
CP dst, src t ALl * sk ok Range: +127,
dst - src -128
DA dst R 40 k %k ok LD dst, src r Im C S
dst<—DA dst IR 4 dste—src r R 8
r 9
DEC dst R 00 - ok ok r=0-F
dste—dst - 1 R (i]] roX o7
DECW dst AR 80 -k ok X r b7
dste—dst -1 IR 81 : roir B
’ Ir F3
DI 8F - - - R R E4
IMR(7)«-0 R R E5
DJNZr, dst RA A - - - II:‘ :m Eg
{e—r-1 r=0-F R R F5
ifre0
PC«PC + dst LDC dst, src roIr C2 B
Range: +127, dstesrc
-128
LDCI dst, src Ir Ir C3 - - - - - -
El 9F - - - dste—src
IMR(7)¢1 rer+1;rmerm+1
HALT 7F - - - NOP FF - - - - -
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Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected
dst src CZSVDH
OR dst, src T 4] - k% 0 - -
dste—dst OR src
POP dst R 50 N
dst«@SP; R 51
SP¢SP +1
PUSH src - R 70 e
SP«SP-1; R n
@SP¢src
RCF CF 0 - - - --
Ce<0
RET AF - - - - - -
PC«<@SP;
SP<SP +2
RL dst R 90 % %k k k - -
R 91
1]
RLC dst R 10 % sk sk ok - -
) R 1
Ieet——1<]
[cl—{7__ o]
RR dst R E0 % % %k k - -
‘R E
5
RRC dst R co * %k k k - -
R C1
L ——H
SBC dst, src t 31 k %k %k k 1 %
dste—dste—srce—C
SCF DF 1 - - - - -
Cet
SRA dst R DO * %k % 0 - -
R D1
el 7] o]
kx
SRP st Im 3 - - - - - -
RP«src

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

STOP 6F 1 - - - - -
SUB dst, src t - 201 * ok ok ok 1 %k
dste—dste—src .
SWAP dst R FO X % % X - -

N IR F1

[7___4]3 o]

[
TCM dst, src t 6l ] -k k0 - -
(NOT dst)
AND sr¢
TM dst, src t 711 D% k0 - -
dst AND src
XOR dst, src t B[ ] - %k k0 - -
dste—dst
XOR src

1 These instructions have an identical set of addressing modes, which
are encoded for brevity. The firstopcode nibble is found in the instruction
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.

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

Address Mode Lower
dst src Opcode Nibble.
r r 12}
r Ir [3]
R R [4]
R iR [5]
R M (6]
IR M 171

1

Q
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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
6.5 6.5 6.5 6.5 105 105 105 10.5 65 6.5 [12/105 [12/10.0 [ 65 [12100| 65
o DEC DEC ADD | ADD | ADD | ADD ADD | ADD LD LD DJNZ JR LD JP INC
R1 IR1 ,r2 | r1,Ir2 |R2,R1 [R2,R1 |R1,IM [IR1,IM [ r1,R2 |r2,R1 |r1,RA |cc,RA |1, M |cc, DA 1
6.5 6.5 6.5 6.5 105 105 10.5 10.5
1 RLC RLC ADC | ADC | ADC | ADC ADC | ADC
R1 IR1 r1,r2 | r1,Ir2 [R2,R1 (R2,R1 |R1,IM [IR1, IM
6.5 6.5 6.5 6.5 10.5 10.5 10.5 105
2 INC INC SuB SuB SUB | suB SUB | suB
R1 IR1 1,12 | r1, 2 |R2,R1 [R2,R1 |R1,IM |IR1, IM
8.0 6.1 6.5 6.5 10.5 105 10.5 105
3 JP SRP SBC SBC SBC | sSBC SBC | SBC
IRR1 M r,r2 |1, Ir2 |R2,R1 IR2,R1 [R1,IM |IR1, M
8.5 85 6.5 6.5 105 10.5 10.5 10.5 4.0
4 DA DA OR OR OR OR OR OR WDH
R1 IR1 r,r2 Jr1,Ir2 |R2,R1 |R2,R1 |R1, M [|IR1, IM
10.5 10.5 6.5 6.5 10.5 105 105 105 5.0
5 POP POP AND | AND | AND | AND AND | AND wDT
R1 IR1 r1,r2 |1, Ir2 |R2,R1 {IR2,R1 |R1,IM [IR1, IM
6.5 6.5 6.5 6.5 105 105 10.5 10.5 6.0
6 COM (COM | TCM | TCM ( TCM [ TCM | TCM | TCM STOP
'g R1 iR1 r,r2 | r1,Ir2 |R2,R1 [IR2,R1 |R1, M [IR1, IM
z 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
'_g‘ R2 IR2 r, 12 1,12 |R2,R1 [IR2, R1 |R1,IM }|IR1, IM
= 105 | 105 6.1
§ 8 |DECW |DECW ]
Q RR1 IR1
> 6.5 6.5 6.1
9 RL RL El
R1 IR1
105 10.5 6.5 6.5 105 105 105 10.5 14.0
A INCW | INCW | cP cpP cP cP cp CcP RET
RR1 IR1 r,r2 | r1,1r2 |R2,R1 [IR2,R1 |R1,IM |IR1, IM
6.5 6.5 6.5 6.5 105 10.5 10.5 10.5 16.0
B CLR CLR XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1. M, r2 | r1,Ir2 |R2,R1 [R2,R1 |R1,IM [IR1, M
6.5 6.5 12.0 18.0 10.5 65 .
[+ RRC | RRC | LDC LDCI LD RCF
R1 IR1{r1, Ir2 ]It Ir2 r1,x,R2
6.5 6.5 20.0 20.0 10.5 6.5
D SRA SRA CALL* CALL | LD SCF
R1 IR1 IRR1 DA |r2,x,R1
6.5 6.5 6.5 10.5 10.5 105 105 6.5
E RR RR LD LD LD LD LD CCF
R1 IR1 r, IR2 |R2, R1 fIR2, R1 |R1, IM [iR1, IM
85 8.5 6.5 -10.5 6.0
F SWAP |SWAP LD LD NoOP
R1_| W1 Irt, 12 R2, IR1 YIYI|YIYI!YI|Y|Y
- A A A A ——
Y g g ¥
2 3 2 3
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
. Nibble . r = 4-bit address
Execution J Pipeline Rqor rq=Dstaddress
Cycle: Cycles Roor ro= Src address
4
Sequence:
O:g&eg A 1COF"5 M ., Opcode, First Operand,
— [—— Mnemonic
Nibble R, Ry Second Operand
Note: Blank areas not defined.
Fim/ Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction
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PRODUCT SPECIFICATION

Z86E08

CMOS Z8°® 8-BIT
MICROCONTROLLER

FEATURES

m  8-bit CMOS microcontroller

| m 18-pin DIP

B Low cost

- Low noise programmable

n ROM protect programmable

B 4.0105.5volt V range

W Low power consumption - 50 mw (typical)
B Fast instruction pointer - 1 microsecond at 12 MHz
B Two standby modes - STOP and HALT

B 14 Input/Output lines

| All digital inputs, CMOS levels, Schmitt triggered.

m 2 Kbytes of one time PROM
W 144 bytes of RAM

®m  Two programmable 8-bit counter/timers each with a
6-bit programmable prescaler.

B Six vectored, priority interrupts from five different
sources.

m Clock speeds - 8 and 12 MHz
m  Watchdog Timer

® Power-On Reset

m  Two Comparators

m  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 sophistication to single-chip architecture. The Z86E08 is
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 Z86E08 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.

The device applications demand powerful I/O capabilities.
The Z86E08 fulfills this with 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 slatus signals.

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

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

Note: 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).
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GENERAL DESCRIPTION (Continued)

Input XTAL
l l l Vee GND J 1
’ l l Machine
Port 3 <-—- v Timing & Inst.
{} Control
Counter/ _—_‘_5\
Timers (2) <: ALU _—I
OTP
Interrupt FLAG 2048 x 8-Bit
Control <: N
Register T
Two Analog K Pointer Program
Comparators Counter
General Purpose
Register File
124 x 8-Bit
Port 2 Port 0 K
o o
(Bit Programmable)
Figure 1. Functional Block Diagram
l} ~ D7-D0
Z8McU > X
ao-po| = | A10-A0 l
0
g 2K 5 [
Address |——N| 2 s o
Counter |—— EPROM <:> © 8
A10-A0 D7-D0 | & @
ROM PROT N
3 Bits p| Low Noise
» D7-DO
PGM 1
Mode Logic
Clear Clock EPM /CE PGM VPP /OE
P00 P01 P32 XT1 P02 ) P33 P31

Figure 2. EPROM Mode Block Diagram
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PIN DESCRIPTION

D4 1 ~ 18 [1 D3
ps[] 2 17 | ] p2
ps[] 3 16 | D1
p7[] 4 15 || Do
Vee [] s Z86E08 14 [ ] GND
Nne [ s 13 | ] /raM
ce ] 7 12 [ cLock
0E [| 8 11 j CLEAR
EPM [] o 10 |1 vep
EPROM Mode

Figure 3. Pin Configuration

Table 1. Pin Identification

P24 ] 1 ~ 18 | ] P23
pas ] 2 17 [ P22
P[] 3 16 | ] P21
P27 [ 4 266E08 15 ] P20
vee [| 5 14 [] GND
xtAL2 [} & 13 [J Po2
xTaLt [] 7 12 [ Pot
pa1[] 8 11 [ Poo
pa2[] o 10 | ] pas
Normal Mode

Figure 4. Pin Configuration

Table 2. Pin Identification

OTP Programming Mode

Z86E08 Standard Mode

Pin # Symbol Function Direction Pin#  Symbol Function . Direction
1-4 D4-7 Data 4,5,6,7 In/Output 1-4 P24-7 Port 2 pin 4,5,6,7 In/Output
5 Veo Power Supply Input 5 Veo Power Supply Input

6 N/C No connection 6 XTAL2 Crystal Osc. Clock  Output

7 /CE Chip Enable Input 7 XTALA Crystal Osc. Clock  Input

8 /OE Output Enable Input 8 P31 Port 3 pin 1 Input

9 EPM EPROM Prog Mode Input 9 P2 Porl 3 pin 2 Input

10 Ve Prog Voltage Input 10 P33 Port 3 pin 3 Input

11 Clear Clear Clock Input 11-13  P0OO-2 Port 0 pin 0,1,2 Input/Output
12 Clock Address Input 14 GND Ground Input

13 /PGM Prog Mode Input 15-18  P20-3 Port 2 pin 0,1,2,3 In/Output
14 GND Ground Input

15-18  DO-3 Data 0,1,2,3 In/Output
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PIN FUNCTIONS
OTP Programming Mode

D7-DO0. Data Bus. The data can be read from, or written to
the EPROM through this data bus.

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

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

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

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
voltage.

Clear. Clear (Active High). This pin resels the internal
address counter at the High Level.

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

/PGM. Program Mode (Active Low). Low Level at this pin
programs the data to the EPROM through the Data Bus.
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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 P00-P02. Port O is a 3-bit bi-directional, CMOS
compatible 1/0O port. These 3 1/O lines can be globally
configured under software control to be an input or output
(Figure 5).

Z86E08 |[€——— > Port 0 (/O)

Open D%

Out )

1.5-a— 2.3 Hysteresis

PAD

I : Auto Latch
| |
|

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

Port 2 P20-P27. Port 2 is an 8-bit, bit programmabile, bi- input or output, independently. Bits programmed as out-
directional, CMOS compatible I/O port. These eight /0 puts can be globally programmed as either push-pult or
lines can be configured under software control to be an  open-drain (Figure 6).

Z86E08 - >

- » .
> Port 2 (1/0)

Open Drain
o=,
PAD
A
. Out » |
1.5 2.3 Hystoresis
In prd
N r’ -_— = - - - [—

| ! Auto Latch
| W I
I R 2 500 kQ |
e |

Figure 6. Port 2 Configuration
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Port 3 P31-P33. Port 3 is a 3-bit, CMOS compatible port  inputs or analog inputs. These three input lines are also
with three fixed input (P30-P32) lines. These three input  used as the interrupt sources IRQO-IRQ3 and as the timer

lines can be configured under software control as digital  input signal (T, - Figure 7).

e
Z86E08 |lea— Port 3
-
0 = Digital

R247 =P3M 1 = Analog

| [of |

DiG. P31
PAD » Latch
| i h 1 IRQ2
P31 (AN1) AN. :
—1- 1
1
IRQ3
v P32 Data
PAD Latch
D ™ IRQo
P32 (AN2) + ‘
PAD
P33 (REF)

IRQ1

|

I

[}

1

|

:

I

v 1--» P33 Data

4\ . Latch

f—

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

Figure 7. Port 3 Configuration
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Z86E08 Standard Mode (Continued)

Comparator Inputs. Two analog comparators are added to
input of Port 3, P31 and P32, for interface flexibility. The
comparators reference voltage P3REF is common to both
comparators.

Typical applications for the on-board comparators; Zero
crossing detection, A/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
data inputs, or Tin through P31. Alternatively, the com-
parators can be disabled, freeing the reference input (P33)
for use as IRQ1 and/or P33 input.

SPECIAL FUNCTIONS

The Z8 MCUincorporates special functionstoenhance 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 msec plus 18 crystal clocks and then
starts program execution at address 000C (HEX). Refer-
ence Table 3 for the Z86E08 control registers' reset values
(Figure 8).

INT OSC XTAL OSC
PoR 1 1
(Cold Start) ,
l Delay Line 18 CLK Chip Reset
50 msec P! ResetFiliter [—°
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 Vcc 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 a retriggerable one-
shot timer that resets the Z8 if it reaches its terminal count.
The WDT is initially enabled by executing the WDT in-
struction 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

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

F1 TMR 0 0 0 0 0 0 0 0

F2 i ] U U U U U U U

F3 PRE1 U U u U U U 0 0

F4 T0 U U U U ] U U U

F5 PREO U U U U U 0] 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 0 U U 0 1

F9 IPR 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

FD RP 0 0 0 0 0 0 0 0

FF SPL U u U U U U U U

Note:

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

Program Memory. The Z86E08 addresses up 10 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 \
Executed N} - - - - - - - —
After RESET 12 [“w
" IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
IRQ3
Interrupt
Vector
(Lower Byte) 6\ IRa3
5 ™ IRQ2
4 v IRQ2
Interrupt _—"]
Vector
3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 9. Program Memory Map
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SPECIAL FUNCTIONS (Continued)

Register File. The Register File consists of three 1/O port
registers, 124 general purpose registers, and 14 control
and status registers RO-R3, R4-R127 and R241-R255,
respectively (Figure 10). General purpose registers oc-
cupy the 04H to 7FH address space. 1/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 Po(t 2 Mode P2M
245 TO Prescaler PREO
244 Timer/Counter 0 TO
243 T1 Prescaler PRE1
242 Timer/Counter 1 m
241 Timer Mode TMR
127 Not Implemented

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

1

Figure 10. Register File

instructions can access registers directly or indireclly via
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 inlo 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.

[

__.><| 7 g T5 Ty l T3 Ty Ty To |R253

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

R127

- - The lower nibble
of the register
file address

] provided by the

Specified Working

Register Group instruction points
to the specified
register

R15
L - — —_— — — —_— — —
/0 Ports R3

Figure 11. Register Pointer
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Stack Pointer. The Z86E08 has an 8-bit Stack Pointer
(R255) used for the internal stack that resides within the
124 general-purpose regislers.

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 divides the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its counter, which decrements the value
(1to256) thathas been loadedinto the counter. When both
counter and prescaler reach the end of count, a timer
interrupt requeslt IRQ4 (TO) or IRQS (T1) is generated.

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

The counters, but not the prescalers, are read al any lime
without disturbing their value or count mode. The clock
source for T1 is user-definable and is eilher the inlernal
microprocessor clock divided by four, or an external signal
input via Port 3. The Timer Mode register configures the
external timer input (P30) as an exlernal clock, a trigger
input that is retriggerable or not retriggerable, or used as
a gate input for the internal clock.

Internal Data Bus

wiey JJ

Write é il

Read 6 ﬁ
To

osc PREO .
Initial Value Initial Value Current Value
Register Register Register
)] Iy
6-Bit 8-bit
+4 | Down e Down
Counter Counter > |RQ4
&—— |Internal Clock
/
External Clock
Clock
Logic
6-Bit 8-Bit I .
4 Down oo Down
\ Counter Counter
Internal Clock i i i i
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
TIN P31

Write 4 ﬁ

Write % ﬁ

Flead4 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 different
sources. These interrupts are maskable and prioritized
(Figure 13). The five sources are divided as follows: the
falling edge of P31 (AN1), P32 (AN2), P33 (REF), and two
counter/timers. The Interrupt Mask Register globally or
individually enables or disables the six interrupt requests
(Table 4).

When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. All Z86E08 inter-
rupts are vectored through locations in program memory.
When an Interrupt machine cycle is activated, an interrupt
request is granted. This disables all subsequent inter-
rupts, saves the Program Counter and Status Flags, and

then branches to the program memory vector location ‘

reserved for that interrupt. This memory location and the
next byte contain the 16-bit starting address of the inter-
rupt service routine for that particular interrupt request.

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

T IRQ5 10,11 Internal

Notes:

F=Falling edge triggered
R=Rising edge triggered

IRQO - IRQ5

U

IRQ

Global
Interrupt
Enable

|||_|_|- |

IMR

IPR

11!

Interrupt
Request

PRIORITY
LOGIC

U

Vector Select

Figure 13. Interrupt Block Diagram
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Clock. The Z86EO8 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.

The crystal is connected across XTAL1 and XTAL2 using

the recommended capacitors (capacitance is between

10 pFto 250 pF dependingupon the crystalmanufacturer,
ceramic resonator and PCB layout) from each pin to
ground (Figure 14).

XTAL1 XTAL1 XTAL1
“T
_Ll XTAL2 XTAL2 XTAL2
*T
Ceramic Resonator LC Clock External Clock
or Crystal

Figure 14. Oscillator Configuration

HALT Mode. Turns off the internal CPU clock but not the
crystaloscillation. The counter/timers and external interrupts
IRQO, IRQ1, and IRQ2 remain active. The device is recov-
ered by interrupts, either externally orinternally generated.
The I in HALT state is I, (run mode) divided
by 10.

- STOP Mode. This instruction turns off the internal clock
and external crystal oscillation and reduces the standby
current to 10 pA. The STOP Mode is released by a RESET
via a STOP Mode Recovery (pin P27. Program execution
begins atlocation 000C (HEX). However, when P27 is used

torelease the STOP Mode, the I/O port mode registers are
not reconfigured to their default power-on conditions. This
prevents any /O, configured as output when the STOP
instruction was executed, from glitching to an unknown
state. To use the P27 release approach with STOP Mode,
use the following instruction:

OR P2M, #80H
NOP
STOP

Inorder 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 enabled
by instruction WDT. Whenthe 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 msec;
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 msec. Otherwise, the WDT times out and generates a
reset. The generatedresetis the same as a power-onresel
of 50 msec +18 XTAL clock cycles.
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SPECIAL FUNCTIONS (Continued)

Opcode WDH (4FH). When this instruction is executed it Auto Reset Voltage (V). The Z86E08 has an auto-reset
enables the WDT during HALT. If not, the WDT stopswhen  built-in. The auto-reset circuit resets the Z86E08 when it
entering HALT. Thisinstruction does notclear the counters,  detects the V,,; below V.. Figure 15 shows the Aulo Reset
it just makes it possible to have the WDT running during  Voltage vs temperature.

HALTMode. A WDH instruction executed withoutexecuting

WDT (5FH) has no effect.

Vece
(Volts)

250

2.45 ‘ /
2.40 /

2.35 ' |
- 4

2.30 ~

2.25 ~/

2.20 Temp
-5°C 25°C 75°C

Figure 15. Typical Auto Reset Voltage (V,,,) vs Temperature

118



Low EMI Emission

The Z86E08 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:

W Less than 1 mA consumed during HALT mode.

W All drivers slew rates reduced to 10 ns typical.

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

m  Outputdrivers have resistances of 200 ohms (lypical).

m Oscillator divide-by-two circuitry eliminated.

ROM Protect. ROM Protect fully protects the Z86E08 ROM
code from being read externally. When ROM protect is
selected, the Z86E08 will disable the instructions LDC and
LDCI (Z86E08 and Z86C08 do not support the instruclions
of LDE and LDEI).

User Modes. Table 5 shows the programming voltage of
each mode of Z86E0S.

Table 5. OTP Programming Table

User Modes Vep EPM /CE /OE /PGM ADDR DATA Vee
(P33) (P32) (XTAL1) (P31) (P0O2) (Port2)
EPROM Read X Va Vi Vo Viu Addr Data Out 5.0V
Program Vep X Vi Viu Vo Addr Data In 6.0V
Program Verify Vep X vV, Vo Viu Addr Data Out 6.0V
EPROM Protect Ve Vi, Vi, Vi A X X 6.0V
Low Noise | Vep Viu v, Vi Vi X , X 6.0V
Notes:

e =125V + 0.5V
V,=125V+ 05V
X =TTL Level (irrelevant)
V, =50V
vV, =0V

Internal Address Counter. The address of Z86E08 is gen-
erated internally with a counter clocked through pin PO1
(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. Figureéo shows the flow chart of
the Z86EO8 programming algorithm.

Table 6. Timing of Programming Waveform

Parameters Name Min Max
1 Address Setup Time 2 pusec
2 Data Setup Time 2 psec
3 Ve Setup Time 2 psec
4 Vee Setup Time 2 psec
5 Chip Enable SetupTime 2 psec
6 Program Pulse Width 0.95 msec 1.05 msec
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Low EMI Emission (Continued)

Table 6. Timing of Programming Waveform (Continued)

Parameters Name Min Max

7 Data Hold Time 2 usec

8 OE Setup Time i 2 usec

9 Dala Access Time ) 200 nsec
10 Data Output Float Time 100 nsec
11 Overprogram Pulse Width 2.85 msec 78.75 msec
12 : EPM Setup Time ) 2 psec

13 OE Setup Time 2 usec

14 Address to OE Setup Time 2 pusec

15 Option Bit Program Pulse Width 15 msec 78.75 msec

P01 = Clock

AV ANVANVA VAN

A X
POO = Clear -/ \
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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Vih

Data Vil Invalid x Valid X lnvalidX VaIidX

Vh - @ (c

EPM i it \
Vil

5V {(
P24

vcC
Vih

: \
CEB
Vil \ { y_/_
2

Vih —»| OMin j¢—— ‘c

OEB o
Vil

VPP |rrelevant

pgMB N (4

Figure 17. Z86E08 Programming Waveform (EPROM Read)
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Low EMI Emission (Continued)

Address

Data

VPP

vCC

CE

- PGM

OE

Vih
Vil X Address Stable X
vih — [ =O
Vil ){ Data Stable ?{ Data Out Stable ————
— [+
VPP
Vih
>

6V
5V /
Vh —B— —> <O

y
Vil \
Vih C

b
Vil
6 8

Vih u .
Vil /

[{¢——————— Program Cycle »le Verify Cycle ——|

Figure 18. Z86E08 Programming Waveform (Program and Verify)
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Address

Data

Vpp

Vce

CE

OE

EPM

PGM

Vih

Vil Address Don't Care

Vih

Vil X Data Don't Care

Vpp
Vih

Vih

Vih

1

Vil
® o

EPROM Protect Low Noise

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

Inc. Address
Counter

Addr = 0000

YES

Enter Prog. Mode
Vpp =12V Vec =6V

Program One
1ms Pulse

v

Increment X

FAIL
Verify Byte

PASS PASS

Prog. One Pulse
3x mS Duration

Inc. Address

Counter Last Addr ?

Exit Prog. Mode
Vpp= Vcc=5V

FAIL

Device Failed

Figure 20. Z86E08 Programming Algorithm
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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).

21kQ

From Output '
Under Test

150 pF == 9.1k Q

Figure 21. Test Load Diagram

ABSOLUTE MAXIMUM RATINGS

Symbol  Parameter " Min  Max Units

Voo Supply Voltage* -0.3 +7 \"
Tera Storage Temp 65 +150 C
T, Oper Ambient Temp 1

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

Stress greater than those listed under Absolute Maximum
Ratings may cause permanentdamage to the device. This
is a slress rating only; operation of the device al any
condition above those indicated in the operational sec-
tions of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

CAPACITANCE

T,=25°C, Vi, = GND = QV, f =1.0 MHz, unmeasured pins to GND.

Parameter Max

Input Capacitance 10 pF
Output Capacitance 20 pF
I/0 Capacitance 25 pF

V,, SPECIFICATION
Low Vg, 4.4V + 0.4V
High Vo 5.0V 05V
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DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Vee T,=0°C Typical Units Conditions
to +70°C @ 25°C
Min Max
Max Input Voltage 4.0v 12 v Vi =250 pA
55V 12 v V=250 pA
Vou Clock Input High 4.0v 0.7V, Ve +03 24 v Driven by External
Voltage Clock Generator
55V 0.7V, Ve t0.3 2.6 -V Driven by External
Clock Generator
Va Clock Input Low 4.0v V0.3 02V, 16 Driven by External
Voltage : Clock Generator
55V V0.3 0.2V, 23 v Driven by External
' Clock Generator
Vi Input High Voltage 4.0V 0.7V, Vi +0.3 2.1 v
55V 0.7V, V. +03 27 v
Vi Input Low Voltage 40V V0.3 0.2V, 12 v
55V V03 0.2V, 1.7 v
' Output High Voltge 40v V04 39 v loy=-2.0mA
55V V0.4 54 v Iy =-2.0mA
Vau Output Low Voitage 40V 0.8 0.2 v Iy =+4.0 mA
55V 04 0.2 v Iy =+4.0 mA
Voo Output Low Voltage 4.0v TBD 0.7 v Iy =+12mA,
3 Pin Max
55v 08 05 v Iy =+12mA,
i 3 Pin Max
Vorrser Comparator Input 4.0V 10 6 mv
Offset Voltage
55V 25 7 mv
Vesr . Auto Reset Voltage 155 2.7 24 v
l Input Leakage 40V -1.0 1.0 1.0 A V=0V, V,,
(Input Bias 55V -1.0 1.0 1.0 A V=0V, vV,
Current of
Comparator)
o Output Leakage 4.0v -1.0 10 1.0 1A V=0V, Vg,
55V -1.0° 1.0 1.0 pA =0V, V,,
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SymBoI Parameter Ve T,=0°C Typical Units Conditions

to +70°C @ 25°C
Min Max
lec Supply Current 4.0V 40 22 mA All Qutput and I/0 Pins
(Standard Mode) Floating @ 2 MHz
5.5V 70 5.0 mA All Qutput and 1/0 Pins
Floating @ 2 MHz
4.0V 9.0 45 mA Al Output and 1/0 Pins
Floating @ 8 MHz
55V 11.0 83 mA All Output and 1/0 Pins
Floating @ 8 MHz
4.0V 10 6.1 mA All Output and 1/0 Pins
Floating @ 12 MHz
5.5V 15 10.8 mA All Output and I/0 Pins
Floating @ 12 MHz
lect Standby Current 4.0V 25 0.5 mA HALT Mode V,,= 0V,
(Standard Mode) _ Vi @2 MHz
5.5V 4.0 1.0 mA HALT Mode V,,= OV,
Ve @2 MHz
40V 40 10 mA HALT Mode V,, = OV,
Ve @8 MHz
5.5V 5.0 20 mA HALT Mode V,,= 0V,
V. @8 MHz
4.0V 5.0 1.3 mA HALT Mode V= 0V,
Ve, @12 MHz
5.5V 70 2.3 mA HALT Mode V,, = 0V,
Ve @12 MHz
lee Supply Current 4,0V 40 22 mA All Output and 1/0 Pins
(Low Noise Mode) Fioating @ 1 MHz
55V 7.0 42 mA All Output and 1/0 Pins
Floating @ 1 MHz
4.0V 6.0 29 mA All Qutput and I/0 Pins
. Floating @ 2 MHz
5.5V 9.0 55 mA All Qutput and 1/0 Pins
Floating@2MHz
4.0V 8.0 44 mA All Qutput and 1/0 Pins
Floating @ 4 MHz
5.5V 11.0 79 mA All Output and I/0 Pins
Floating @ 4 MHz
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DC ELECTRICAL CHARACTERISTICS (Continued)

Symbol Parameter Vee T,=0°C Typical Units Conditions
to +70°C @ 25°C
Min Max
ey Standby Current 4.0V 12 04 mA HALT Mode V= OV,
(Low Noise Mode) Ve, @1 MHz
55V 1.6 09 mA HALT Mode V,, =0V,
Ve @1 MHz
40V 15 05 mA HALT Mode V,,, = 0V,
Ve, @2 MHz
55V 19 1 mA HALT Mode V= 0V,
Ve @2 MHz
40V 20 0.8 mA HALT Mode V= OV,
Ve @4 MHz
55V 24 13 mA " HALT Mode V,, =0V,
Ve @4 MHz
leca Standby Gurrent 40V 10 1.0 pA STOP Mode V,, =0V,
Y, WDT is not Running
55V 10 10 A STOP Mode V=0V,
V. WDT is not Running
(" Auto Latch Low 40V -7.0 -3.3 pA OV <V, <V,
Current
55V -1.0 -65 A V<V, <V
lun Auto Latch High 40V 10 -6.0 A 0V <V, <V
Current
55V 15 15 A V<V, <V
Notes:
11 I, 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] Vi =0V=GND
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AC ELECTRICAL CHARACTERISTICS

Clock

IRQ

Figure 22. Electrical Timing Diagram

AC ELECTRICAL CHARACTERISTICS

Low Noise Mode

No  Symbol  Parameter Vee T,=0°Ct0 +70°C Units Notes
1 MHz 4 MHz
Min Max Min Max
1 TpC Input Clock Period 4.0V 500 125 100,000 ns [1]
55V 500 125 100,000 ns [1]
2 TrC,TiC Clock Input Rise 4.0v 25 25 ns [1]
and Fall Times
55V 25 25 ns
3 TwC Input Clock Width 40v 225 37 ns (1]
55V 225 37 ns (1]
4 TwTinL Timer Input Low Width 4.0V 100 100 ns )
55V 70 70 ns [1]
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AC ELECTRICAL CHARACTERISTICS (Continued)
Low Noise Mode

No  Symbol  Parameter Vee T,=0°Ct0+70°C Units Notes
1 MHz ) 4 MHz
Min Max Min Max
5 TwTinH Timer Input High Width -~ 4.0V 1.5TpC 1.5TpC [1]
55V 1.5TpC 1.5TpC [1]
6 TpTin Timer Input Period 40v 4TpC 41pC 1]
‘ ‘ 55V 41pC 47pC )
7 TrTin, Timer Input Rise 40v 100 100 ns [
TtTin and Fall Timer )
55V 100 100 ns (1]
8 Twi Int. Request Input 4 100 100 ns 1.2
Low Time : :
55V 70 70 ns [1,2]
9 TwiH Int. Request Input 4.0V 1.5TpC 1.5TpC [1]
High Time
55V 1.5TpC 1.5TpC [12]
10 Twdt Watchdog Timer 40V 20 20 ms (1]
Delay Time
55V 15 15 ms 1
" TPOR Power On 40V 100 100 ms (1
Reset Time 5.5V 90 90 ms )
Notes:

[1] Timing Reference uses 0.9V for alogic 1and 0.1V, for alogic o.
[2] Interrupt request via Port 3 (P31-P33)
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AC ELECTRICAL CHARACTERISTICS
Standard Mode, Standard Temperature

No  Symbol Parameter Ve T,=0°Cto+70°C Units Notes
2 MHz 8 MHz 12 MHz
Min  Max Min Max Min Max
1 TpC Input Clock Period 40V 500 125 100,000 83 100,000 ns [1]
55V 500 125 100,000 83 100,000 ns 1]
2 TrC,TiC Clock Input Rise 40V 25 25 15 ns [1]
and Fall Times
55V 25 25 15 ns
3 ™ Input Clock Width aw 25 37 26 ns n
55V 225 37 26 ns [1]
4 TwTinL Timer Input Low Width 4.0V 100 100 100 ns 1]
. 55V 70 70 70 ns 1]
5 TwTinH Timer Input High Width 4.0V 31pC 3TpC 3TpC [1]
55V 3TpC 3TpC 31pC 1)
6  Tplin Timer Input Period 40V 8TpC 8TpC 81pC il
55V 8TpC 8TpC 87pC M
7 TrTin, Timer Input Rise 4.0v 100 100 100 ns [1]
TtTin and Fall Timer
5.5V 100 100 100 ns (1
8 Twil Int. Request Input aw 100 100 100 ns 12
Low Time
5.5V 70 70 70 ns [1,2]
9 TwlH Int. Request Input 40V 3TpC 3TpC 3TpC 1]
High Time
5.5V 3TpC 3TpC 3TpC 1,21
10 Twdt Watchdog Timer 40v 50 50 50 ms "
Delay Time ’
55V 45 45 45 ms [1]
1 TPOR Power On 4.0V 100 100 100 ms [1]
Reset Time 5.5V 90 90 90 ms [1]
Notes:

[1] Timing Reference uses 0.9 V_ for alogic 1 and 0.1V for alogic 0.
[2] Interrupt request via Port 3 (P31-P33)
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR
ID7|DG|DS|D4ID3|DZID1IDOI

l— 0 = No Function

1=Load Ty

0 = Disable T Count
1 =Enable Ty Count

0 = No Function
1=Load Ty

0 = Disable T4 Count
1 = Enable T4 Count’

TN Modes .

00 = External Clock Input
01 = Gate Input

10 = Trigger Input
(Non-retriggerable)

11 = Trigger Input
(Retriggerable)

X

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

R242 T1

|D7|De|os|o4|m|02|m|no|

I—————- Ty Initial Value

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

T4 Current Value
(When READ)

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

R243 PRE1

|D7|D6|DSID4|D3|D2|D1IDOI

I—-—- Count Mode

0 =Ty Single Pass

1=Tq ModuloN

Clock Source
1=Tq Intemal
0 = T4 External Timing Input
(T1n) Mode

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

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

R244 T0

ID7IDSID5ID4ID3|D2ID1IDOI

I— Tp Initial Value

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

To Current Value
(When READ)

Figrue 26. Counter/Timer 0 Register
(F4H: Read/Write)

R245 PREO

|D7IDG‘DS|DA|D3IDZID1IDOI

I— Count Mode

0 =T, Single Pass
1 =Tp ModuloN
X
P ler Modulo
{Range: 1-64 Decimal
01-00 HEX)

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

R246 P2M

|D7IDBID5ID4ID3IDZID1|DOI

I—————-—-—-—-—- P2 7 - P2( 1/O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

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

R247 P3M

ID7ID6|DSID4ID3IDZlD1 IDOI

|—— 0 Port 2 Pull-Ups Open Drain

1 Port 2 Pull-Ups Active

Port 3 Inputs
0 Digital
1 Analog

X

Figure 29. Port 3 Mode Register
(F7H: Write Only)
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R248 POIM

ID7|DG|D5|D4ID3ID£ID1IDO|

L PO 5- PO, Mode

00 = Output
01 = Input

X
Mustbe 0

R249 IPR

X

Figure 30. Port 0 and 1 Mode Register

(F8H: Write Only)

ID7|Ds|Ds|D4|os|oz|D1|Do| -

L |

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

IRQ1, IRQ4 Priority (Group C)
0=1RQ1 > IRQ4
1=1RQ4 > IRQ1

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

=IRQO > IRQ2

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

R250 IRQ

0

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

ID7|DB'D5|D4IDSID2ID1IDOI

I— IRQO = P32 Input

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

Reserved

Figure 32. Interrupt Request Register

(FAH: Read/Write)

R251 IMR

|D7|De|os|m|na|02|m|oo|

—

1 Enabl
(D =IRQO)

R,
F

IRQO-IRQ5

1 Enables |

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

R252 Flags

ID7IDG|D5|04IDGIDZID1|DOI

=

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

ID7IDSID5|D4|DSID2ID1IDOI

L——— Don't Care

Register Pointer

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

R255 SPL
{07 |ps | o5 | pa | ps| o2 ] o1 foo]

I— Stack Pointer Lower

Byte (SP7 - SPg)

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




Current 16
(ma) lcc at 5.5V

/ lcc at 4.0V

/ ._-____________——-
4/
8 B i e, o
/ / | ,
cct at 5.5
4 [N R | tect ata.ov
L eee—"
______._____-————-
2

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

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

Current lec at 5.5V
(ma) :
10 . 7

/' e _// cc at 4

3 7 .
//

2 [EUN SR SRR HS W

Lo Icc1 at 5.5V
_————_-
1 A I 1 —] lect at4.0v
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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Current 8
(ma)
7

6

1

/ ' lcc at 5.5V

- / lcc at 4.0V
/
/

________ >7f_;4 U

— o )
lect at 5.5V
lcc1 at 4.0V

1.0 1.5 2.0 25 3.0 35 4.0

Frequency (MHz)

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

Current
(ma)

1

10

0

/ Icc at 5.5V

- / lcc at 4.0V

lcc1 at 5.5V
—— | ———] lccl at 4.0V

1.0 1.5 2.0 25 3.0 35 4.0
Frequency (MHz)

Figure 40. Maximum | and I, vs Frequency in Low EMI Mode
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Time

(Msec)

Time
(Msec)

34

32

30

28

26

24

22

20

18

16

14

80
75 4.0V
/
70
/
65
L—
/
60 | — 4.5V
//
55
1 5.0V
/
45 5.5V
/, /
I Temp
35
-5°C 25°C 75°C
Figure 41. Typical POR Time Out Period vs Temperature
A 4.0V
/ ~
L~ _—
— a5V
/ //
/
/,/
/
—— 5.0V
/
" 5.5V
/
/
/// Temp
-5°C ’ 25°C 75°C

Figure 42. Typical WDT Time Out Period vs Temperature
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INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to de-
scribe the addressing modes and instruction operations
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 llag

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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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 (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 Insigned greater than or equal C=0
o111 uLT Unsigned less than C=1
1011 UGT Unsigned greater than (C=0 AND Z=0)=1
0011 ULE Unsigned less than or equal (COR Z)=1
0000 Never true
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INSTRUCTION FORMATS

[ st | opo

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

INC r

One-Byte Instructions

oPC | MoDE CLR, CPL, DA, DEC,
dst/src ORI 1110 | dst/src I g(E)gV%lljl;ﬁ Igf ‘gi_c
: RR, RRC, SRA, SWAP
OPC JP, CALL (Indirect)
dst or|1110] dst |
oPC SRP
VALUE
OoPC | MODE ADC, ADD, AND, CP,
5 OR, SBC, SUB, TCM,
st sre TM, XOR
MODE | opc LD, LDE, LDE,
dst/src | src/dst LDe, Lbet
dstisrc | OPC LD
sro/dst or[1110] sc |
dst | OPC LD
VALUE
dsvcc | oPC DJNZ, JR
RA
FFH STOPHALT
6FH | 7FH

Two-Byte Instructions

OPC | MOoDE ADC, ADD, AND., CP,
src OR| 1110 src .%.g-ﬁ?ﬁ?(%:u&
dst or[ 1110 dat

OPC | MODE ADC, ADD, AND, CP,
5| on [TT7s ] a] BN
VALUE

MODE | OPC o
sre or[1110] s
dt or[ 1110 ast

MODE | oPC b

dst/src b's

ADDRESS

cc | opc o
DAU
DAL
oPC CALL
DAU
DAL

Three-Byte Instructions

INSTRUCTION SUMMARY

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

dst --- dst + src

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

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

dst(7)

refers to bit 7 of the destination operand.
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INSTRUCTION SUMMARY (Continued)

Instruction Address Opcode Flags ' Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex)  Affected
dst src CZSVDH dst src czs
ADC dst, src T 1] * %k sk x 0 % INC dst r e - ok ok sk
dste—dst + src +C dste—dst +1 r=0-F
R 20
ADD dst, src 1 0] % sk %k %k 0 % R 27
dste—dst + src
AND GsL s T 5] —— INCW dst’ RR A0 - %k sk
’ - - dste—dst +1 IR Al
dste—dst AND src S
IRET BF ® Kk
CALL dst DA D6 - - - - - - FLAGS —@SP:
SPeSP-2 IRR D4 SPeSP41
@SPePC, PC@SP;
POedst SPeSP+2;
CCF EF * - - - - - MR
CeNOTC JPec, dst DA D I
CLR dst R BO o~ -~ ifccis true, c=0-F
dste-0 R B1 PCe—dst IRR 30
COM dst R 60 -k %0 - - #':ccics-tdrig RA gBo —
dste—NOT dst IR 61 ' =v-
< PCePC + dst
CP dst, src T All * %k ok k - - Range: +127,
dst - src -128
DA dst R 40 * %k %k X - - LD dst, src r Im 1C - - -
dst<—DA dst IR 41 dste—=src r R 8
- R r 9
DEC dst R 00 - % %k ¥ - - r=0-F
dste—dst -1 IR 01 X o7
DECW dst AR 80 -k ok ok - - X r D7
dste—dst - 1 IR 81 roIr B
Irr F3
DI 8F - - - - - - R R E4
IMR(7)<-0 R R B
R IM E6
DJNZT, dst RA A - - - - - - R M E7
I'(—r-1 I'=0~F R R F5
ifr£0
PC«PC + dst LDC dst, src r e G2 - - -
Range: +127, . © dste-src
-128
LDCI dst, src Ir i GC3 - - -
El 9F - - - - - - dste—src
IMR(7)1 rer+15me—rm+1
HALT 7F - - - - -- NOP FF - - -
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Instruction Address Opcode Flags Instruction Address Opcode Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Atiected
dst src czsv dst src CzZs DH
OR dst, src T 4 ] - % %k 0 SUB dst, src t 20] I R
dste—dst OR src dste—dste—sre
POP (st R 50 - - - - SWAP (st R FO X sk ok - -
Oste-@SP; R 51 IR F1
SP«SP +1
PUSH src R 70 - - - -
SP«SP-1; R n TCM dst, sric t 6l ] - ok ok 0 - -
@SP«src (NOT dst)
AND src
RCF CF 0 - - -
Ce0 TM dst, sric 1 711 -k ook - -
RET T —— dst AND src
PC@SP; WDH aF - - - - .-
SP¢SP +2
WDT 5F - - - - - -
RL dst R 90 * ok ok ok
R 91 XOR dst, src t Bl ] - %k 3k 0 - -
o}l Oste—dst
XOR src
RLC dst R 10 E I S
T ® A
+ These instructions have an identical set of addressing modes, which
are encoded for brevity. The first opcode nibble is found in the instruction
RR dst R E0 % ok % ok set table above. The second nibble is expressed symbolically by a‘[ |'
R E1 in this table, and its value is found in the following table to the left of the
5] applicable addressing mode pair.
For example, the opcode of an ADC instruction using the addressing
RRC dst FR 3(1) * ok ok ok modes r (destination) and Ir (source) is 13.
Lg-r—H
Address Mode Lower
SBC dst, src t 31 * ok ok ok dst src Opcode Nibble
Oste—dste—sree—C
r r 2]
SCF DF 1 - - -
Cel r Ir [3]
SRA dst R DO k % %k 0
R D1 RR ]
-il R IR (5]
SRP dst Im 3 - - - - R M (6]
RP&src
IR M 171
STOP 6F I
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OPCODE MAP

Upper Nibble (Hex)

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 6.5 105 10.5 105 105 6.5 65 [12/105 [12/100| 65 [12100| 65
DEC | DEC ADD | ADD | ADD | ADD ADD | ADD LD LD DJNZ | JR LD JP INC
R1 IR1 1,02 | r1,Ir2 |R2,R1 IR2,R1 [R1,IM [IR1,IM [ r1,R2 | r2,R1 |r1,RA |cc.RA [r1,IM [cc, DA r
6.5 6.5 6.5 6.5 105 10.5 105 105
RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r,r2 ) ri, 2 |R2,R1 |IR2, R1 |R1, IM |IR1, 1M
6.5 6.5 6.5 6.5 10.5 10.5 105 105
INC INC SUB | sUB | sUB | suB SUB | suB
R1 IRt r,r2 | r, 2 |R2,R1 |R2,R1 |R1, IM [IR1, IM
8.0 6.1 6.5 65 105 10.5 105 105
JP SRP SBC | SBC | SBC | SBC SBC | SBC
IRR1 M r,r2 | r1,Ir2 |R2, R1 |IR2,R1 |R1, IM [IR1, IM
85 85 6.5 6.5 105 10.5 10.5 105 4.0
DA DA OR OR OR OR OR OR WDH
Ri IR1 r1,r2 1,2 |R2,R1 IR2,R1 [R1,IM [iR1, IM
105 105 6.5 6.5 10.5 105 105 105 50
POP | POP | AND | AND | AND | AND AND | AND WDT
R1 IR1 ri,r2 {ri, Ir2 |R2,R1 R2,R1 [R1,IM [IR1, IM
6.5 6.5 6.5 6.5 105 105 105 105 6.0
COM | COM | TCM | TCM | TCM | TCM TCM | TCM STOP
R1 IR1 r,r2 | r1,Ir2 {R2, R1 IR2,R1 |R1, IM |IR1, IM
10/12.1 [12/14.1 6.5 6.5 105 105 105 105 70
PUSH | PUSH ™ ™ ™ ™ ™ | ™ HALT
R2 IR2 r1,r2 | r1,Ir2 |R2, R1 [IR2,R1 {R1, IM |IR1, M
10.5 105 6.1
DECW | DECW DI
RR1 IR1
6.5 6.5 6.1
RL RL El
Rl IR1
105 105 6.5 6.5 105 105 10.5 105 14.0
INCW | INCW | cP cP CcP cP cpP CcP RET
RR1 IR1 r,r2 | r1,Ir2 |R2,R1 [IR2,R1 |R1, IM |IR1, 1M
6.5 6.5 6.5 6.5 10.5 105 105 10.5 ,16.0
CLR CLR XOR | XOR | XOR | XOR XOR | XOR IRET
R1 IR1 ri,r2 | r1,Ir2 {R2,R1 [IR2, R1 {R1, IM |IR1, IM
‘6.5 6.5 120 18.0 10.5 6.5
RRC | RRC | LDC Lbclt LD RCF
R1 IR1|r1, 02 |ird, 2 r1,x,R2
6.5 6.5 20.0 20.0 10.5 6.5
SRA | SRA CALL* CALL | LD SCF
Ri IR1 IRR1 DA r2xRt
6.5 6.5 65 105 10.5 105 105 6.5
RR RR LD LD LD LD LD CCF
R1 1R1 r1,IR2 |R2, R1 [IR2,R1 |R1, IM |IR1, IM
85 85" 6.5 105 6.0
SWAP [SWAP LD LD NOP
Ri | IRt I, 2 R2, IR1 YIVYI[Y YIVI|Y
— AL A A e —
Y~ e ~~
2 3 2 3
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
. Nibble o r = 4-bit address
Execution J Pipeline Rqor rq=Dstaddress
Cycle: Cycles Rypor rp=Src address
4
Sequence:
OUP:;; a ::OPS » ) Opcode, First Operand,
ﬁ(i:bble et ic Second Operand
2, M1
4—4 Note: Blank areas not defined.
Firsl/ Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction -
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PRODUCT SPECIFICATION

286C09/C19
CMOS 78° 8-Bit
MICROCONTROLLER

FEATURES
8-bit CMOS microcontroller, 18-pin DIP
Low cost
3.0 to 5.5 volt operating range
Low power consumption-50 mW (typical)

Fast instruction pointer, 1.0 microseconds @ 12 MHz

|

n

u

| |

|

B Two standby modes - STOP and HALT
B 14 input/output lines (2 with Comparatbr inputs)

W Alldigitalinputs are CMOSlevels and Schmilt triggered
B 2K, 4 Kbytes of ROM, Z86C09, 286C19', respectively
u

124 bytes of RAM

Two Expanded Register File Control Registers
Two programmable 8-bit Counter/Timers
6-bit programmable prescaler

6vectored, priority interrupts from five different sources

n

|

n

u

B Clock speeds 8 and 12 MHz
W Brown-out protection

W Watchdog/Power-On Reset Timer

B TwoComparators with programmable interrupt polarity
]

On-chip oscillator that accepts a crystal, ceramic
resonator, LC, RC, or external clock drive.

GENERAL DESCRIPTION

The Z86C09 and Z86C19 Consumer Controller Proces-
sors (CCP™) introduce a new level of sophistication to
single-chip architecture. The Z86C09 and Z86C19 are
members of the Z8 single-chip microcontroller family with
2K and 4K bytes of ROM, respectively, and 124 bytes of

" RAM. The devices are housed in a 18-pin DIP, and are
CMOS compatible. Zilog's CMOS microcontroller offers
fastexecution, more efficient use of memory, more sophis-
ticated interrupts, input/output bit manipulation capabili-
ties, and easy hardware/software system expansion along
with low cost and low power consumption.

The Z86C09/C19 architecture is characterized by Zilog's
8-bit microcontroller core with an Expanded Register File
to allow access to register mapped peripheral and 1/O
circuits. The CCP offers a flexible 1/O scheme, and a
number of ancillary features that are useful in many indus-
trial, automotive, and advanced scientific applications.

The device applications demand powerful |/O capabilities.
The CCP fulfills this with 14 pins dedicated to input and
output. These lines are grouped into two ports, and are
configurable under software control to provide timing,
status signals, or parallel 1/O.

Three basic address spaces are available to support this
wide range of configurations; Program Memory, Register
File, and Expanded Register File. The Register File is
composed of 124 bytes of General-Purpose Registers, two
1/O Port registers and fifteen Controt and Staltus registers.
The Expanded RegisterFile consists of two control registers.

To unburden the program from coping with real-time
problems such as counting/timing and input/output data
communication, the Z86C09/C19 offers two on-chip
counter/timers with a large number of user selectable
modes, and two on-board comparators that can process
analog signals with a common reference voltage
(Figure 1).
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GENERAL DESCRIPTION (Continued)

it 4

Port 3

Vee GND

Vo

XTAL

|

Machine

GCounter/
Timers (2)

Interrupt
Control

2 Analog
Comparators

-
(—
—
=

NZ

U

ALU

FLAG

Register

124 x 8 Bit

ﬂ |

Timing & Inst.

Control

Pointer
Register File

WDT, POR

il

Prg. Memory
2K/ 4K

ﬁ

N Program
L———/ Counter

]

Port 2

i

(Bit Programmable)

Figure 1. Functional Block Diagram
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P24 [] 1 - 18 | ] P23
ps [ 2 17 I P22
P26 [| 3 16 || P21
P27 [] 4 15 [ P20
vee [ 5 14 |1 GND
xTa2 [] 6 13 [ P3s
xTALt [] 7 12 ] P35
P31 [] 8 11 | P34
P32 If 9 10 |] P33

Figure 2. Pin Configuration

PIN DESCRIPTION

Table 1. Pin Identification

No Symbol Function Direction

1-4 P24-7 Port2pin4,5,6,7 In/Output

5 Vee Power Supply Input

6 XTAL2 Crystal Oscillator Clock Output

7 XTAL1  Crystal Oscillator Clock Input

810 P31-3 Port3pint, 23 Fixed Input
11-13 P34-6 Port3pin4,5,6 Fixed Output
14 GND Ground Input

15-18 P20-3 Port2pin0,1,2,3 In/Output

XTALI1. Crystal 1 (time-based input). This pin connecls a
parallel-resonant crystal, ceramic resonator, LC or RC
network or an external single-phase clock 1o the on-chip
oscillator input.

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

Port 2 P20-P27. Port 2 is an 8-bit, bidirectional, CMOS
compatible 1/O port. These 8 I/O lines can be configured
under software control to be an input or output, indepen-
dently. Input buffers are Schmitt-triggered. Bits pro-
grammed as outputs may be globally programmed as
either push-pull or open drain (Figure 3).
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PIN DESCRIPTION (Continued)

Z86C09

Y

4
> Port 2 (1/0)

PAD

Open Drain

om0 S
N\

Out

1.5 <a— 2.3 Hysteresis

Figure 3. Port 2 Configuration

Auto Latch
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Auto-Latch. The auto-latch puts valid CMOS levels on all
CMOS inputs thatare not externally driven. This will reduce
excessive supply current flow in the input buffer when it is
not been driven by any source.

Port 3 P31-P36. Port 3 is a 6-bit, CMOS compatible port
with three fixed input and three fixed output lines. These 6
lines consist of three fixed input (P31-P33) and three fixed
output port (P34-P36) lines. Pins P31,P32 and P33 are

standard CMOS inputs and pins P34,P35,and P36 are
push-pull outputs. Two on-board comparalors can pro-
cess analog signals on P31 and P32 with reference to the
voltage on P33. The analog function is enabled by pro-
gramming Port 3 Mode Register (bit 1). Pins P31 and P32
are programmable as falling, rising, or both edge triggered
interrupts (IRQregister bits 6 and 7). P33 is the comparator
reference vollage input. Access to Counter/Timer 1 is
made through P31 (Tin) and P36 (1out), (Figure 4).

> \
R ———
Z86C09 »
Port 3
(/0 or Control)
——
————————
o«
Port 3
R247 = P3M
1 = Analog
l l D1| l 0 = Digital
DIG. i
P31 (AN1) IRQ2, Tin, P31 Data Latch
N |
/7
* AN. |
- . 1
| 1
1
P32 (AN2) ‘_\_—Q IRQO, P32 Data Latch
N |
7 + I
P33 (REF) :
> p |
From Stop Mode o o |RQ1, P33 Data Latch

Recovery Source

Figure 4. Port 3 Configuration

147



PIN DESCRIPTION (Continued)

Comparator Inputs. Port 3, Pin P31 and Pin P32 each have
acomparator frontend. The comparator reference voltage
Pin P33 is common to both comparators. In analog mode,
the P33 input functions as a reference voltage to the
comparators. Theinternal P33 register and its correspond-
ing IRQ1 is connected to the STOP Mode Recovery source
selected by the SMR. In this mode, any of the STOP Mode

not being driven by any source.

Recovery sources can be used to toggle the P33 bit or
generate IRQ1. In digital mode, Pin P33 can be used as a
P33 register input or IRQ1 source (Figure 13).

Auto-Latch. The auto-latch puts valid CMOS levels on all
CMOS inputs that are not externally driven. This reduces
excessive supply current flow in the input buffer when it is

v

FUNCTIONAL DESCRIPTION

The Z8 CCP incorporates special functions to enhance the
78's application in industrial, scientific research, and ad-
vanced technologies applications.

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

B Power-On Reset
W Watch-Dog Timer
M STOP Mode Recovery Source

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

Program Memory. Z86C09/C19 can address up to 2K/4K
bytes of internal program memory respectively (Figure 5).
The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations contain six 16-bit vec-
tors that correspond to the six available interrupts. Byte 13
to byte 2048/4096 consists of on-chip mask-programmed
ROM.

The 2K/4K bytes of Program Memory is mask program-
mable. A ROM protect feature will prevent “dumping” of
the ROM contents by inhibiting execution of LDC, LDCI,
LDE, and LDEI instructions to program memory in all
modes. .

Expanded Register File. The register file has been ex-
panded to allow for additional system control registers and
for mapping of additional peripheral devices and input/
output ports into the register address area. The Z8 register
address space RO through R15 is implemented as 16
groups of 16 registers per group (Figure 6). These register
groups are known as the ERF (Expanded Register File).
Bits 3:0 of the Register Pointer (RP) select the active ERF
group. Bits 7:4 of register RP select the working register
group (Figure 7). Two system configuration registers re-
side in the Expanded Register File address space at
bank F. The rest of the Expanded Register addressing
spaceis not physicallyimplemented, and is open for future
expansion.
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2048 / 4096
Location of On-Chip
First Byte of ROM
Instruction
Executtd ~~JF - - - - - - - - - -
After RESET 12 [
" IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt Q
Vector g IRQ3
(Lower Byte) ™|
5 ™ IRQ2
4 v IRQ2
Interrupt — Q
Vector g IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 5. Program Memory Map
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FUNCTIONAL DESCRIPTION (Continued) '

Z8 STANDARD CONTROL REGISTERS

RESET CONDITION
ID7IDS |Ds | DAI Dal 02|m ]Do |

REGISTER
REGISTER POINTER
% FF SPL vlulujujujujulu
[71s]s]a]3]2]1]0}] ' % FE GPR vjuluju]ufu]ufu
. . % FD RP ofoJojojofojo]o
Wé.’;'.f'.j‘,?,f‘;iﬁ}i‘,"’ I lE"Ea,L'ﬂ;de?,?;ﬁ’e’ % FC FLAGS vjujujuju]u]u]u
) % FB IMR ojujujujujujuiu
% FA IRQ ojojojo]ojo]o}o
% F9 IPR vjulujujuju]u]u
* | %Fs POIM vujulujojujujulu
* %F7 P3M vjulujufulujo]oe
% F6 P2M IRERREER R IR ERE
%F5 PREO vjujujujuju]ujo
% F4 T0 ujulujuluju]uiu
Z8 Reg. File %F3 PRE1 ululujuju]ul]o]oe
%FF % F2 T vjulujuju]ujuju
%FO\\W\ ' %F1 T™MR ojofojojojojo]o
% FO . Reserved
\Notl lemented
\ y EXPANDED REG. GROUP (F) ’
‘ \ REGISTER . RESET CONDITION
—>& N * | %@oF WDTMR vjulujolifijo]1
*r % (F) OE Reserved
% (F) 0D Reserved
% (F)0C . . Reserved
* | %@os SMR ojJoj1jojojo]ulo
% (F) OA Reserved
Reserved % (F) 09 Reserved
%0OF % (F) 08 Reserved
%00 % (F) 07 Reserved
: % (F) 06 Reserved
% (F) 05 Reserved
% (F) 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
% (F) 00 Reserved
EXPANDED REG. GROUP (0)
. REGISTER RESET CONDITION
Legend:
U = Unknown %00 i L A A I e A
+ = Reserved % (0) 02 P2 vjulujujujul]ul]u
* WIll not be reset with a % (0) 01 Reserved vjujujujujujul]u
STOP Mode Recovery % (0) 00 Reserved vfululululu]ulu

Figure 6. Expanded Register File Architecture
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R253 RP

ID7ID6|D5|D4|DB|DZID1IDO]

Expanded Register Group

Working Register Group

Note: Default Setting After Reset = 00000000 v

Figure 7. Register Pointer Register

Register File. The Regisler File consists of two /O port
registers, 124 general purpose registers, and 15 control

I

and status registers, and two system configuration regis-
ters in the Expanded Register Group (Figure 6). The
instructions can access registers direclly or indirectly via
an 8-bit address field. This allows a short 4-bit register
address using the Register Pointer (Figure 8). In the 4-bit
mode, the Register File is divided into 16 working register
groups, each occupying 16 continuous locations. The
Register Pointer addresses the starting location of the
active working-register group.

Caution: D4 of Control Register PO1M (R251) must be "0".
If the Z86C09/19 is emulated by Z86C90, D4 of PO1M has
to change to "0" before submission to ROM code.

GPR. The Z86C09/C19 has one extra General Purpose
Register localed at %FE(R254).

7 6 5 "a

-

|'3 |'2 I'.l ro R253

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

R127

The lower nibble
of the register

file address

Specified Working )
L~ . L provided by the
Register Group instruction points
to the specified
o register
R15
[~ — — “wopPos |

Figure 8. Register Pointer
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FUNCTIONAL DESCRIPTION (Continued)

Stack. The Z86C09/C19 has an 8-bit Stack Pointer (R255)
used for the internal stack that resides within the 124

general-purpose registers.

by the internal clock only (Figure 9).

Counter/Timers. There are two 8-bitprogrammable counter/
timers (TO-T1), each driven by its own 6-bit programmable
prescaler. The T1 prescaler can be driven by internal or
external clock sources, however, the TO prescaleris driven

osc
* Internal Data Bus
+2 —
Write * lL Write i lL Read ' ﬂ
DO (SMR) PREO TO TO
Initial Value Initial Value Current Value
Register Register Register
+16 1 L lL
6-Bit 8-bit
- Down |- Down
¢——> Internal Counter Counter > |RQ4
Clock
y 2 f——w Tour
External Clock P36
A
Clock
Logic
+4 Down |- Down
\ Counter Counter
Internal Clock i i ﬁ
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register

Tin P31

Write 4 ﬁ

wio ! [

roas! 4

Internal Data Bus

Figure 9. Counter/Timer Block Diagram
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The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its counter, which decrements the value
(1to 256) that has been loaded into the counter. When the
counterreaches the end of count, atimerinterruptrequest-
IRQ4 (TO) or IRQ5 (T1), is generated.

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

The counters, but not the prescalers, can be read at any
time without disturbing their value or count mode. The
clock source for T1 is user-definable and can be either the

internal microprocessor clock divided by four, or an exter-
nal signal input via Port 3. The Timer Mode register config-
ures the external timer input (P31) as an external clock, a
triggerinput thatcan beretriggerable or not-retriggerable,
or as a gate input for the internal clock. Port 3 line P36
serves as a timer output (Tout) through which TO, T1 or the
internal clock can be output. The counter/timers can be
cascaded by connecting the TO output to the input of T1.

Interrupts. The Z86C09/286C 19 has six differentinterrupts
from five different sources. The interrupts are mask-able
and prioritized (Figure 10). The five sources are divided as
follows; three sources are claimed by Port 3 lines P31-P33,
and two sources in counter/timers. The Interrupt Mask
Register globally orindividually enables or disables the six
interrupt requests (Table 2).

IRQ0 IRQ2

IRQ1,3,4,5 J i

Interrupt
Edge
Select

<—— |RQ (D6, D7)

=DS

IMR

\G’)

Global

IPR

Interrupt
Enable

|}

Interrupt
Request

—(

PRIORITY

LOGIC

U

Vector Select

Figure 10. Interrupt Block Diagram

153



FUNCTIONAL DESCRIPTION (Continued)

Table 2. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments

IRQ O IRQ O 0,1 External (P32), # @ Edge Triggered
IRQ 1 IRQ 1 2,3 External (P33), @ Edge Triggered
IRQ 2 IRQ 2, TIN 4.5 External (P31), # @ Edge Triggered
IRQ 3 6,7 Software Generated Only

IRQ 4 T0 8,9 Internal

IRQ 5 Tl 10, 1 Internal

When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. An interrupt ma-
chine cycle is activated when an interrupt request is
granted. This disables all subsequentinterrupts, saves the
Program Counter and Status Flags, and then branches to
the program memory vector location reserved for that
interrupt. All Z86C09/C19 interrupts are vectored through
locations in the program memory. This memory location
and the next byte contain the 16-bit starting address of the
interrupt service routine for that particular interrupt re-
quest.

To accommodate polled interrupt systems, interrupt in-
puts are masked and the interrupt requést register is
polled to determine which of the interrupt requests needs
services. IRQ3hasnohardware source butcan be invoked
by software (write to IRQ3 Register).

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

The programming bits for the INTERRUPT EDGE SELECT
are located in the IRQ register (R250), bits D7 and D6. The
configuration is shown in Table 3.

Table 3. IRQ Register

' Iriterrupt Edge

IRQ

D7 D6 P31 - P32

0 0 F F

0 1. F R

1 0 R F

1 1 R/F R/F
Notes:
F = Falling Edge
R = Rising Edge

Clock. The Z86C09/C 19 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal, RC,
ceramic resonator, or any suitable external clock source
(XTAL1 =Input, XTAL2 = Output). The crystal should be AT
cut, 10 KHz to 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 recommended capacitors (C1 is more than or
equal to 22 pf) from each pin to ground. The RC oscillator
option is mask-programmable, to be selected by the
customer at the time the ROM code is submitied. The RC
oscillator configuration must be an external resistor con-
nected from XTAL1 to XTAL2, with a frequency-setting
capacitor from XTAL1 to ground (Figure 11). The RC value
vs Frequency curves are shown in Figure 48 and 49.
(Limitation: The RC option is not avaiable in the
12 MHz part.)
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xtall °
C1 —E | C1
€T
= @ = L
I xtal2
Cc2 c2
L L
Ceramic Resonator or LC
Crystal C1, C2 =22 pf
C1,C2=47pfTYP* .
F =8 MHz L =130 pH
F=3MHz*

* Preliminary Value Including Pin Parasitics

xtall

xtal2

xtall

D° xtal

xtal2 _| xtal2
RC External Clock
@ 5V VCC (TYP)
C1 =33 pf
R=1K
F=16 MHz

Figure 11. Oscillator Configuration

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

1. Power fail to Power OK status
2. STOP mode recovery (If D5 of SMR=1)
3. WDT timeout

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

HALT. Will turn off the internal CPU clock but not the XTAL
oscillation. The counter/timers and external interrupt IRQO,
IRQ1, and IRQ2remain active. The deviceis recovered by
interrupts, either externally or internally generated.

STOP. This instruction turns off the internal clock and
external crystal oscillation and reduces the standby cur-
rentto 10 microamps or less. The Stop mode is terminated
by a RESET only, either by WDT timeout, POR, or SMR
recovery. This causes the processor to restart the appli-
cation program at address 000C (HEX).

In order to enter STOP (or HALT) mode, it is necessary to
first flush the instruction pipeline to avoid suspending
execution in mid-instruction. To do this, the user must

~execute a NOP (opcode=FFH) immediately before the

appropriate sleep instruction, i.e.:

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

or

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

Stop Mode Register (SMR). This register selects the clock
divide value and determines the mode of STOP mode
recovery (Figure 12). All bits are write only except Bit 7
whichis Read only. Bit 7 is a flag bit that is hardware seton
the condition of a STOP recovery and reset by a power-on
cycle. Bit 6 controls whether a low level or high level is
required from the recovery source. Bit 5 controls the reset
delay afterrecovery. Bits 2,3, and 4 of the SMR specify the
source of the STOP mode recovery signal. If the XTAL1 is
used as a source to drive the POR counter, then the STOP
Mode Recovery time is XTAL/512. The SMR is located in
bank F of the Expanded Register Group at address OBH.
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FUNCTIONAL DESCRIPTION (Continued)

SMR (F) 0B
|D7|D6|05|04|03|02|D1|Do|

I— SCLK/TCLK Divide by 16
0 OFF*
1 ON
RESERVED

Stop Mode Recovery Source
000 POR Only *

001 POR Only

010 P31

011 P32

100 P33

101 P27

110 P2NOR0:3

111 P2NOR0:7

Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 LowLevel*

1 High Level

Stop Flag
0 POR*
1 Stop Recovery

* Default setting after RESET

Figure 12. STOP Mode Recovery Register

SCLK/TCLK divide-by-16 select (D0). DO of the SMR con-
trols adivide-by-16 prescaler of SCLK/TCLK. The purpose
of this control is to selectively reduce device power con-
sumption during normal processor execution (SCLK control)
andfor HALT mode (where TCLK sources the counter/
timers and interrupt logic).

STOP Mode Recovery Source (D2, D3, and D4). These 3
bits of the SMR specify the wake-up source of the STOP
Mode recovery (Figure 13 and Table 4).

Table 4. Stop Mode Recovery Source

SMR
D4 D3 D2

Operation
Description of action

0 0 0 POR recovery only

0 0 1 POR recovery only

0o 1 0 P31 transition

0 1 1 P32 transition

1 0 0 P33 transition

1 0 1 P27 transition

1 1 0 Logical NOR of Port 2 bits 0:3
1 1 1 Logical NOR of Port 2 bits 0.7

P31-P33 cannotwake up from STOP modeifthe inputlines
are configured as analog input.

STOP Mode Recovery Delay Select (D5). This bit disables
the 5mS RESET delay after STOP Mode Recovery. The
detfault condition of this bit is 1.

STOP Mode Recovery Level Select (D6). A 1 in this bil
position indicates that a high level on any one of the
recovery sources wakes the device from STOP mode. AO
indicates low level recovery. The defaultis O on POR. (See
Figure 13).
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SMR D4 D3 D2

00 0
001 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
01 0 10 0 1.0 1 11 0 1101
VDD 01 1
P20 P20
P31 !
P32 P33 P27 |
P23 P27
To POR
\ RESET
5 L O—
Stop Mode Recovery Edge
Select (SMR) To P33 Data
— Latch and IRQ1
> MUX -
P33 From Pads
s |
L4
Digital/Analog Mode
Select (P3M)

Figure 13. STOP Mode Recovery Source

Cold or Warm Start (D7). This bit is set by the device upon
entering STOP mode. It is active high, and is O (cold) on
POR/WDT RESET. This bit is a READ only. It is used to
distinguish between cold or warm start.

Waitch Dog Timer Mode Register (WDTMR). The WDT is a
retriggerable one-shot timer that will reset the Z8 if it
reaches its terminal count. The WDT is initially enabled by
executing the WDT instruction and retriggered on subse-
quent executions of the WDT instruction. The timer circuit
is driven by an on-board RC oscillator or external
XTAL1 pin.

The POR clock source is selected with bit 4 of the WDT
register. BitOand 1 control a tap circuit thatdetermines the
timeout period. Bit 2 determines whether the WDT is active
during HALT and Bit 3 determines WDT activity during
STOP. Bits 5 through Bit 7 are reserved (Figure 14). This
register is accessible only during the first 64 processor
cycles (128 XTAL clocks) from the execution of the first
instruction after Power-On-Reset, Watch Dog Reset or a
Stop Mode Recovery (Figure 15). After this point, the
register cannot be madified by any means, intentional or

otherwise. The WDTMR cannot be read and is localed in
bank F of the Expanded Register Group at address loca-
tion OFH. It is organized as follows:

WDTMR (F) OF
ID7|DSID5ID4IDSIDZ|D1IDOI

‘ L WDTTAP INTRC XTALCLK

00 5 512
o1 15 1024
10 25 2048
1" 100 8192

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT

0 On-Board RC *

1 XTAL

Reserved

* Default setting after RESET

Figure 14. Watchdog Timer Mode Register
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FUNCTIONAL DESCRIPTION (Continued)

WDT Select
(WDTMR)

CLK Source
Select
(WDTMR)

XTAL

vDD
2V REF.

From Stop
Mode
Recovery
Source

WDT

Stop Delay
Select (SMR)

4 Clock
Filter Clear 18 Clock RESET
CLK Generator

Internal
RESET

> { WDT TAP SELECT |

N

Ld

> " 5mSPOR  5mS 15mS 25mS 100mS

vl CK 'WDT/POR Counter Chaln
RC X
osc.

Voltage Det.

—

2V Operating

12 nS Glitch Filter

N
'

N
7

Figure 15. Resets and WDT

WDT Time Select (D1, D0). Selects the WDT time period.
Itis configured as shown in Table 5.

Table 5. WDT Time Select

Timeout Period

D1 DO (On-board RC)  XTAL1
Clock Source Clock Source
0 0 5mS min XTAL1/512
0 1 15mS min XTAL1/1024
1 0 25mS min XTAL1/2048
1 1 100mS min XTAL1/8192
Notes:

The default on a WDT initiated RESET is 15 mS.
See Figures 44 to 47 for details.

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

WDT During STOP (D3). This bit determines whether or not
the WDT is active during STOP mode. Since XTAL clock is
stopped during STOP mode, the on-board RC has to be
selected as the clock source to the POR counter. A 1
indicates active during STOP. The defaultis 1.

On-Board Power-On-Reset RC or External XTAL1 Oscil-
lator Select (D4). This bitdetermines which oscillator source
is used to clock the internal POR and WDT counter chain.
If the bitis a 1, the internal RC oscillator is bypassed and
the POR and WDT clock-source is driven from the external
pin, XTAL1. The default configuration of this bitis 0, which
selects the RC oscillator.
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V. Voltage Comparator. An on-board Voltage Compara-
tor checks that V. is at the required level to ensure correct
operation of the device. Reset is globally driven if V. is
below the specified voltage (typically 2.1V).

Brown Out Protection (V). The brown out trip voltage (Vg,)
will be less than 3 volts and above 1.4 volts under the
following conditions.

Maximum (V) Conditions:

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

Case2 T,=-40, +85°C, Internal Clock Frequency
equal or less than 2 MHz
Note:
The internal clock frequency is one half the external clock frequency.

The device will function normally at or above 3.0V under all
conditions. Below 3.0V, the device will function normally
until the Brown Qut Protection trip point (V) is reached, for
the temperatures and operaling frequencies in case 1and
case 2 above. The device is guaranteed to function nor-
mally at supply voltages above the brown out trip point.
The actual brown out trip point is a function of temperature
and process parameters (Figure 16).

ROM Protect. ROM protect is mask-programmable. it is
selected by the cuslomer at the time the ROM code is
submitted. The selection of ROM protect will disable the
LDC and LDCl instructions.

Vce
{Volts)
2.60
2.40
2.20 N
\\
2.00
\\ Vo (Typical)
1.80 \\
1.60 \\
1.40 \
60 -40 -20 0 20 40 60 80 100 120

140
Temperature (°C)

* Power-on Reset threshold for V¢ and 4 MHz V g overlap

Figure 16. Typical Z86C19 V,, Voltage Vs Temperature
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ABSOLUTE MAXIMUM RATINGS

Symbol  Description Min Max Units  Stress greater than those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This
Vee Supply Voltage * 03 +70 V is a stress rating only; operation of the device at any
TSTG  Storage Temp 65 +150 C condition above those indicated in the operational sections
T, Oper Ambient Temp C of these specifications is notimplied. Exposure to absolute
maximum rating conditions for extended period may affect
Notes:

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

device reliability.

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. All voltages are referenced to ground.
Positive current flows into the referenced pin (Figure 17).

From Output

+5V

21KQ

Under Test

150 pf

,T\ 9.1kQ

Figure 17. Test Load Configuration
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DC ELECTRICAL CHARACTERISTICS

Z86C09/C19
Symbol Parameter Ve T,=0C T,=-40°C Typical Units  Conditions Notes
Note [3] to 70°C to 105°C @25°C
Min Max Min Max
Max Input Voltage 3.3V 12 12 Voo 1,<250pA
5.0V 12 12 Vo, <250 A
Veu Clock Input High 3.3V 09V, V03 09V, V#0324 V- Driven by External
Voltage Clock Generator
5.0V 09V, V#0309V, V#0339 V- Driven by External
Clock Generator
Ve Clock Input Low 3.3V V03 02V, V03 02V, 16 V- Driven by External
Voltage ) Clock Generator
50V V03 02V, V03 02V, 27 V- Driven by External
, Clock Generator
Vi Input High Voltage 3.3V 0.7V,  Viet03 07V, V403 18 v
5.0V 0.7V, V#0307V, V403 28 v
A Input Low Voltage 3.3V V03 02V, V03 02V, 10 v
50V V03 02V, V03 02V, 15 V
Vo Output High Voltage 3.3V V0.4 V04 31 Vo l,=-20mA
5.0V V0.4 V0.4 48 Vo ly=-20mA
Vy Output Low Voltage 3.3V 0.8 08 0.2 Vo 1, =+0mA
5.0V 04 04 0.1 Vool =+40 mA
Va2 Output Low Voltage 3.3V 1.0 10 04 Vol =6mA,
3 Pin Max
5.0V 1.0 10 05 Vool =+12mA,
3 Pin Max
Vegrser  Comparatorinput 3.3V 25 25 10 mv
Offset Voltage 5.0V 25 25 10 mv
Iy Input Leakage 3.3V -1.0 10 -1.0 1.0 PA V=0V,
(Input bias current 5.0V -1.0 1.0 -1.0 1.0 PA V=0V, Vv,
of comparator)
lo, OutputLeakage 3.3V -1.0 10 -1.0 1.0 PA V=0V, v,
5.0V 100 10 -1.0 1.0 WA V=0V, V.
loe Supply Current 3.3V 6 6 30 mA @BMH: 451
5.0V 110 11.0 60 mA @8MHz [45]
3.3V 8.0 8.0 45 mA  @12MHz [4,5)
5.0V 15 15 90 mA  @12MHz [45]
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DC ELECTRICAL CHARACTERISTICS (Continued)

Z86C09/C19
Symbol Parameter Ve T,=0° T,=-40°C Typical Units  Conditions Notes
Note [3] t070°C t0 105°C @ 25°C
‘Min Max Min Max
Ie! Standby Current 3.3V 30 30 13 mA  HALTModeV,=0V, [4,5]
Vi @8MHz
50V 5 5 30 mA  HALT Mode V,,= 0V, [4,5]
V@ BMHz
3.3v ‘ 45 45 20  mA  HALT Mode V,,= 0V, (4,51
Ve @12 MHz
50V ‘ 70 70° 40 mA  HALT ModeV,,= 0V, 14,5]
Ve @12 MHz
v 14 14 0.7 mA  Clock Divide by 16 14,5]
. @8 MHz
5.0V 35 35 20 mA  Clock Divide by 16 [4,5]
@8 MHz
3.3V 20 20 10 mA  Clock Divide by 16 [4,5]
@12 MHz
50V 45 45 25 mA  Clock Divide by 16 [4,5]
@12 MHz
lec2 <Standby Current 3.3V 10 20 10 pA  STOPModeV,=0V, 6}
. . V. WDT is not Running
5.0V 10 20 30 pA  STOPModeV, =0V, (6]
V. WDT is not Running
3.3v T8D  pA  STOP ModeV, =0V, 6]
Vo WDT is Running
5.0V TBD TBD 200 pA  STOPModeV, =0V, 6]
Vo, WDT is Running
b Auto Latch Low 3.3V 70 140 40  pA OV<V,<V,
Current
5.0V 200 300 10 pA OV<Vy<Vg
liw ~ AutolatchHigh 3.3V : -40 80 20 pA OV<V,<V
Current 5.0V -9.0 -160 5.0 pA OV<V, <V
Toon Power On Reset 3.3V 7 24 6 25 13 ms
50V 3 13 2 14 7 mS
Vo Vi Brown Qut 150 2,65 12 2.9 2.1 V. 2MHz max Ext. CLK Freg. (3]
Voltage '
Notes:
[1] It Type Max Unit Freq

Clock DrivenonCrystal 30 50 mA 8MHz
or XTAL Resonator 0.3 50 mA 8MHz

[2] V4 =0V =GND

[3] 5.0V + 0.5V, 3.0V + 0.3V. The V, increases as the temperature decreases.
[4] All outputs unloaded, I/O pins floating, inputs at rail.

[5] C ,=C,, = 100pf

[6] Same as note [4] except inputs at V.
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AC ELECTRICAL CHARACTERISTICS

Clock

IRQ N \

Clock '
Setup
®
Source X K
®

Figure 18. Additional Timing

AC ELECTRICAL CHARACTERISTICS |
Z86C09/C19

No Symbol Parameter Ve T,=0°CT070°C T,=-40°C T0 105°C Units Notes
Note[3] 8 MHz 12 MHz 8 MHz 12 MHz
Min  Max Min  Max Min  Max Min  Max

1 TpC Input Clock Period 33V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1]
50V 125 100,000 83 100,000 125 100,000 83 100,000 ns [1]

2 TC,TIC  Clock Input Rise 3.3v 25 15 25 15 s (1]
and Fall Times 5.0V 25 15 25 15 ns [1]

3 TwC Input Clock Width 3.3V 37 26 37 26 ns (1]
5.0V 37 26 37 , 26 ns 1]

4 TwlinL  Timer Input Low Width 3.3V 100 100 100 100 ns (1]
5.0v 70 70 70 70 ns {11

5  TwlinH  Timer Input High Width 3.3V 3TpC 3TpC 3TpC 3TpC [1]
50V 3TpC 3TpC 3TpC 3TpGC n
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AC ELECTRICAL CHARACTERISTICS (Continued)

Z86C09/C19
No Symbol Parameter Vee T,=0°CT070°C T,=-40°C T0 105°C Units Notes
Note[3] 8 MHz 12 MHz 8 MHz 12 MHz
Min  Max Min  Max Min  Max Min  Max
6 TpTin  Timer Input Period 33V 81pC 8TpC 8TpC 8TpC [1
50V 8TpC 8TpC 8TpC 8TpC [
7 TiTin,  Timer Input Rise 3.3V 100 100 100 100 ns (1]
TtTin and Fall Timer
5.0V 100 100 100 100 ns [1]
8 TwlL Int. Request Input 3.3V 100 100 100 100 ns  [1.2]
Low Time
5.0V 70 70 70 70 ns 1.2
9 TwH Int. Request Input 33v. 31pC 3TpC 3TpC 3TpC [12]
High Time
50v  3TpC 31pC 3TpC 3TpC 12
10 Twsm  STOP ModeRecovery 33V 12 12 12 12 ns
Width Spec
5.0V 12 12 12 12 ns
1 Tost Oscillator Startup Time 3.3V 5TpC 5TpC 5TpC 5TpC Reg.
(4]
5.0V 5TpC 5TpC 5TpC 5TpC ns
Twat Watchdog Timer 33V 15 15 12 12 (5]
Refresh Time
50V 5 5 3 3 ms DO=0
D1=0
33V 30 30 % 25 ms D0=0
50V 16 16 12 12 ms D1=1
33V 60 60 50 50 ms D0=0
50V 25 25 30 30 ms Di=1
33V 250 250 200 200 ms DO=1
5.0V 120 120 100 100 ms Di=1

Notes:

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

[2] Interrupt request via Port 3 (P31-P33)
[3] 5.0V+ 0.5V, 3.3V 0.3V

[4] SMR-D5 =0

[5] Reg. WDTMR
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EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B
ID7|Ds[Ds|D4|Ds|Dz|D1 |Do|

WDTMR (F) OF

|D7|DG|DSID4IDSID2ID1IDOI

L SCLK/TCLK Divide by 16
0 OFF*
1 ON
RESERVED

Stop Mode Recovery Source
000 POROnly *

001 POROnly

010 P31

011 P32

100 P33

101 P27

110 P2NOR 03

111 P2NOR 07

Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 LowLevel *

1 High Level

Stop Flag
0 POR *
1 Stop Recovery

* Default setting after RESET

Figure 19. STOP Mode Recovery Register

—L_ WDT TAP INT RC XTAL CLK

00 5 512 .
01 15 1024
10 25 2048
1 100 8192

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON

e  XTAL1/INT RC Select for WDT

0 On-Board RC *

1 XTAL

Reserved

* Default setting after RESET

Figure 20. Watchdog Timer Mode Register

Z8 CONTROL REGISTER DIAGRAMS

R240
ID7IDG|DS|D4IDSIDZID1|DOI

I—— Reserved

Figure 21. Reserved

R241 TMR
lmlosloslmlosloalmloo]

T T L

No Function
Load Ty

Disable T o Count
Enable TqCount

No Function
Load T 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)

-0 =0 =0 =o

Tout Mode

00 Not Used

01 ToOUT

10 T{OUT

11 Internal Clock Input

Figure 22. Timer Mode Register
(F1H: Read/Write)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R242 T4
Izloeloslmlnslnzlm IDOI
L T4 Initial Value *

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

T4 Current Value
(When READ)

Figure 23. Counter Timer 1 Registéf
(F2H: Read/Write)

Re43 PRE1
|D7ID6|D5|D4IDS|DZID1 | oo

L—— Count Mode

0 T4 Single Pass *
1 T4 Modulo-N
Clock Source
1 Tqlnternal
0 T4q External Timing Input
(Tiy ) Mode

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

Figure 24. Prescaler 1 Register
(F3H: Write Only)

R244 TO
|D7|DSID5|D4|DSID2ID1 IDOl

I— T Initial Value

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

Tg Current Value
{When READ)

Figure 25. Counter/Timer 0 Register
(F4H: Read/Write)

R245 PREO
|D7|Ds|Ds|D4IDa|Dz|D1 |Do|

/
I— Count Mode

0 T, Single Pass

1 TgModuloN
X
Prescaler Modulo
{Range: 1-64 Decimal
01-00 HEX)

Figure 26. Prescaler 0 Register
(F5H: Write Only)

R246 P2M
lmlosloslmloaloz‘lm |Do|

l________ P2 -P2, 1/O Definition

0 Defines Bit as OUTPUT
1 Defines Bit as INPUT

Figure 27. Port 2 Mode Register
(FeH: Write Only)

R247 P3M
ID7ID6|DSID4IDS|02|D1IDOI

I— 0 Port 2 Puli-Ups Open Drain

1 Port 2 Pull-Ups Active
Port 3 Inputs

0 Digital

1 Analog

Reserved

Figure 28. Port 3 Mode Register
(F7H: Write Only)

R248 POIM
|D7|Ds|05l04|03|02|m|oo|

|———_—— X
Must be 0

X

Figure 29. Port 0 and 1 Mode Register
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R249 IPR
|D7IDGID5|D4ID8IDZID1 |oo|

T [ L,

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

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

1 IRQ4 > IRQ1

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

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

0

Figure 30. Interrupt Priority Register
(FOH: Write Only)

R250 IRQ
ID7|Ds|Ds|D4|Da|Dz|D1|Do|

l— IRQO = P32 Input

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

Inter Edge

00 P31l P32l
ot P31l P32T
10 P31 T P32l
11 P31 TLP32TL

Figure 31. Interrupt Req Register
(FAH: Read/Write)

R251 IMR
. ID7|De|Ds|D4|Da|Dz|D1lDo|

_————:— 1 Enables IRQ5-IRQ0

(D 0= IRQO)
Reserved
1 Enables Interrupts

Figure 32. Interrupt Mask Register
(FBH: Read/Write)

R252 Flags

|D7|Ds|ns|o4|oa|nz|o1|no|

| l— User Flag F1
User Flag F2

Half Carry Flag
Decimal Adjust Flag
Overtlow Flag

Sign Flag

Zero Flag

Cany Flag

Figure 33. Flag Register
(FCH: Read/Write)

R253 RP

ID7|D6|DS|D4|Da|D2|D1|DOI

I———— Expanded Register File Pointer

Working Register Pointer

Figure 34. Register Pointer
(FDH: Read/Write)

R254 GPR

ID7ID6|D5|D4|DS|02'D1 |Do|

Figure 35. General Purpose Register
(FEH: Read/Write)

R255 SPL

ID7IDG|D5I04|DS|DZID1lDOI

I——— Stack Pointer Lower

Byte (SPg - SP7)

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




DEVICE CHARACTERISTICS
Graphs lllustrate Device Characteristics

i
lcc(mA) 140 Legend:
' 5.5V HALT — e —
12.0 ACHVE e
11.0 - /,
10.0 |—
v
9.0 : ]
8.0 : ,/
7.0 |55V
6.0 - -~ 13.0V
. /
3.0 >
— 3.0V
2.0 o
1.0 -l =
0 . -
2 4 6 8 10 12 14
Frequency (MHz)

Figure 37. Maximum |, Vs Frequency

CU?:'Z; 12 / lcc at 5V
10 //
8 pd
/
6 lcc at 3.3V
/ lcct at 5V
/ / lect at 5V
4 — [ (scLK dideay 16)
/ T |1 oot ataay
2 7/ — — | lect at 3.3V
ccl at 3.
f /______/___—___// (SCLK divided by 16)
"] .
0
0 2 4 6 8 10 12 14 16

Frequency (MHz)

Figure 38. Typical I, Vs Frequency
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Vce
(Volts)
B
1.0

A

C

D

0.0
-60 -40 -20 20 40 60 80 100 120 130
Temperature (°C)
Legend:

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

Figure 39. Typical Vv, V, Vs Temperature
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DEVICE CHARACTERISTICS (Continued)
Graphs lllustrate Device Characteristics

Vce
(Volts)
6.0
VOH at Vce 5.5V
5.0
4.0
30 VIH at Vec = 5.5V
VOH at Vce 3.0V
2.0
VIH at Vee = 3.0V
1.0 -
{
0

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

Figure 40. Typical vV, V,, Vs Temperature

OH’
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VoH (Volts)
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

0 I
Vcec = 5.0V
Vce = 3.0V Vce = 5.5V
-1.0
2.0
-3.0
-4.0
-5.0 / /
il
7.0 /
-8.0 /
A Bl C D EFGHI
1O0H
(ma) -9.0
Legend:
A=125°C F=-55°C
B =25°C G =125°C
C=-55°C H=25C
D=125°C |=-55°C
E =25°C

Figure 41. Typical V,, Vs I , Over Temperature
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DEVICE CHARACTERISTICS (Continued)
Graphs lllustrate Device Characteristics

loL 240

(ma) 50
"0 B cD
180 / Vad
16.0 /

140 /
12.0 /
/

N
N\ ‘\ >
\\\ %\\\\ \\

10.0
8.0
6.0 / /) /
4.0 /i ////
20 4/
0
0 0.2 04 0.6 0.8 1.0 1.2 14 1.6 18
VoL (Volts)
Legend:
A =-55°C Vee = 5.5V
B=25°C Vee = 3.0V
C =125°C
D =-55°C
E =25°C
F=125°C

Figure 42. Typical I, Vs V,, Over Temperature
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Time 220

(msec)

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

/”/ |

.r/ / B

d — /,//

/// // ‘;

,// e Pl

P
L

==

Temperature (°C)

Legend:

A - Vece = 3.0V D -Vecc =4.5v
B - Vec =3.5V E - Vecec =5.0V
C-Vecec=4.0V F-Vece =55V

Figure 43. Typical Power-On Reset Time Vs Temperature
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DEVICE CHARACTERISTICS (Continued)
Graphs lllustrate Device Characteristics

Time 450
(msec)
40.0
/ g
35.0 —
//
/ B
30.0 : —
AV // A C
25.0 = //
200 e E
15.0 - e
[ | "
10.0
5.0
0
-60 -40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
Legend:
A-Vcec=3.0V D - Vcec =4.5v
B-Vcec=3.5V E- Vee =5.0V
C-Vecec=4.0V F-Vecec =55V

Figure 44. Typical 5 ms WDT Setting Vs Temperature
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Time
(msec)

85

80

75 pd

N

70

65
60 / 7

7 7
- v

50

N\

N

45

40

NN N

35

30

AN NN

25

AN NN

NAVAVEN

20

AN N\

15

10

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

Figure 45. Typical 15 ms WDT Setting Vs Temperature

Legend:

A-Vce =3.0V
B - Vee = 3.5V
C-Vcec=4.0V
D- Vce = 4.5v

- E-Vee=5.0V

F - Vcec =5.5V
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DEVICE CHARACTERISTICS (Continued)
Graphs lllustrate Device Characteristics

Time 170

(msec) : Legend:

160

A A -Vce = 3.0V
B - Vcc =35V
150 C-Vce=4.0V

) / D - Vec = 4.5v
140 E - Vee = 5.0V

N

/ F-Vcc = 5.5V
130 P ‘

120
110 /

\
\NAVER
\

90
80 o

AAAVAVA

70

AN\ N

60

AN N\

50

40

A\ N\
\

30

20

10

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

Temperature (°C)

Figure 46. Typical 25 ms WDT Setting Vs Temperature
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Time
(msec)

700
650
A
600 7
v
550
500 /,/ > g—
/ 7 - C
400
/ // .
350 ~ -
AT L~ E
300 > — ~ =
1 //
150 ™
100
50
0
60 -40 -20 0 20 40 60 80 100 120 140

Temperature (°C)

Figure 47. Typical 100 ms WDT Setting Vs Temperature

Legend:

A-Vce = 3.0V
B - Vce = 3.5V
C-Vecec=4.0V
D - Veec = 4.5v
E - Vce = 5.0V
F - Vcec = 5.5V
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DEVICE CHARACTERISTICS (Continued)
Graphs Hlustrate Device Characteristics

< 100000

T

X

~. 50000

Q

=4

[1}

3

o

o

('S \
10000 .

N
5000 \‘\‘
NN

1000 AN

N
500 NC
\\
NN
N \
\\\
- AN
N\
A\
\
10 \\: =
B
5
1 |
1 5 10 50 100 500 1000 5000 10000

Resistance (K Ohms)

Legend:

A -Vcc=5.0V C=33pf
B - Veec =3.3V C = 33pf

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

Figure 48. Typical Frequency Vs RC Resistance
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DEVICE CHARACTERISTICS (Continued)
Graphs lllustrate Device Characteristics

20
(1A) Legend:
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Figure 50. Auto Latch Characteristic




INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to de-
scribe the addressing modes and instruction operations
as shown in the instruction summary.

Symbol Meaning

IRR Indirect register pair or indirect working-
register pair address

Irr ) Indirect working-register pair only

X Indexed address

DA Direct address

RA Relative address

M Immediate

R Register or working-register address

r Working-register address only

IR Indirect-register or indirect
working-register address

Ir Indirect working-register address only

RR Register pair or working register pair
address

Flags. Control register (R252) contains the following six

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:

Symbol Meaning

C Carry flag

Z Zero flag

S Sign flag

\Y Overflow flag

D Decimal-adjust flag
H Hali-carry flag

Affected flages are indicated by:

0 Clear to zero

1 Set to one

- Set to clear according to operation
- Unaffected

X Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 Always True

0111 C Carry C=1

1111 NC No Carry C=0

0110 VA Zero Z=1

1110 NZ Not Zero Z=0

1101 PL Plus S=0

0101 M 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(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 Never True '
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INSTRUCTION FORMATS

OPC CCF, D), El, IRET, NOP,

RCF, RET, SCF

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC, OPC | MODE ADC, ADD, AND, CP,
| on 1770 ] e ] DEH e o, weJon[Tiio] e | Won st se
RR, RRC, SRA, SWAP dst orR|1110]| dst
OPC JP, CALL (Indirect)
dst orf[1110] dat | , OPC | MODE ADC, ADD, AND, CP,
dst or [1110] ast | fiSon ™
oPc SRP VALUE
VALUE
MODE | OPC LD
OPC | MODE ADC, ADD, AND, CP, src OR| 1110 src
dst src %F;’ igg SUB, TCM, : dst OR| 1110 dst
MODE | OPC LD, LDE, LDEI, MODE | oPC LD
dst/src | src/dst LDC, Lbel . dst/src X
ADDRESS
ds'/srcl oPC LD
src/dst or[1110] sc | cc | opc P
DAU
dst | opc i LD DAL
VALUE
oPc CALL
asvce [ 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  notation “addr (n)" is used to refer to bit (n) of a given
“ ¢« ". For example: operand location. For example:
dst ¢ dst + src dst (7)

indicates that the source data is added to the destination refers to bit 7 of the destination operand.
data and the resultis stored in the destination location. The :
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INSTRUCTION SUMMARY (Continued)

Instruction

Address Opcode

Flags

Instruction

Address Opcode  Flags

and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src CZSVDH dst src CZSVDH
ADC dst, src 1 1M1 k % %k %k O %k INC dst r E -k ok ok - -
dstedst + src +C dstedst + 1 r=0-F
R 20
ADD dst, src t of ] * % 3k %k 0 % IR 21
dstedst + src
INCW dst RR A0 -k ok ok - -
AND dst, src 1 51 - % % 0 - - dste—dst + 1 IR Al
dste—dst AND src
IRET BF B S S S S
CALL dst DA D6 D FLAGS«~@SP;
SP¢«SP -2 IRR D4 SP«SP + 1
@SP«PC, PC«@SP;
PCedst SP«SP + 2;
IMR(7)e1
CCF EF * - - - - -
CeNOTC JP cc, dst DA cD - - - - - -
' if cc is true c=0-F
CLR dst R BO B PCedst IRR 30
dst<0 IR B1
JR cc, dst RA cB - - - - -
COM dst R 60 - % %0 - - if cc is true, c=0-F
dsteNOT dst IR 61 . PC«PC + dst
Range: +127,
CP dst, src 1 Al ] * 3k ok ok - - -128
dst - src
LD dst, src r Im rC e
DA dst R 40 * %k %k X - - dste—src r R 8
dsteDA dst IR 41 R r 9
. . r=0-F
DEC dst R 00 - %k %k ok - - r X Cc7
dstedst - 1 IR 01 X r D7
r Ir E3
DECW dst _RR 80 - ok ok ok - - Ir r F3
dstedst - 1 IR 81 - R R E4
R IR E5
DI 8F - - - - - - R IM E6
IMR(7)«-0 IR M E7
IR R F5
DJNZr, dst RA rA - - - e - -
re-r-1 r=0-F LDC dst, src r Ir  C2 - - - - - -
ifr£0
PCe«PC + dst LDCI dst, src Ir Ir C3 - - - - - -
Range: +127, dstesrc
-128 rer +1;
merr + 1
El 9F - - - - - -
IMR(7)¢1
HALT 7F D
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INSTRUCTION SUMMARY (Continued)

Instruction Address Opcode Flags Instruction Address Opcode  Flags
and Operation Mode Byte (Hex) Affected and Operation Mode Byte (Hex) Affected
dst src czZsV dst src CZSVDH
NOP FF - - - - STOP 6F
OR dst, src T 4 ] - k% kO SUB dst, src T 2[ ] R T
dste-dst OR src dste-dstesrc
POP dst R 50 - SWAP dst R Fo X sk kX - -
dst<@SP; IR 51 { ] IR F1
SPe-SP + 1 A ER
[
PUSH src R 70 - - - -
SP«SP - 1; IR 71 TCM dst, src T e[ ] - ok kO - -
@SPesrc (NOT dst)
AND src
RCF CF o - - -
Ce0 TM dst, src 1 711 - ok kO - -
dst AND src
RET AF - - - -
PC«@SP; XOR dst, src T Bl ] - %k % 0 - -
SP«SP + 2 dstedst
XOR src
RL dst R 90 E I S
] R 91
<] . . 1 These instructions have an identical set of addressing modes, which
are encoded for brevity. The first opcode nibble is found in the instruction
N set table above. The second nibble is expressed symbolically by a'[ '
RLC dst R 10 * ok kK in this table, and its value is found in the following table to the left of the
|-- R " applicable addressing mode pair.
For example, the opcode of an ADC instruction using the addressing
RR dst R EO % % %k ok modes r (destination) and Ir (source) is 13.
Gl ® B
Address Mode Lower
RRC dst R co ¥ ¥ % ¥ dst src Opcode Nibble
[(.——] R C1
] r r [2]
SBC dst, src 1 3[1] sk ok ok ok
dstedstesrceC r Ir (3l
SCF . DF 1 - - R R 14
Ce1
R IR [5]
SRA dst R Do £ S ]
IR D1 R M (6]
T3]
kx IR M [71
SRP src Im 31 - - - -
RP«src
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OPCODE MAP

Upper Nibble (Hex)

0

1 2 3 4

Lower Nibble (Hex)

5 6 7 8 9 A B c D E F
6.5 6.5 6.5 6.5 105 10.5 105 10.5 6.5 6.5 |12/10.5{12/10.0| 65 |12.100| &5
DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD LD LD DJNZ | JR LD JP INC
R1 IR1 r,r2 | 1,2 | R2,R1IR2,R1|R1,IM | IR1,IM] r1,R2 | r2, R1 | r1,RA | cc,RA| r1,IM |cc, DA| n
6.5 6.5 6.5 6.5 105 105 105 105
RLC RLC ADC | ADC | ADC | ADC | ADC | ADC
R1 IR1 r,r2 | r,Ir2 [R2,R1{IR2,R1|R1,IM | IR1, IM
6.5 6.5 6.5 6.5 105 105 105 105
INC INC SUB | SUB | SUB | SUB | SUB | sSUB
R1 IR1 r,r2 | r,r2 | R2,R1[IR2,R1| R1,IM | IR1, IM
8.0 6.1 6.5 6.5 105 | 105 | 105 | 105
JP SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR1 M r,r2 | r,Ir2 | R2,R1|IR2,R1{R1,IM | |R1, IM
8.5 85 6.5 6.5 105 105 105 105
DA DA OR OR OR OR OR OR
R1 IR1 r,r2 | r1,Ir2 { R2, R11IR2,R1{R1,IM | IR1, IM
105 10.5 6.5 6.5 105 105 10.5 105 6.0
POP | POP | AND | AND | AND | AND | AND | AND WDT
R1 IR1 m,r2 | r,Ir2 | 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
COM | COM | TCM | TCM | TCM | TCM | TCM | TCM STOP
R1 R1 r,r2 | r1, k2 | R2, R1}{IR2,R1| R1, IM | IR1, IM
10/12.1{12/14.1 6.5 6.5 105 10.5 105 105 7.0
PUSH|PUSH| ™ ™ ™ ™ ™ ™ HALT
R2 IR2 r1,r2 | r1,Ir2 | R2, R1|IR2,R1|{ R1,IM | IR1, IM
105 105 6.1
DECW | DECW DI
RR1 IR1
6.5 6.5 6.1
RL RL El
R1 IR1
105 105 65 65 10.5 105 105° 105 14.0
INCW | INCW cp cP cpP cp cP cP RET
RR1 IR1 r,12 | r,Ir2 | R2, R1[IR2,R1|R1,IM [IR1, IM
6.5 65 6.5 6.5 10.5 105 105 10.5 16.0
CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR IRET
R1 IR1 r,r2 | r1, k2 | R2,R1[IR2,R1| R1, IM | IR1, IM
6.5 6.5 120 18.0 105 6.5
RRC | RRC | LDC | LDCI1 LD RCF
R1 IR1 1, Irr2 |11, r2 r1,x,R2
6.5 6.5 20.0 200 105 6.5
SRA | SRA CALL* CALL LD SCF
R1 IR1 IRR1 DA [r2xR1
6.5 6.5 6.5 10.5 10.5 10.5 105 - 65
RR RR LD LD LD LD LD CCF
R1 IR1 r1,IR2 | R2, R1|IR2,R1| R1,IM | |R1, IM
8.5 85 6.5 105 6.0
SWAP | SWAP LD LD 1 NOP
Ri | IR1 I, 12 R2, IR1 YIYIYiYivYylviy
— A e A A —
v~ v ~
2 2 3
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit address
X Nibble o r = 4-bit address
Execution J Pipeline Rqor ro=Dstaddress
Cycles Cycles Rqor ro=Src address
Sequence:
O;l:‘:,:deer " }:OPS M . Opcode, First Operand,
. nemonic O
Nibble R1.Rao Second Operand
Note: The blank are not defined.
First Second * 2-byte instruction appears as a
Operand Operand 3-byte instruction
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CMOS Z8 ONE-TIME-PROGRAMMABLE
MICROCONTROLLER

Z86E19

GENERAL DESCRIPTION

he Z86E19 is a member of the Z8

single-chip one-time-programmable

microcontroller family. The device is
housed in an18-pin DIP. Zilog's CMOS
microcontroller offers fast execution, effi-
cient use of memory, sophisticated inter-
rupts, bit manipulation capabilities, and
easy hardware/software system expansion
along with low cost and low power con-
sumption.

The Z86E19 architecture is based on

Zilog's 8-bit microcontroller core with an
Expanded Register File to allow access to

register mapped peripheral and I/O circuits.

The CCP offers a flexible /0O scheme and a
number of -ancillary features that are useful
in many consumer, industrial and automo-
tive applications.

With powerful peripheral features such
as on-board comparators, counter/timers,
watch dog timer, and serial peripheral
interface, the Z86E19 meets the needs of
most sophisticated controlier applications.

FEATURES

W 8-bit CMOS microcontroller,

18-pin DIP

W Emulates the Z66C06/09/19

compare feature

Serial peripheral interface with

Clock speeds 8, and 12 MHz
“Brown-Qut” protection
Watchdog/Power-On Reset Timer

Two Comparators with program-
mable interrupt polarity

W Six vectored, priority interrupts from

Six different sources

Qutput  Input

th

On-chip oscillator that accepls a
crystal, ceramic resonator, LC, RC,
or external clock drive.

14 input/output lings

Low EMI Noise Mode
Schmitt-triggered CMOS inputs
4K bytes of OTP ROM

124 bytes of RAM

Standby modes: STOP and HALT

Port 3

Counter/
Timers (2)

Interrupt
Control

Two Analog
Comparators

Serial
Peripheral
Interface

Vee GND XTAL
> Machine
Timing & Inst.
Control
ALU WDT, POR
FLAG ﬂ
Prg. Memory
4096 x 8-Bit
Register | ﬁ
Pointer
L N] Program
Register File L—— Counter
144 x 8-Bit

I O

i1

I

Il

Port2

g

(Bit Programmable)
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PRODUCT SPECIFICATION

286C11

CMOS Z8®
MICROCONTROLLER

FEATURES

| 8-bit CMOS microcontroller, 40- or 44-pin package
B 451055 Voltage operating range v

B Low power Consumption - 220 mW (max) @ 16 MHz
W Fastinstruction pointer - 1.0 microseconds @ 12 MHz
B Two standby modes - STOP and HALT

B 32 input/output lines

m  Full-Duplex UART

W All digital inputs are TTL levels

~ W Auto Latches

®m RAMand ROM protect

® Low EMI option
m 4 Kbytes of ROM
B 236 bytes of RAM

m  Two programmable 8-bit Counter/Timers each with
6-bit programmable prescaler.

B Six vectored, priority interrupts from eight different
sources

m Clock speeds 12 and 16 MHz

m  On-Chip oscillator that accepts a crystal, ceramic
resonator, LC or external clock drive.

GENERAL DESCRIPTION

The Z86C11 microcontroller (MCU) introduces anew level
of sophistication to single-chip architecture. The Z86C11
is a member of the Z8 single-chip microcontroller family
with 4 Kbytes of ROM and 236 bytes of RAM.

The MCU is housed in a 40-pin DIP, 44-pin Leaded Chip-
Carrier, or a 44-pin Quad Flat Pack, and is manufactured
in CMOS technology. The ROMless pin option is available
on the 44-pin versions only. Having the ROM/ROMIess
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 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 Z86C11 architecture is characterized by Zilog's 8-bit
microcontroller core. The device offers a flexible /O
scheme, an efficient register and address space structure,
multiplexed capabilities between address/data, I/O, and a
number of ancillary features that are usefulinmany industrial
and advanced scientific applications.

The device applications demand powerful I/O capabilities.

"The Z86C 11 fulfills this with 32 pins dedicated to input and

output. These lines are grouped into four ports. Each port
consists of eight-lines, and is configurable under software
control to provide timing, status signals, serial or parallel
1/0 with or without handshake, and an address/dala bus
for interfacing external memory.

There are three basic address spaces available to support
this wide range of configuration: Program Memory, Data
Memory and 236 General-Purpose Registers.
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GENERAL DESCRIPTION (Continued)

To unburden the program from coping with the real-time
problems such as counting/timing and serial data com-
munication, the Z86C11 offers two on-chip counter/timers

with a large number of user selectable modes, and an
asynchronous receiver/transmitter (UART - Figure 1).

Output  Input

it

Vee

|

GND

!

. XTAL /AS /DS R/MW /RESET

Note: 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).

LHitt

Port 3 < Machihe Timing and
i l > Instruction Control
UART K ALU
FLAGS
Counter/ Prg. Memory
T'g’s <: 4096 x 8-Bit
Register ﬁ
Interrupt Pointer b
‘ rogram
Control G Register File o
256 x 8-Bit
AN
Jl S
Port 2 Port 0 Port 1

i

(Bit Programmable)

Address or I/O
(Nibble Programmable)

i

Address/Data or I/O
(Byte Programmable)

Figure 1. Functional Block Diagram
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PIN DESCRIPTION

vee [ 1 - 40 [] P36
XTAL2 [] 2 39 ] P31
"xTALY [] 3 38 [] P27
P37 [] 4 37 ] P26
P30 [| 5 36 || P25
/RESET [] 6 35 [ ] P24
rRW [ 7 34 ] P23
/ms [] s 33 [] P22
ms ]9 32 [] P2t
P35 [ 10 288$1 31 [] P20
GND [ 11 30 |] P33
P32 [] 12 29 [] P34
poo [] 13 28 |] P17
Pot1 [| 14 27 ] Pt1e
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 Plastic Dual In-Line Pin Assignments

Table 1. 40-Pin Plastic Dual In-Line Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Ve Power Supply Input 11 GND Ground Input

2 XTAL2 Crystal, Oscillator Clock  Output 12 P32 Port 3 pin 2 Input

3 XTAL1 Crystal, Oscillator Clock  Input 13-20 POO-PO7 Port0pin0,1,2,3,4,5,6,7  In/Output
4 P37 Port 3 pin 7 ) Qutput - 21-28 P10-P17 Port 1pin0,1,2,3,4,5,6,7 In/Output
5 P30 Port 3 pin 0 Input 29 P34 Port 3 pin 4 Qutput

6 /RESET  Reset Input 30 P33 Port 3 pin 3 Input

7 R//W Read/Write Output 31-38 P20-P27 Port2pin 0,1,2,3,4,5,6,7  In/Output
8 /DS Data Strobe Output 39 P31 Port 3 pin 1 Input

9 [AS Address Strobe Qutput © 40 P36 Port 3 pin 6 Qutput
10 P35 Port 3 pin 5 Output
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PIN DESCRIPTION (Continued)

ongg Q o N ©
o ~—
zeekk 8y
[ I rararararr
/6 5 4 3 2 1 44 43 42 41 40 )
/RESET [} 7 39 1 Nne
rRw [} 8 38 [ P24
ms ] 9 37 [] P23
/s [} 10 36 [] P22
pas [] 11 35 [ P21
Z86C11
12 34 [1 P20
&N [ PLCC !
P32 ] 13 33 [] P33
Poo [] 14 32 [] P34
Po1 [} 15 31 [] P17
Po2 [} 16 30 [] P16
R/RL [} 17 29 [ P15
L 18 19 20 21 22 23 24 25 26 27 28
| I o o O v s O o o
23882y
[+ W - WO s WY + WY - IO « WY+ WY VA s WY - W4

Figure 3. 44-Pin Plastic Leaded Chip Carrier Pin Assignments

Table 2. 44-Pin Plastic Leaded Chip Carrier Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Ve Power Supply Input 14-16 POO-PO2  Port0pin 0,1,2 In/Output
2 XTAL2 Crystal, Oscillator Clock Output 17 R//RL ROM/ROMIess control  Input

3 XTAL1 Crystal, Oscillator Clock Input 18-22 P03-PO7  Port 0 pin 3,4,5,6,7 In/Output
4 P37 Port 3 pin 7 Output 23-27 P10-P14  Port 1pin 0,1,2,3,4 In/Output
5 P30 Port 3 pin O Input 28 N/C Not Connected Input |
6 N/C Not Connected Input 29-31  P15-P17  Port 1 pin 5,6,7 In/Output
7 JRESET Reset Input 32 P34 Port 3 pin 4 Output

8 RIIW Read/Write Output 33 P33 Port 3 pin 3 Input

9 /DS Data Strobe Output 34-38 P20-P24  Port2pin0,1,2,3,4 In/Output
10 IAS Address Strobe Output 39 N/C Not Connected Input

11 P35 Port'3 pin 5 Output 40-42 P25-P27  Port 2 pin 5,6,7 In/Qutput
12 GND Ground, GND Input 43 P31 Port 3 pin 1 Input

13 P32 Port 3 pin 2 Input 44 ‘P36 Port 3 pin 6 Output
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[ TT 1 P30

[ TT 1 P37
— T XTAU
—TT ] XTAL2
[ TT ] vce
11 ] GND
|11 1 Pss
[ T1 1 P3t
[ 111 Pz
[ T1 1 Pes
11 P25

/' 33 32 31 30 20 28 27 26 25 24 23 )
/RESET [TT | 34 2 [ TT 1 anp
RW [ TT |35 21 [T P24
Ds [ TT 136 20 [T P23
/AS [TT a7 19— TT 1 22
Pas [ TT | 38 18 [T 1 P21
GND [ TT 39 Z%;:C,; 1 17 [TT—7 p2o
Pa2 [_TT {40 16 | —TT 1 pas
Poo [ TT |4 15 | —TT 7 Pas
PO1 [ TTf42 [ —TT 1 P17
P2 [ TT {43 O 13 [ TT7 P16
R/RL [TT ] 44 12 T Pis

\ 56 7 8 9 10 /

Po3 C—TT—] -
PO4ATT |~
Pos —TT— @
PO T |*™
PO7 T
GND [T

PIOTT |
P11 TT ]
Pl2[TT |
P18 [ TT |

1
bt
o

Figure 4. 44-Pin Quad Flat Pack Pin Assignments

Table 3. 44-Pin Quad Flat Pack Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1-5 PO3-P07  Port O pin 3,4,5,6,7 In/Output 31 XTAL1 Crystal, Oscillator Clock  Input

6 GND Ground Input 32 P37 Port 3 pin 7 Output
7-14 P10-P17  Port 1 pin 0,1,2,3,4,5,6,7 In/Output 33 P30 Port 3 pin O Inpul

15 P34 Port 3 pin 4 Output 34 /RESET Reset Input

16 P33 Port 3 pin 3 Input 35 RI/W Read/Write Qulput
17-21  P20-P24  Port 2 pin 0,1,2,3,4 In/Output 36 /DS Data Strobe Output
22 GND Ground Input 37 /AS Address Strobe Output
23-25 P25-P27  Port 2 pin 5,6,7 In/Output 38 P35 Port 3pin 5 Output
26 P31 Port 3 pin 1 Input 39 GND Ground Input

27 P36 Port 3 pin 6 Output 40 P32 Port 3 pin 2 Input

28 GND Ground Input 41-43  P0O0-PO2  Port 0 pin 0,1,2 In/Output
29 Voo Power Supply Input 44 R//RL ROM/ROMIess control  Input

30 XTAL2 Crystal, Oscillator Clock Output
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PIN FUNCTIONS

/ROMless. (input, active Low). This pin when connected to
GND disables the internal ROM and forces the device to
function as a Z86C91 ROMless Z8. (Note that, when left
unconnected or pulled high to V., the part functions as a
normal Z86C11 ROM version). This pin is only available on
the 44-pin versions of the Z86C11.

/DS. (output, active Low). Data Strobe is activated once for
each external memory transfer. For a READ operation,
datamust be available prior to the trailing edge of /DS. For
WRITE operations, the falling edge of /DS indicates that
output data is valid.

/AS. (output, active Low). Address Strobe is pulsed once
atthe beginning of each machine cycle. Address outputis
via Port 1 for all external programs. Memory address
transfers are valid at the trailing edge of /AS. Under
program conirol, /AS can be placed in the high-impedance
state along with Ports O and 1, Data Strobe, and
Read/Write.

XTAL1, XTAL2. Crystal 1, Crystal 2(time-based input and
output, respectively). These pins connect a parallel-
resonant crystal, ceramic resonator, LC, or any external
single-phase clock to the on-chip oscillator and buffer.

R/MW. (output, write'Low). The Read/Write signal is low
when the MCU is writing to the external program or data
memory.

/RESET. (input, active-Low). To avoid asynchronous and
noisy reset problems, the Z86C11 is equipped with a reset
filter of four external clocks (4TpC). If the external /RESET
signalis less than 4TpCin duration, noresetoccurs. Onthe
5th clock after the /RESET is detected, an internal RST

signal is latched and held for an internal register count of
18 external clocks, or for the duration of the external
/RESET, whichever is longer. During the reset cycle, /DS is
held active low while /AS cycles at a rate of TpC/2. When
/RESET is deactivated, program execution begins at lo-
cation 000C (HEX). Power-up reset time must be held low
for 50 mS, or until VCC is stable, whichever is longer.

Port 0. (PO0-P07). Port O is an 8-bit, nibble programmable,
bidirectional, TTL compatible port. These eight 1/O lines
can be configured under software control as a nibble /O
port, or as an address port for interfacing external memory.
Whenused as an /O port, PortQis placed under handshake
control. In this configuration, Port 3, lines P32 and P35 are
used as the handshake control /DAVO and RDYO (Dala
available and Ready). Handshake signal assignment is
dictated by the 1/O direction of the upper nibble P0O4-P07.
The lower nibble must have the same direction as the
upper nibble to be under handshake control. For the
ROMiess option, PortO comes up as A15-A8 Addresslines
after /RESET. . ' ;

For externalmemory references, PortO can provide address
bit A11-A8 (lower nibble) or A15-A8 (lower and upper
nibble) depending on the required address space. If the
address range requires 12 bits or less, the upper nibble of
Port O can be programmed independently as I/O while the
lower nibble is used for addressing. If one or both nibbles
are needed for 1/O operation, they must be configured by
writing to the Port O Mode register. In ROMless mode, after
ahardware reset, Port O lines are defined as address lines
A15-A8, and extended timing is set to accommodate slow
memory access. The initialization routine includes
reconfiguration to eliminate this extended timing mode
(Figure 5).
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OEN

_>

Z86C11
MCU

<—} Handshake Controls

Port 0 (1/0)

/DAVO and RDYO
(P32 and P35)

Out

>

L

PAD

TTL Level Shifter

VAN

oo}

R 2= 500k Q

Figure 5. Port 0 Configuration

“1 Auto Latch
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PIN FUNCTION (Continued)

Port 1. (P10-P17). Port 1 is an 8-bit, byte programmable,
bidirectional, TTL compatible port. It has multiplexed Ad-
dress (A7-A0) and Data (D7-D0) ports. For Z86C11, these
eightl/Olines can be programmed as Inputor Outputlines
or canbe configured under software control as an address/
data port for interfacing external memory. When used as
an 1/O port, Port 1 is placed under handshake control. In
this configuration, Port 3 lines P33 and P34 are used as the
handshake controls RDY1 and /DAV1.

Memory locations greater than 4096 are referenced through
Port 1. Tointerface externalmemory, Port 1 isprogrammed

for the multiplexed Address/Data mode. If more than 256
external locations are required, Port O must output the
~ additional lines. ‘

Port 1 can be placed in high-impedance state along with
Port 0, /AS, /DS and R//W, allowing the MCU to share
commonresource inmultiprocessor and DMA applications.
Datatransfers canbe controlled by assigning P33 as a Bus
Acknowledge input, and P34 as a Bus request output
(Figure 6).

——

Z86C11
MCU

L (P33and P34)

Port 1
(VO or AD7 - ADO))

Handshake Controls
/DAV1 and RDY1

OEN

[>o-

PAD

Out

TTL Level Shifter

1
N

1

“1 Auto Latch >

Figure 6. Port 1 Configuration
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Port 2. (P20-P27). Port 2 is an 8-bit, bit programmable,
bidirectional, TTL compatible port. Each of these eight I/O
lines can be independently programmed as an input or
outputor globally as an open-drain output. Port 2is always
available for 1/O operation. When used as an |/O port, Port

Open Drain

Z86C11
MCU

e

Port 2 (1/0)

/DAV2 and RDY2
(P31 and P36)

} Handshake Controls
- g————

OEN

>

=

PAD

Out

TTL Level Shifter

d
N

Figure 7. Port 2 Configuration

1 Auto Latch

2may be placed under handshake control. In this configu-
ration, Port 3lines P31 and P36 are used as the handshake
controls lines /DAV2 and RDY2. The handshake signal
assignment for Port 3 lines P31 and P36 is dictated by the
direction (input or output) assigned to P27.(Figure 7).
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PIN FUNCTION (Continued)

Port 3. (P30-P37). Port 3 is an 8-bit, TTL compatible four-
fixed input and four-fixed output port. These eight /O lines
have four-fixed (P30-P33) input and four fixed (P34-P37)

Z86C11
MCU

\-

Port 3 (1/0)

(/0 or Control)

Figure 8. Port 3 Configuration

output ports. Port 3 pins P30 and P37, when used as serial
1/0, are programmed as serial in and serial out, respec-
tively (Figure 8).

Port 3 is configured under software control to provide the
following control functions: handshake for Ports O, 1 and 2
(/DAV and RDY); four external interrupt request signals -

Table 4. Port 3 Pin Assighments

(IRQO-IRQ3); timer input and output signals (T, and T ;).
and Data Memory Select (/DM).

Pin le} CTC1 Int. PO HS P1HS P2 HS UART Ext
P30 IN IRQ3 Serial In
P31 IN T IRQ2 D/R '
P32 IN IRQO D/R
P33 IN IRQ1 D/R
P34 ouT R/D DM
P35 ouTt R/ID
P36 out Tour R/D
P37 ouT Serial Out
‘Notes:

HS = HANDSHAKE SIGNALS '

D = Data Available

R = Ready
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Port 3 lines P30 and P37, can be programmed as serial
1/O lines for full-duplex serial asynchronous receiver/
transmitter operation. The bit rate is controlled by the
Counter/Timer 0.

The Z86C11 automatically adds a start bit and two slop
bits to transmitted data (Figure 9). Odd parity is also
available as an option. Eight data bits are always trans-

Transmitted Data (No Parity)

ISPlSPID7|DGID5ID4|D3|DZ|D1|D0|STI

I—— Start Bit

Eight Data Bits

Two Stop Bits

Transmitted Data (With Parity)
EEE |De|Ds[D4|Da|02|D1 IDOlSTl
L e

Seven Data Bits

Odd Parity
Two Stop Bits

mitted, regardless of parity selection. If parity is enabled,
the eighth bit is the odd parity bit. An interrupt request
(IRQ4) is generated on all transmitted characters.

Received dala must have a start bit, eight data bils and at
least one stop bit. If parity is on, bit 7 of the received data
is replaced by a parity error flag. Received characters
generate the IRQ3 inlerrupt request.

Received Data (No Parity)
| sp|D7|os|Ds|D4|Ds|Dz|o1 IDO'STI

L Start Bit

Eight Data Bits

One Stop Bit

Received Data (With Parity)

ISPl PIDGIDSID4|DS|DZID1IDOlSTI

L Start Bit

Seven Data Bits

Parity Error Flag
One Stop Bit

Figure 9. Serial Data Formats

Auto-Latch. The Auto-Latch puts valid CMOS levels on all
CMOS inputs that are not externally driven. This will
reduce excessive supply current flow in the input buffer
when it is not been driven by any source.

Low EMI Option. The Z86C11 is available in a low EMI
option. This option is mask-programmable, to be selected
by the customer at the time when the ROM code is
submitted. Use of this feature results in:

B Less than 1 mA current consumptions during HALT
mode.

B The pre-drivers slew rate reduced to 10 ns typical.

m Low EMI output drivers have resistance of 200 ohms
typical.

m  Oscillator divide-by-two circuitry is eliminated.

m Internal SCLK/TCLK operation is limiled to a maximum
of 4 MHz (250 ns cycle time)
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FUNCTIONAL DESCRIPTION
Address Space

Program Memory. The Z86C11 can address up to 60 K
bytes of external program memory (Figure 10). The first 12
bytes of program memory are reserved for the interrupt
vectors. These locations contain six 16-bit vectors that
correspond to the six available interrupts. For ROM mode,
byte 13 to byte 4095 consists of on-chip ROM. At address
4096 and greater, the Z86C11 executes external program
memory fetches. In the ROMless mode, the Z86C11 can
address up to 64 Kbytes of external program memory.
Program execution begins at external location 000C (HEX)
after a reset.

65535
External
ROM and RAM
4096
4095
On-Chip ROM
Location of 12
First Byte of
Instruction 11 IRQ5
Executed
After RESET 10 IRQ5
9 IRQ4
8 IRQ4
IRQ3
Interrupt
Vector 6 IRQ3
(Lower Byte) \
5 W iRQ2
> IRQ2
Interrupt 4/
Vector . 3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 10. Program Memory Configuration

Data Memory (/DM). The ROM version can address up to
60 Kbytes of external data memory space beginning at
location 4096. The ROMless version can address up to 64
Kbytes of external data memory. External data memory
may be included with, or separated from, the external
program memory space. /DM, an optional I/O function that
can be programmed to appear on pin P34, is used o
distinguish between data and program memory space
(Figure 11). The state of the /DM signal is controlled by the
typeinstructionbeing executed. AnLDC opcode references
PROGRAM (/DMinactive) memory, and an LDE instruction
references DATA (/DM active low) memory.

65535
External
Data
Memory
4096
4095
Not Addressable
0

Figure 11. Data Memory Configuration
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Register File. The Register File consists of four 1/0O port
registers, 236 general-purpose registers and 16 control
and status registers (Figure 12). The instructions can
access registers directly or indireclly via an 8-bit address
field. The Z86C11 alsoallows short 4-bitregister addressing
using the Register Pointer (Figure 13). In the 4-bit mode,

the Register File is divided into 16 working register groups,
each occupying 16 continuous locations. The Register
Pointer addresses the starting location of the active working-
register group.

Note: Register Bank EO-EF can only be accessed through

working registers and indirect addressing modes.

- LOCATION IDENTIFIERS
255 Stack Pointer (Bits 7-0) SPL
254 Stack Pointer (Bits 15-8) SPH
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 0 T0
243 T1 Prescaler PRE1
242 Timer/Counter 1 T
241 Timer Mode TMR
240 Serial I/O sio

General-Purpose
Registers
4
3 Port3 P3
2 Port 2 P2
1 Port1 P1
0 Port 0 Po

Figure 12. Register File
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FUNCTIONAL DESCRIPTION (Continued)

1

___>.<| r7 r6 r5 r4 l r3 r2 I'1 ro R253

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

R239

The lower nibble
of the register

file address

Specified Working .
L . -«¢——|— provided by the
Register Group instruction points
to the specified
L register
R15
T T Tuobes — T | R

Figure 13. Register Pointer

RAM Protect. The upper portion of the RAM's address
spaces 80H to EFH (excluding the control registers) can
be protected from reading and writing. The RAM Protect
bit option is mask-programmable and is selected by the
customer when the ROM code is submitted. After the mask
option is selected, the user can activate from the internal
ROM code to turn offfon the RAM Protect by loading a bit
D6 in the IMR register to either a O or a 1, respectively. A
1in D6 indicates RAM Protect enabled.

ROM Protect. The first 4 Kbytes of program memory is
mask programmable. A ROM protect feature prevents
dumping of the ROM contents by inhibiting execution of
LDC, LDCI, LDE, and LDEl instructions to Program Memory
in all modes.

The ROM Protect option is mask-programmable, to be
selected by the customer at the time when the ROM code
is submitted.

Stack. The Z86C11 has a 16-bit Stack Pointer (R254-R255)
used for external stack that resides anywhere in the data
memory for the ROMless mode, but only from 4096 to
65535 in the ROM mode. An 8-bit Stack Pointer (R255) is
used for the internal stack that resides within the 236
general-purpose registers (R4-R239). The high byte of the
Stack Pointer (SPH-Bit 8-15) is used as a general purpose
register when using internal stack only.
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Counter/Timers. There are two 8-bit programmable counter/
limers (TO-T1), each driven by its own 6-bit programmable
prescaler. The T1 prescaler can be driven by internal or
external clock sources; however, the TO prescaleris driven
by the internal clock only (Figure 14).<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>